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The Design for the CO2 Allowance Trading System
Considered by Law and Economics
U The proposal of "The Hybrid-type Allowance Trading System"[]

Akio Shimada Ph.D.
Graduate School for Law and Politics
The University of Tokyo

Abstract:

From a viewpoint of law and economics, we should consider CO2 allowance based
on the principle of the "Coase Theorem". The government should give the allowance
of long-term CO2 discharge desired value in 2050 to CO2 discharging companies by
grandfathering system. It is appropriate for CO2 allowance which should be reduced
by 2050 from the in-between CO2 discharge desired value in 2020 to sell to CO2
discharging companies by auction system, and to repurchase the allowance by 2050
according to real CO2 reduction. We should examine such "The Hybrid-type
Allowance Trading System" as the best policy mix to reduce CO2 efficiently with

the minimum social burden.

Keywords: Coase Theorem, the Hybrid-type Allowance Trading System,

Environmental Allowance, grandfathering system, auction system
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aood

We examine the effect of international trade in emission permits on the
national welfare of trading countries. We consider a situation in which
the countries start trading permits after commodity-trade
liberalization. We show that commodity trading never improves the
global environment when countries have the same production technology.
In the presence of technology difference, commodity trading generates
an extra benefit due to an improvement in the global environment. Global
emission trading does not guarantee an improvement in the environment.
Regardless of which country is given more generous emission quota,
emission trading may deteriorate the global environment and reduce the

welfare of a country exporting an emission-intensive commodity.
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Providing Credibility: Explaining the Effective Devices
of the Cape Town Convention*

Tkum iSato Yoshinobu Zasu
Graduate School of Law ~ Waseda Institute for Advanced Study
Kobe University ‘Waseda University
Abstract

This paper analyzes the characteristics and effects of the Cape Town convention governing
international bankruptcies on aircraft financing. Some countries are incredible for investors
who predict that the extent of the creditor rights are different between when the investment
has not been made (ex ante) and when the investment has been done (ex post). This time
inconsistency problem results in credit rationing. The entrepreneur in a such country cannot
access the credit market, especially, international capital market. This paper explains first
why less developed countries have been suffered from their incredibility and credit rationing,
and then explores how the convention resolves the problem by using the unique approach.

The convention benefit the countries which sign and ratify the convention.

*Corresponding author: Yoshinobu Zasu, 720 Building no. 9, Waseda University, 1-6-1 Nishi-waseda, Shinjuku-
ku, Tokyo, Japan. E-mail: zasu@aoni.waseda.jp. This paper is very preliminary. Comments are welcome.
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1 Introduction

For last decade, the price of petroleum or crude oil has been rising because the demand is
increasing rapidly around the world but the supply is not sufficiently increasing to match that.
Airlines wants to have the new type of aircrafts which can save oil. They need huge amount of
money to buy or lease the new aircrafts. Since the price of the new aircrafts is high, they cannot
buy the aircrafts only by their capital and they need external capital from investors. Some
of them, however, are not able to enjoy the external capital because the sovereign risk of the
countries where they are situated is too high for foreign investors to finance them. Even when
the domestic law gives adequate protection to creditors in the event of default by debtors, some
countries are incredible for investors if the government has intervened the private transaction in
the past and/or the government has distorted the judicial independence.

Given such countries, international treaty or convention can be one of the solutions to facili-
tate the international finance. An international drafting organization, the Unidroit, had planned
to draft the Convention.! The Cape Town convention and its related protocols were prepared
to facilitate the financing of the acquisition and use of high value mobile equipment in an ef-
ficient manner. For this purpose, they aim to establish a stable international legal treaty for
the protection of a creditor in asset-based financing and leasing of certain categories of mobile
equipment, including aircraft and the associated apparatus. This paper analyzes economically
what advantageous effects the Cape Town convention has and how the convention is designed
to have devices in order to secure the effects. In this paper, we collectively refer to the Cape
Town convention and the protocol on aircrafts just as “the Convention” unless special mentions
are made.

The Convention has two significant features on resent showing. One is that the Convention
seems to be more successful than other conventions in a sense that the Convention acquires more
contracting countries. For example, among the conventions which the Unidroit have drafted,
the number of contracting state at five years after adoption of the Convention is thirteen, in
comparison to that of the conventions, excluding a convention on illegal exported cultural ob-

jects, are less than six. The other is that Contracting countries include many emerging and

*We provide brief remarks on the Unidroit in Section 2.
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developing countries and we can safely say that developed country is only USAZ2.

There is different characteristic of international law, including convention or treaty, from
domestic law. In the literature of international law, because of lack of courts or authority
with enforcement power basically, even if a state reneges on a international law, there is no
coercive sanctions against the state (Goldsmith and Posner 2005; Sykes 2008; Guzman 2008).
In comparison with domestic law, there is weak enforcement of international law. Incentives to
keep international law for contracting states are not always sufficiently high. Therefore, it is
important to consider the role of enforcement for analyzing international law or international
convention.

In this paper, we investigate why the Cape Town convention and the protocol on aircrafts
are important for emerging and developing countries and how the Unidroit, the international
drafting organization, could make the Convention meaningful for the contracting states and the
related parties. In addition, we consider the problem of the enforcement in international law in
the case of the Convention.

Most related literature with the present paper is Bebchuk and Guzman (1999) and Saun-
ders, Srinivasan and Walter (2006). Bebchuk and Guzman (1999) analyze the transnational
comparison between territoriality type and universality type in bankruptcy law and show that
there can be distortion in investment under territoriality countries. We describes that the effec-
tive contents of convention can be a solution to the problem under different legal rules, which
demonstrated by them. Saunders, Srinivasan and Walter (2006) estimate the economic impact
of the Cape Town convention and the protocol on aircrafts and demonstrate that the countries
which has higher credit risk could benefit more if the countries would ratify the Convention. We
provide a theoretical foundation to the empirical results by them. Our paper complements the
literature.

If a country does not ratify an international convention on procedure of collateral enforcement
or there is no such a convention, then procedure of collateral must follow the domestic law in the
country. There are some rooms for a state to intervene the procedure of collateral, especially,

for foreign creditors rather than domestic ones. Figure 1 depicts a procedure of collateral

2The members of contracting countries are the following; Afghanistan, Albania, Angola, Cape Verde, Colombia,
Ethiopia, India, Indonesia, Ireland, Kenya, Malaysia, Mexico, Mongolia, Nigeria, Oman, Pakistan, Senegal, South
Africa, United Arab Emirates, United States of America.
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enforcement in a state. Suppose that a borrower use a aircraft as collateral to a foreign lender
for a business loan. When the borrower is in default, the lender firstly has to go to the court
to have the order. The lender secondly goes to registry authority to obtain the permission
to remove the nationality of aircraft. Finally, the lender can take possession of the aircraft,
procure de-registration of it and bring it abroad. At this point, we can observe that there is
judicial inefficiency through the above domestic institutions; courts and registration agency for
nationality of aircraft. This paper incorporates judicial inefficiency on collateral enforcement.
Taking possession

and Procuring de-
registration and export

Registry

Order authority

‘ ‘ Time

Permission

Debtor’s default | Court

Figure 1: Domestic Procedure of Collateral under a State

A airlines company, which pays huge amount of expenses to buy or lease the aircraft, needs
the external finance from investors. The airlines (entrepreneur) contracts investors (creditors)
for the finance. In the event of the contract, if the parties could place more reliable collateral
on the aircraft, then they would decrease the risk in the case of default and the risk premium
or repayments from the airline to investors would be smaller. This is beneficial for the both
parties.

In order to secure to carry out the credit contract, when the borrower is in default, it is
necessarily for the government in the country, which is home to the company, effectively and
expeditiously to enforce the contract or to seize the collateral by legal process. If the investors
predict that the collateral would not be enforced so as to follow the contract, the entrepreneur
could not raise funds enough from the investors (the credit rationing would occur.).

On the one hand, at the ex ante stage when the investment in the business has not been
made yet, the government in the country which is home to the entrepreneur would announce to
improve legal rules or process for the investor protection in order to encourage the investment.
On the other hand, as the ex post stage when the investment has been made, the government,

which would stand for the domestic parties and would not consider the foreign investors, could
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make the investor protection low. In a word, the investor protection ex ante could be larger
than one ex post which is actually enforced. This is called by the time inconsistency problem.
The time inconsistency problem which policy makers cause is important issue in the literature of
economics. This is also important in the context of corporate finance. Because the more severe
time inconsistency problem, the more aggravated credit rationing is.

Given such a problem, even if investors observe ex ante high degree of investor protection,
it is incredible for the investors who predict the ex post outcome. This results in the credit
rationing. This paper explains that this problem is more severe in a country which has less
developed the domestic capital market.

One of the devices which make the country’s policy on the creditor rights credible for investors
is considered to be an international treaty or convention. However, sign and ratification of the
treaty or convention does not automatically mean that the country can be credible for the
investors. Whether the country which ratifies the convention is credible or not depends largely
on the reliable institutions which the convention creates. We find that the Cape Town convention
and the protocol have some effective devices. One is the review system, by which a contracting
state which breach the Convention will be revealed around the world, including foreign investors.
This can be considered to work as ex post constraint for the contracting states. The other is
the system of declaration. The contracting states can choose a legal option on the domestic
procedure of collateral from some options in the Convention. This system helps to enlarge the
participation condition in the Convention. These effective devices in the Convention succeed in
attracting large number of contracting states.

The remaining of the paper is follows. In Section 2, we provide a legal background of the
Cape Town convention and the protocols. In Section 3 we explores first this time inconsistency
problem which policy makers cause by using the standard setting of corporate finance in the
context of the Cape Town convention and the protocol on aircrafts. Then we investigate how
the Cape Town convention makes the states which ratify the Convention credible for investors
and results in reductions in sovereign risk in Section 4. Section 5 and 6 provide some discussion

and brief concluding remarks, respectively.
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2 Legal Background of the Cape Town Convention

The Cape Town convention® is an achievement of the project which has been promoted mainly
by an independent intergovernmental organization, the Unidroit,* since 1988. The convention
was adopted at the diplomatic conference held in Cape Town in November 2001 and entered
into force in March 2006.

The main purpose of the convention is to facilitate the financing of the acquisition and
use of high value mobile equipment in an efficient manner.”> For this purpose, the convention
aims to establish a stable international legal treaty for the protection of a creditor® in asset-
based financing and leasing of certain categories of mobile equipment. At the present time, the
categories are (a) airframes, aircraft engines and helicopters (aircraft objects), (b) railway rolling
stock and (c) space assets.” The provisions of the convention are applied to all of the categories
of mobile equipment. On the other hand, the provisions applied only to one of the categories
of mobile equipment are provided in each protocol prepared for each category. The protocol
for aircraft objects® was adopted in November 2001 and entered into force in March 2006 at
the same time as the convention itself. The protocol for railway rolling stock® was concluded
in Luxembourg in February 2007 but has not yet entered into force. A draft protocol for space
objects is currently under discussion. The convention and the equipment-specific protocol are
read and interpreted together as a single instrument,'? and govern asset-based financing and

leasing of the category of mobile equipment.

*The formal name for the convention is the* Convention on International Interests in Mobile Equipment” . For
the official commentary of the convention, see Roy Goode, Official Commentary on the Convention on International
Interests in Mobile Equipment and the Protocol thereto on Matters Specific to Aircraft Equipment (revised ed.,
Unidroit 2008) [hereinafter Official Commentary].

“The formal name for the Unidroit is the* International Institute for the Unification of Private Law " . Its
purpose is to study needs and methods to modernize, harmonize and co-ordinate private law among states. Its
main task is to prepare uniform rules of private law. It is located in Rome, Italy. It has 61 member states (as of
11th July 2008). It was set up in 1926 as an auxiliary organ of the League of Nations. After the government left
the league, it was separated from the league. It was re-established in 1940 on the basis of a multilateral agreement.
See i http://www.Unidroit.org/english/home.htmy, (visited 21st July 2008). For all conventions which it prepared,
see the List 1 of this paper.

®See the preamble of the convention.

°Article 1(i) defines a creditor as" a chargee under a security agreement, a conditional seller under a title
reservation agreement or a lessor under a leasing agreement ” .

"See Article 2.3 of the convention.

®The formal name for the protocol is the* Protocol to the Convention on International Interests in Mobile
Equipment on Matters specific to Aircraft Equipment ” .

°The formal name for the protocol is the* Luxembourg Protocol to the Convention on International Interests
in Mobile Equipment on Matters specific to Railway Rolling Stock " .

*°See Article 6.1 of the convention.
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In this paper, because we analyze asset-based financing and leasing of aircraft objects, we call
the protocol for aircraft objects’ the protocol” . In addition, taking the relationship between the
convention and the protocol into consideration, we call the international legal treaty established
by both the convention and the protocol” the treaty ” or “the Convention”. Moreover, we use
the Arabic number for the articles of the convention and the Roman number for the articles of
the protocol.

The treaty is a self-contained one, using an original legal conception,“ the international
interest” , as a creditor’ s interest. The treaty is made up not only of a series of basic provisions
for constitution, priority, assignments and termination of the international interest but also of an
International Registry!! to protect the interest. The registration system gives public notice of the
interest and makes it possible for a creditor to preserve the priority and the effectiveness of the
interest in insolvency proceedings against a debtor in all contracting states of the convention.!?

In addition, the treaty also contains a set of remedies, that is the means of enforcing the
international interest in a contracting state in the event of a debtor’ s default. The table 1 lists
all remedies which the treaty gives a creditor. The following two points characterize the remedies
of the treaty. Firstly, to make certain remedies available, not only courts but also a registry
authority'® and administrative authorities in a contracting state are required to do their duties
under the treaty. This type of remedy is the de-registration of the aircraft (Article IX-1(a)),
that is the removal of the aircraft * s nationality,'* and the export and physical transfer of the
aircraft object from the territory in which it is situated (Article IX-1(b)). These two remedies
enable a creditor to change the nationality of the aircraft and to move it to the state of the
new nationality or any other state.!®> Because this type of remedy is so suitable to the legal

attribute of the aircraft objects, it seems to make the international interest more enforceable in

A separate International Registry is established for each categories of equipment. The International Registry
for aircraft objects (formally the International Registry of Mobile Assets) is based in Dublin. It was set up and is
run by Aviareto, a joint venture company of SITA SC and the Irish Government. It operates a wholly electronic
system, that is registrations and searches are made entirely by electronic transmission and search certificates are
issued in the same way (see Official Commentary 117).

*2Official Commentary p.49.

*The authority is responsible for the registration and de-registration of an aircraft in accordance with the
Convention on International Civil Aviation, signed at Chicago in 1944 (hereinafter the Chicago Convention).

*The Chicago Convention provides that an aircraft has the nationality of the state where it is registered (the
article 17) and that* an aircraft cannot be validly registered in more than one state” (the article 18). Therefore,
for a creditor to change the aircraft’s nationality from one state to another, the cooperation of a registry authority
in the former state is needed.

**Official Commentary 319.
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the contracting states.

Secondly, while many remedies are contained in the treaty, some remedies are referred to the
decision-making by each contracting state. The system of declarations in the treaty makes this
possible. As regards certain provisions, the system allows each contracting state to make a choice
among some options expressly provided for in the treaty. For example, a contracting state can
choose whether it grants a chargee a lease of the aircraft objects (Article 54-1), whether it grants
him an extra-judicial exercise of the lease (Article 54-1, -2), and whether it grants him a speedy
relief of the lease pending final determination of the claim (Article 54-1, 55) in that territory. As
regards the above two remedies, the de-registration of the aircraft and the export and physical
transfer of the aircraft objects, a contracting state can declare that the registry authority and
the administrative authorities make these remedies available no later than five working days
after the date of notification by a creditor that he is entitled to procure these remedies under
the convention (Article XI). In the event of a default of an airline, each contracting state is
required to make the remedies available for a creditor in accordance with these options which
the state declared ex ante.

Traditionally, the two natures of aircraft tend to make security interests on it unstable and
unenforceable. One is the mobility inherent in aircraft. Aircraft moves cross borders. Therefore,
a security interest validly created on it and perfected in accordance with a national law may
be treated invalid or unenforceable under another national law. The other is the high value
and particular economic significance of aircraft. For this nature, enforcing security interests on
aircraft held by foreign creditors has been sometimes obstructed in some countries.

It is considered that the treaty can solve the issue arising form the first nature. The orig-
inal security interest created by the treaty made it possible to prepare a self-contained treaty
which was designed to facilitate aircraft financing in an efficient manner, without regard to the
difference in stance on non-possessory security among countries. The international interest is
recognized and protected in all contracting states, based on the unified priority rules and the
international registration system. As the result, the status of creditor in aircraft financing is
dramatically improved in law as the number of the contracting states grows.

On the other hand, it is more difficult to solve the issue arising from the second nature.

The smooth enforcement of security interests on aircraft depends on the quality of judiciary
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and administrative authorities of the country where the aircraft is located in the event of a
default. As regards some countries, however, such quality is very poor. This suggests that the
international interest on aircraft is not always enforceable in some contracting states. In other
words, in the event of a default of an airline, some contracting states do not always protect the
international interest held by a foreign creditor in accordance with the provisions of the treaty
and with the declarations which the state did ex ante. Taking this point into consideration, We
analyze the difference between the ex ante and ex post policies of the state in the next section

by using a simple formal model.

3 The Basic Model

We set up first a model in absence of the convention in order to explore the implication of some
incredible countries for creditors. We introduce collateral, and indicators of legal inefficiency in
a country into the model. This section examines first a credit contract, then investigates the

action on creditors’ protection by the government or state.

3.1 Credit Contract

Let us consider in this subsection a contract on debt between entrepreneurs and (domestic and
foreign) investors and the effects of judicial inefficiency on the contract. We adopt the stan-
dard model of corporate finace with moral hazard based on Tirole (2003),'6 The representative
entrepreneur is risk neutral and borrows I to start a project. Investors who has money but
has no ideas are also risk neutral. The capital market is competitive and the rate of return
is normalized to zero. Thus, the investors lend money that the borrower want as long as the
investors break even on average.

Investors can observe whether the project turned out to be success or failure, but can not
observe whether the entrepreneur chooses good project or bad one. Good project brings higher
probability of success of the project than bad one (p > p°), and brings lower probability of
failure (1 —p < 1 — pP). The project yields revenue R® in case of success and yields profit RY in

case of failure (where R® > R/). Following the standard corporate finance setting and for the

*¢See also Chapter 16 in Tirole (2006).
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analytical simplicity, we adapt explicitly the model in which the entrepreneur chooses project
with private benefit B rather than the model in which the entrepreneur avoids costly efforts as
the source of moral hazard. In this context, we can also interpret this type of moral hazard as
that in order to induce the entrepreneur to make efforts for success of the project, investors pay
more than when they can observe the action of the entrepreneur.

For focus on the inefficient enforcement of the collateral, we assume that in case of success
transfers ¢ from the borrower to creditors will be made without problem, but that in case of
failure the borrower will dispute creditors’ claim to keep the collateral for his own sake or for the
insiders. Creditors will recover only a fraction of the collateral. The contract is enforced with
probability 7 and not is enforced with probability 1 — 7. This parameter 1 can be interpreted as
an indicator of judicial efficiency. This can have the possible two meanings. One interpretation
is that n is the probability of enforcing the contract by the court. The other interpretation
is that 7 is discount factor which indicates losses through the judicial procedure (long judicial
process, high legal fees, etc.). Thus, deadweight loss (1 — 7)(R’ — v) is occurred.The expected
entrepreneur’s payoff in case of failure is n(R/ —¢) + (1 —n)v, where v(< RY) is the payoff which
is also discounted by the inefficient judicial process when the contract is not enforced by the
court.

Suppose that investors make a take-it-or-leave-it offer to the entrepreneur. In order to prevent
the entrepreneur from choosing bad project, the contract must satisfy the following incentive

compatibility condition:

p(R* = )T + (1= p){n(R/ =)+ (1= v} >

PR =)+ (1= p"){n(Rf —¢)+ (1 — 0w} + BI. (1)

In the equilibrium, the incentive compatibility condition has to be an equation not to be in-
equality, otherwise less investment would be made and result in less payoff for both parties.
Given the condition (1), since the expected rate of return equals to zero, investors’ break

even condition is

ptI + (1 —p)nel =1. (2)
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After simple calculation by using equations (2) and (1), we can acquire in the equilibrium
the transfer ¢* in case of success and collateral ¢* in case of failure. Given judicial inefficiency

(n,v), creditors capture collateral ¢ * I in the case of failure:

&I =1 —p(R—B/Ap—nRf — (1 —n))|I/n. (3)

In the case of success, creditors take tranfer ¢*I:

1 =[1+ (1 —p)(R* — B/Ap = nRS — (1L = nw)]L. (4)

Simple comparative statistics show that transfer ¢* decreses in the improvement of judicial
efficiency (n,v): 9t*/9n < 0,0t*/0v < 0. In other words, if the state improves judicial efficency,
transfers from the borrower to the lender on the credit contract is smaller because it reflects

lower risk of the contract.

3.2 Time Inconsistency Problem in the State

Let us now examine the effects of the state action on the enforcement of the above contract.
Suppose that the state action makes an effect on the enforcement of the contract, or especially
the procedure of collateral enforcement: 7(a). The state action a indicates the efforts of the
state to enforce the contract or in general to improve the judicial efficiency or indicates that the
state put the effective judicial system or law into place. n(a) is a strictly increasing and concave
function, i.e., n'(a) > 0,7"(a) < 0. The state action a is costly and is proportional to the amount
of investment I, and is assumed to be y(a) = vyal for simplicity. The marginal cost 7 represents
the degree of difficulty for the state to improve the judicial system. Higher « more difficult for
the state to enforce the contract. This is because there might be the pressure for the insiders,
which include workers, inside the country and/or because there might be some barrier by the
exsiting domestic law. Another interprecation on v under the convention will be noted later.
We assume that the state is biased toward or stands for the domestic borrower and lenders and
that the state’s goal is to maximize the domestic social welfare.

The timeline on the state action is as follows. The state announces its policy on the effort
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of the enforcement of collateral before investment is not maded. The state brings the effort into
action after the investment is maded but before the entreprenur’s moral hazard action is taken.
This sumarizes in figure 2.

Contract between
borrower and lenders

Announcement a®"t¢ Actual policy aPo%!
by the government

by the government

Figure 2: Timeline of the State Policies

Now suppose that the state chooses the policy before the capital is invested. We can interpret
that the state announce the policy on the enforcement of contracts when the investment is not
made in the country. One may expect that the state will work towards investor protection in
order to attract investment in the country. Since ex ante lenders’ payoff is zero (by competitive
market), ex ante welfare is equivalent to the borrower’s payoff UI;"”G minus the cost of the state

action y(a):

Wcmta — U[;mte + aUlante _ 7(‘1)
=p(R° =) + (1= p){n(R) — ") + (1= v} —~al

=pR I+ (1 —p){nR + (1 —n)v}] — I — ~al. (5)

where « indicates the fraction of domestic investors and ranges from 0 (no domestic investors)

to 1 (all investors are domestic). Thus, the state’s goal is the following:
max(1 = p){n(a) R’ + (1 = n(a))v}I - ~al. (6)
The first-order conditon leads to the following ex ante action a® of the state:

U antey __ ’Y
n'(a t)*m< (M

ante

Since 1 (a) < 0, we can observe that the state policy ex ante a increases as a parameter of
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judicial inefficiency v and/or the marginal cost of the policy v decreases. When investment has
not been maded yet, increase of payoff in the case of failure to the borrower v indicates decrease
of the effect of the state effort on the payoff in the case of success. Thus, the state makes less
effort to enforce the contract in a country where the payoff in the case of failure is larger. The
state makes less effort of judicial commitment in a country where the marginal cost of the policy
is larger.

At the ex post stage when investment has already been made, thus investment is sunk. The
borrower and lenders have rational expectations, and transfer t* and collateral ¢* are decided
on the anticipated equilibrium value a* of the state action, i.e., t*(a*), c*(a*). In order to avoid
confused notations, we will express t*(a*) and ¢*(a*) just as ¢t* and c*, respectively. Lenders
enjoy quasi-rents ex post, as contrasted with ex ante lenders who have no rent. The state
maximizes the ex post social welfare, which consists of the domestic payoff minus the cost of the

state policy;

Wpost _ UfDSt + aUlPOSt _ ’Y(a)

= p(R* =) + (1 = p){n(a)(R" — ") + (1 = n(a)v}] + (1 = p)y(a)c"la —yal. (8)

The first and second terms represent the entrepreneur’ payoff and third one does the domestic

investors’ payoff ex post, respectively. Therefore, the state’s goal is as follows:

max(1 ~ p){n(a) (R — ) + (1L~ n(@)v}T + (1 - pn(a)e* T — yal. ©)

post

By the first-order condition, the state policy a at ex post stage is given as:

1( posty __ 2l
T = R wey 1o

*

To make things interesting, we will assume that R/ — v — (1 — a)c* is positive, otherwise, the
state makes no efforts (aP°s* = 0). In a similar way to the ex ante case, the ex post state policy
aP*st increases as v and/or v decreases, in addition, as the fraction of the domestic creditors «

increases.

Comparing (7) with (10), we can observe that the policy ex post is less investor-friendly than
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the one ex ante, i.e., aP®t < g,

In this way, incentives are different at the different decision-
making stage, and agents who face the different incentives act differently at each stage. This is
known to be as time inconsistency problem in economically oriented literature. In our model, if
all of the creditors is domestic (o = 1), time inconsistency problem disappears (aP°! = a®¢). As
the fraction of foreign creditors is larger (« is smaller), time inconsistency problem is aggravated

(the difference between Pt and a®™t®

is larger). Time inconsistency problem is severer in a
country where the domestic capital market is smaller. In such a country, the state announces
hight creditors protection at the ex ante stage, in contrast, the state makes less efforts to enforce
the contact at the ex post stage. Even if the state makes a promise ex ante to commit the ex
ante policy ex post, ex post the state has less incentive to commit the policy as promised. There
is a problem that the state cannot commit its policy by itselves. This results in that the state
announcement ex ante is incredible for investors who predict the state’s moral hazard.
Less-developed countries might tend to be such countries that domestic captial markets are
constrained and do not fully satisfy the domestic demands. Although such countries encourage
investment from abroad, the investors who anticipate the state’s moral hazard does not make
the capital as sufficiently as the entrepreneur wants. Less-developed countries, therefore, might
be facing the severe time inconsistency problem and be suffering from the credit rationing. In
other words, such countries are troubled with their incredibility. Under the circumstances, they
desire to achieve credibility in order to attract investment. With the result of this section in

mind, in the following section we will investigate how the convention makes them credible.

4 Devices in the Cape Town Convention

As the preceding section analysed, given absence of the convention, countries with less domestic
capital market is incredible for investors who have rational expectations. Referring some articles
in the convention in practice, this section describes some devices of the convention less formally
than the previous section. The Unidroit, an independent intergovernmental organization which
made a draft of and works the convention, can be considered to solve the time inconsistency
problem in front of less developed countries. We explore how the Unidroit makes incredible

contries credible or gives them commitment through the convention.
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The sequence of the event in this section is as follows: the convention is offered ex ante by
the Unidroit, i.e., at the time before the investment is made and the state action ex post is set.
This is summarized in the figure

The Unidroit has to consider the two conditions in order to give countries credibility through
the convention; one is ex ante condition and the other is ex post one. The ex ante condition is
the participation one that a sate ratifies the convention. The ex post condition is the constraint

that makes a state not break the convention. We describe these conditions in the reverse order.

4.1 Ex Post Commitment Constraint

Given that the country ratifies the convention, the Unidroit does not let the country break the
Convention. In the reality, the convention provides some devices to make the country keep the
Convention. Article 61-1 and Article XXXVI-1 provide for the review of the treaty.'”Article

XXXVI-1 says;

[tJhe Depositary, in consultation with the Supervisory Authority, shall pre-
pare reports yearly, or at such other time as the circumstances may require, for
the States Parties as to the manner in which the international treaty established in
the Convention as amended by this Protocol has operated in practice. In preparing
such reports, the Depositary shall take into account the reports of the Supervisory

Authority concerning the functioning of the international registration system.”

The depositary, that is the Unidroit, takes the primary responsibility in the review. It must
prepare reports yearly or ad hoc as to the operation in practice of the treaty. The task is a
part of the machinery for review and amendment, whose basic objective is* to ensure that the
convention remains effective in facilitating asset-based financing and leasing ” .18

These reports and review conferences in the convention can be considered as follows. In

order to ensure the commitment of the country to the convention, the Unidroit offers ex post

7 Article 61-1 says that* [tlhe Depositary shall prepare reports yearly or at such other time as the circum-
stances may require for the States Parties as to the manner in which the international treatyn established in this
Convention has operated in practice. In preparing such reports, the Depositary shall take into account the reports
of the Supervisory Authority concerning the functioning of the international registration system. "

*®Official Commentary 293.
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the convention which satisfies the following condition:
(L=ny =1 =n)(v-4gS), (11)

where S represents the exogenous sanction or punishment when the information in which the
country breaks the convention is revealed, and ¢ is the probability of the sanction or the prob-
ability that the information is revealed. Since S is positive, then the right hand side can have
negative value. That is, the Unidroit applies economic sanctions against the country which
breaks the convention through revealing the information or the announcement. This is the con-
dition which makes the country enforce the contract ex post. The exogenous punishment S
indicates that the country which breaks the convention cannot access the international capital
market. ' the Unidroit does not impose S directly on the country but the international capital
market refuses the supply of investment to the moral hazard country and results in imposing
the punishment on the country. The Unidroit raises the probability of detection ¢ sufficiently
to satisfy the above condition and impose the sanction indirectly on the country. The proba-
bility of detection ¢ also indicates the level of efforts on the announcent by the Unidroit. This
condition is the most important in the convention to ensure credibility of the country through
the convention. If the convention satisfies the above condition, countries with the convention is
credible for investors. Since the important factor ¢, which is the of detection, is included in the
contents of the convention in reality, we can believe that the Cape Town convention has some
devices to satisfy the above condition. We describe how the factor ¢ is formally embodied in the
convention.

Given the announcement of the Unidroit and punishment in the international capital market,

the ex post state’s problem is changed to the following:

max(1 = p){n(@) (R — (1 = a)e") + (1 = n(a))(v — ¢S)} —val. (12)

*°In this context, sanction or punishment is not costly for punishers. Therefore, free-rider problem on sanciton
is not occurred.
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Then, the state policy aP®** ex post given the punishment is given as:

1( postky __ 7
(G A e ey s TN "

We can observe that the ex post state efforts aP°™* increases in the announcement by the the
Unidroit g. When the expected punishment ¢S is sufficiently large, the announcement of the

Unidroit makes the state more commit the convention even ex post.

4.2 Ex Ante Participation Condition

Now let us consider whether a country ratifies the convention. A country would ratify the
convention if the ex ante payoff of the country under the convention is better than the payoff
without the convention. One might consider that countries can commit their policies by repu-
tation contracts or self-enforcing contracts in the long run. In the realty, it requires time for a
country to acquire the reputation that the country commit the policy ex post as announced ex
ante. Let us denote ex ante welfare of the country in absence of the convention as W2*¢.20 On
the one hand, if the country does not choose to ratify the convention but chooses the relationship
based on reputation, the welfare of the country is described by §W?¢_ where § is the discount
factor. The welfare of the country which dose not use the convention is discounted because it
takes time to get the reputation for the country. In other words, the country bears the cost of
time to make reputation, i.e., (1 — &)W, Tt can be interpreted a country with higher ¢ as the
country which has better reputation. On the other hand, if the country chooses to ratify the
convention, the welfare of the country is given as W% minus the expected punishment as the
above described. In the end, the participation condition that a country ratifies the convention

ex ante is as follows:
Wcmte _ (1 —p)(l _ 77)115 2 Wante _ (1 _ 5)Wante. (14)

The left hand side is the welfare of the country under the convention, which decreases by the

expected punishment. The right hand side is the welfare of the country to choose reputation,

2°We assume in this subsection that the state chooses the same level of activity a either when the state goes
into the Convention or when the state chooses the reputation system.
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which is discounted by ¢ because the country needs to take time to create the reputation. This
condition leads to be given as

(1=p)( —maS

Wantc >
- 1-4

(15)
This condition shows that the participation condition is more constrained in better reputation ¢.
In other words, this predicts that some countries, which have good reputation in the international
capital market, obtain less additional payoff by participating the convention, and as a result,
the countries do not choose to participate in it. This prediction is consistent with the fact that
in the case of the Cape Town convention the countries participating the convention include few

developed countries.?!

5 Discussion

Now let us devote a brief discussion on the effect of the Convention. As described in the above
section, the review system is considered to ensure the commitment of the contracting state
though detection if the state breach the obligation of the Convention. The time inconsistency
problem can be cleared up through the review system. The states which suffer from the time
inconsistency problem can make themselves credible by rati?cation of the Convention. By rat-
ifying the convention, the state’s policy aP*** and the probability of collateral enforcement 7
increase. Both this and analysis of subsection 3.1 result in the decrease of the transfer from

at*  om

Gy gare < 0. This is consistent with the

the entrepreneur to investors in the case of success:
empirical study by Saunders, Srinivasan and Walter (2006). They show that the airlines in the
country which ratify the Convention enjoys lower risk premium. Additionally, this result in the
model fits in with the reality of the “Cape Town discount.” In the Cape Town discount, that a
State which ratifies the Convention can use the investment with lower interest.

In addition to the review system, in order to attract a number of contracting states, the
Convention provide a device to help a state to ratify the Convention; which is called the “system

of declaration.” The system of declaration permits a contracting state to choose legal options

of the Convention among the choices the Unidroit set. Given many different legal regimes in

?*See Introduction of the paper.
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each country, it is easier for a number of countries to go into the Convention by the system.
In the field of bankruptcy procedure, it is said that the difference in legal regimes around the
world is very large and that the uniform rule in the field cannot be constructed. This system
is considered to help to loosen the ex ante participation condition of a state in the Convention
Both the review system and system of declaration made a great contribution to attract a number

of contracting countries; one has ex post effect and the other does ex ante one.

6 Concluding Remarks

This paper has explored how the Unidroit creates commitment in Cape Town convention and
how countries, in particular, less developed countries acquire credibility through the convention.
Countries which have developed less domestic capital markets are likely to act differently be-
tween ex ante and ex post or to suffer from the time inconsistency problem, and the countries
cannot access international capital markets. The Unidroit successfully creates the devices in the
convention to give the country which ratifies it commitment to fulfill the contract. In this con-
text, the convention benefits airline companies in the countries which ratify it. This is consistent
with the reality and the empirical study (Saunders, Srinivasan and Walter 2006).

There could be unpredictable accidents in international trade. For example, when the bor-
rower in the event of bankruptcy breaks the contract and the creditor goes to the court in the
country, the state which stands for the domestic parties may intervene the contract or the court.
International convention which gives the country commitment can help the enforcement of the

contract and results in lower sovereign risk.
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Administrative Performance and Legitimacy

1. Introduction

We can analyze the administrative performance of administrative agencies from a
wide variety of aspects; however, this paper forms a framework of analysis with
“legitimacy” as the keyword. The model adopted here shows that the strengths and
weaknesses of the legitimacy that each administrative agency has bring about internal
incentives and productivity improvements (or deterioration) and at the same time
leads to greater (or smaller) persuasive power and an increase (or decrease) in
receptivity in order to achieve its administrative goals in connection with the society,
and thus improves or lowers its capability to perform the task of administration. This
paper sees legitimacy formation as one aspect of achieving persuasion and organizes
each element of non-concerns and that of concerns, respectively, based on the
elaboration likelihood approach with regard to achieving persuasion. On this basis,
the paper takes up the enforcement of the Antimonopoly Act by the Japan Fair Trade
Commission (JETC), which is the competition authority, as the target of a specific
analysis and carries out a regression analysis by selecting some elements that have an

influence on such enforcement.

The results of this analysis show that resources (personnel), recognition (newspaper
articles) and achievement of results (GDP) in the elements that form legitimacy are
each related to the results of law enforcement. The proposition has been proven

partly but it is considered that each element should be further studied in future.

This paper proposes the requirements of legitimacy in Section 2, surveys trends in the
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competition authority in Section 3, carries out a specific analysis of the JFTC as a
specific subject in Section 4, makes observations using the results of the analysis as a

reference and comes to a conclusion in Section 6.

2. Trends in the competition authority

This paper takes up the competition authority JFTC as a specific subject and
discusses the relationship between legitimacy trends and law enforcement by
administrative agencies. It is considered appropriate to take up the competition
authority as a specific subject, since it is possible to carry out an analysis because the
aim of its administration is focused on particular matters and the achievement of the
goals in administrative execution is demonstrated by the legal measures taken under
the Antimonopoly Act.®

The JFTC, the only body responsible for the enforcement of the Antimonopoly Act,
which is the law regarding competition in Japan, has attracted more attention since
the Japan-U.S. Structural Impediment Initiative Talks partly because its prestige has
risen among foreign governments, partly because the repeated revisions of the
Antimonopoly Act have proudly demonstrated its means to implement policies, and
partly because the commission has been successful in prosecuting major cases. As a

result, its secretariat has achieved the role of General Secretariat. However, it is

3 The dynamics interwoven from ideas, profits and systems have stipulated a change
in the policy paradigm (from competition restraint paradigm to competition
promotion paradigm) (Yu Uchiyama, 1998). It also “respects casualness of history
and considers relativity of perception of fact,” and does not construct a general theory
but analyzes antimonopoly policies from accumulative functions and legitimate
functions and discusses the issue by considering even the difference in perception of
each actor in enhancing and revising the Antimonopoly Act.
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considered that there was “no time to discuss™ the positioning of the Commission in
the reform of Japan’s central government (ministries and agencies), and so the
Commission became an extra-ministerial bureau of the Ministry of Internal Affairs
and Communications. In terms of the practical implementation of policies together
with the appropriate enforcement of the Antimonopoly Act, the Commission has
been searching for its own position as the standard-bearer of the promotion of market

principles within the trend towards the relaxation of regulations.

In connection with the enforcement of the Antimonopoly Act, there have been more
in-depth discussions in the academic circles of economic laws in recent years since
the introduction of injunctive relief cases, and studies have been conducted on the
design of a prosecutorial system as well as leniency programs from the viewpoint of
the effective application of the Antimonopoly Act.’ It is considered that behind these
discussions lie studies on the measures to be taken to implement the present
Antimonopoly Act more proactively and to achieve reinforcement of the legitimacy

of the JFTC for the purpose of promoting competition policies.

The situation is likely to be reflected on the world competition policy situation. The
Antitrust Law, the law on competition in the US, has been historically handled both
by the Department of Justice’s Antitrust Division and the Federal Trade Commission
(FTC) as the relevant administration agencies, whose responsibilities overlap. In light
of the recent rise and decline of antitrust-related government agencies, the FTC stood

out around 1994 and 1995 but since then the Department of Justice’s Antitrust

* Kazuaki Tanaka and Akira Okada, “Reform of central ministries and agencies,”
2000, page 166.

> Japan Association of Economic Law, “Enforcement of the Antimonopoly Act,”
2001.
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Division has come to the forefront. It is considered that the reason for this is that
public hearings were held by the FTC to review antitrust policies around 1994 and
1995 and this was promoted as a reflection of public opinion, but then the
Department of Justice’s Antitrust Division took up such major cases as the case
against Microsoft and this enhanced its public recognition, while the FTC gave
priority to privacy issues, etc. and changed its focus from the field of antitrust work to
other fields. Later on, its proactive approach towards antitrust issues has been

weakened under the Republican government since 2003.

The Directorate General for Competition of the European Commission, the
competition authority in Europe, has its power from the viewpoint of its purpose,
which has much to do with the formation of the European Community in order to
promote trade within the region and, at the same time, has the actual authority as a
particular type of supra-national organization to regulate companies within the region
without involving each member country. Therefore, its authority is linked to
recognition of the importance of competition policies in the European Commission.®
In addition, it may be because the Commissioner for Competition has taken a
different attitude from that of the US in super major cases, although there are not so
many, and these have made headline news. These continue to make big news in

recent years, including the case against Microsoft.

® In addition, it may be pointed out that the reason why the European Parliament has
recently had a stronger influence on the European Commission and plays an
important role in determining policies is because it has legitimacy in its reflection of
the opinions of the people since it was chosen by election.
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3. Earlier study

There is an earlier study by Moran and Weingast (1982, 1983) that analyzes the
elements of various influences on the execution of the US Antitrust Law by the
Federal Trade Commission (FTC) among the antitrust authorities and shows that the
Congress has considerable influence.” On the other hand, the analysis explaining the
control by the Congress is only an analysis based on legal punishments and
bureaucratic subsidiarity. Such an analysis is not sufficient from the point of view of
the meaning of control and the character of the control mechanisms. There is
criticism that a quantitative analysis focusing on committees and agenda setting is not
a systematic study and such elements as the President and the courts should also be
discussed (Moe, 1987). In addition, the antitrust policies of the Department of
Justice’s Antitrust Division during the time of the Reagan Presidency showed that
there remained a greater bureaucratic influence before the election of 1980 than the
political influence of the Congress and the President. Wood and Anderson (1993),
who criticized such a theory as previous bureaucratic execution and execution
according to economic conditions, explains the performance of this execution as one
that puts the emphasis mainly on the influence of political appointees as a theory of
overhead democracy. Such a theory explains the cases of the Civil Investigation
Demand (CID) and legal action by the Department of Justice’s Antitrust Division,
using the influence of such players as the President (appointment of the chief of the
Antitrust Division and the number of personnel, etc.), the Congress (important
legislation and budgets) and the Supreme Court (important cases) as explanatory

parameters.

7 Also refers to the criticism by Muris (1986) from the viewpoint of the character of
the FTC that it is a nonmarketable organization.
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In addition, there are similar analyses that are not limited to antitrust matters such as
the analysis based on the theory of overhead democracy (Ringquist, 1995), the
analysis of the influence of the Congress on administrative bodies (Shipan, 2004), the
analysis of the influence of judicial judgments on administrative decision-making
(Canes-Wrone, 2003) and the analyses of the various factors of the President, the
Congress and the Judiciary (Wood and Waterman, 1993, Krause, 1996). Other
analyses include the explanation of various influences on administrative bodies
according to the Principal-Agent model (Downs and Rocke, 1994, Waterman and
Meier, 1998), analyses by incorporating elements of location and the regional
authority system into that explanation (Waterman, et al., 1998, Whitford, 2002) and
analyses considering popularity and complexity (Ringquist, et al. 2003).

In connection with these analyses, for example, the theory of overhead democracy
states that the people chosen by election should control the bureaucratic system by
requesting it to explain its actions by way of establishing certain procedures for this.
Whether this principle is realized in reality has been directly considered, using the
relationship between certain parameters related to execution, such as the process of
an increase in the budget or an increase in personnel — increase in execution, or
economic conditions — execution conditions, and the execution itself. An approach
like this may come close to a comprehensive consideration by increasing the number
of parameters, but it is necessary to consider the relationships among the parameters
and there is a possibility that the difficulty of assessing the systematic principle to find
out the actual movements may result in a patchwork. It is considered that the power
of execution in actual administration is organically influenced not only by the factors

related to the main administrative body, but also by the recognition of the main
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subject body in its execution and the trend in the whole society behind this.®

On the other hand, it may be pointed out that, as a result of analyses on the
enforcement of the Antitrust Law by the both offices having often been carried out in
the 1980s and 1990s, differences in the policies of execution by the FTC and the
Department of Justice’s Antitrust Division and differences in the influencing
elements have been recognized. It is considered that, later on, the introduction of
leniency and aggressive control under the administration of the Democratic Party
occurred and the focus shifted from the analyses of organizational theory to the
analyses of the actual law enforcement. On the other hand, analyses based the
economics of (philosophical) execution under certain economic conditions are made
more profound in consideration of the attempts to look for the most appropriate
methods and measures for implementation (Besanko and Spuluber, 1989, Cyrenne,
1999, Souam, 2001, Harrington, 2005).

4. Constituent elements of legitimacy

Based on these earlier studies, this paper utilizes the definition of the legitimacy mode
related to the administrative execution by the administrative agency as that the
“improvement of the legitimacy of the administrative agency leads to the effective
administrative execution.” In addition, in connection with the constituent elements of
legitimacy, we pick up some elements from two cases: when the motivation for the
content treatment is high and when attitudes are changed with regard to marginal

phenomena, and observe the influence of this on the administrative execution in each

¥ The germ of this systematic analysis is seen in the analysis made by Krause (2008),
who makes an analysis based on risk preference (fondness for risk/avoidance of risk)
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case.

The high level legitimacy that the organization has in carrying out administration will
create “motivation,” improve the power of persuasion and increase internal
productivity, and externally contribute to the accumulation of information and lead to
the earlier termination of the resistance of the opponent, and so it is possible to carry
out policies more efficiently and effectively at the time of the actual implementation
of the policies. This is a natural view of things but there have been only a few studies
that try to verify these influences by analyzing the background to the administrative
performance with regard to its constituent elements based on the theoretical model,
and it may be positioned as a trial for elucidating the actions of a group that is not
based on the profit motive, in addition to being an analysis of the implementation of

policies by the competition authority.

The models regarding the process of persuasion at the stage of the achievement of
persuasion in Communication Theory include the Attribution Theory Approach, the
Heuristic Model and the Elaboration Likelihood Model. The Attribution Theory
Approach discusses deduction of the reason for persuasive actions, the consistency of
the behavior of the sender, the correspondence with other information sources and/or
the reliability of the content of the persuasion in forming the attitude of persuasion.
The Heuristic Model states that people do not discuss the persuasive messages fully
in their daily life and sometimes judge such messages by non-essential and marginal
hints mainly by technical checks and impressions based on likes or dislikes. In
addition, the Elaboration Likelihood Model, that integrates both of these models,

states that the process of the detailed study of the contents arises when the motivation

of the main administrative body.
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to process the contents of persuasive communication is high, while heuristic
information processing is induced when motivation is not sufficient. This model is

the basic analytical model with regard to forming attitudes today.”

The way of thinking that people try not to spend much on a matter that does not have
much influence on them and expend costs on a matter that has much influence on
them at the stage of forming an attitude may also be considered to be an
economically reasonable action that tries to make the marginal costs equal to the

marginal benefits.

We consider the transition of legitimacy to be the formation and transition of attitude
and organizes the requirements based on the Elaboration Likelihood Model in social
psychology. In other words, in connection with legitimacy, we see it from two
aspects: when the motivation to process the contents is high and when the attitude is
changed according to marginal phenomena, and identifies some factors for each case

and observes their influence.

When administrative implementation is a major concern of the parties involved, we
consider that the factors of an attitude change are “resources” and the “rate of
reflection.” More specifically, at the stage where people are deeply committed to the
policies in reality, they examine carefully and investigate minutely the contents of

persuasion and form an attitude after fully considering their merits, and the amount of

% The elements related to persuasion have been discussed from many aspects
including the process of messages to be learned, the logic of possibility and expected
value, and the theory on the inconsistency of recognition. Petty and Wegener,
“Attitude Change: Multiple Roles for Persuasion Variables,” Gilbert, Fiske and
Lindzey, “The Handbook of Social Psychology,” 1998, Chapter 8, P323.
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the resources to prepare for, implement and actuate the influence plays an important
role in attitude formation. In addition, we also consider that, for those who desire to
be positively involved in some form, the existence of their measures and the
reflection of their opinions in the process have much to do with legitimacy in terms of

attitude formation.

On the other hand, in connection with administrative execution by the administrative
agency, the author of this paper considers that the elements of a marginal attitude
change in legitimacy formation for those who are not much concermned about the

EENT3

policy execution include “professionalism,” “recognition” and “results.” The author
sees that through these elements people form their attitude toward marginal
phenomena to themselves not based on the message contents but based on the
professionalism, attraction and the volume of discussion of the sender. It is presumed
that, in connection with matters that people are basically not deeply related to, people

do not expend costs on making a judgment and decide their attitude toward the object

based on information that is easily available.

O The “rate of reflection” means to determine whether or not their opinions are
reflected in the matter when those who are deeply involved in a certain policy
form their attitude and it concerns the ability to adopt public opinions in politics
and the conditions for arranging the procedures to adopt those opinions. They try
to adopt the idea of the “public” model that feedback effects of positive opinions
further lead to acquiring legitimacy in a sense that the positive opinions of those
who feel themselves as a majority play an important role in forming public

opinions."

1% The case where a certain matter is considered to be “right” is discussed by the
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O “Resource” means to consider that the amount of resources that create influence

when we achieve persuasion of those who are deeply involved in the matter in
reality as one of the elements of having an influence on the main party of
legitimacy."" In addition to the aspect that is considered to be the elements of
legitimacy, there may be another aspect where the government agency tries to
maximize itself (the aspect where it tries to expand resources) in its particular
development and under its historic conditions since the agency itself has a
restraint on its ability to process information and has individual interests and
incentives, but in this paper we consider the direction where the amount of
resources is considered to be the element that secures orthodoxy. In addition, in
cases where the amount of the resources gives an adverse impression, inefficient

conditions or the image of this may have a negative impact on legitimacy.

“Professionalism” is not only widely recognition of the fact that the purpose of its
activities contributes to the public interest, but also awareness of the fact that it
has an independent existence and it can take consistent action. We consider that
the fact that the matter is particularly discussed by professional persons or there is
the formation of an honorable image is an important factor with regard to the

heuristic aspect of legitimacy. In the political analysis method, legitimacy is

Emergence Norm Model (development and norms of common consciousness) and
the “Public” Model for forming public opinions (the effect of the opinions of those
who feel themselves as a majority (Die Theorie der Schweigespirale)). (Noelle
Neumann, “Die Theorie der Schweigespirale,” 1997).

' To realize this, from the legal point of view, legitimacy is discussed in light of the
theory on the legitimacy of the legislation with respect to its procedural
appropriateness, as well as the formal law source and common law source as the
source of the law and the legality of each. (Hiroshi Shiono, “Administration Law I,”
1991)
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analyzed using such impressive elements as charismatic control, long-term
existence and manipulation using the symbol of an authoritative government or

country and these are applicable to this category.

O “Recognition”” means that the existence and actions of the administrative agency
are recognized by the public. It is a way of thinking in which the volume of
information and the volume of discussion are the elements that form people’s
attitudes. In this paper, we consider that one of the basic constituent elements of
legitimacy to be formed is the rate of information throughput in light of the
recognition by the system in social psychology (recognition of the present
evaluation, future expectations and a change in majority opinions or public
opinions) and the attribution theory approach.” On the other hand, these aspects
can involve two cases: one is a positive case to improve legitimacy supported by
many people’s recognition of achievements and the other is a negative case

mainly due to the exposure of scandals.

2 Max Weber divides control supported by legitimacy into three categories: legal
control, traditional control and charismatic control. Max Weber, 1972, “Wirtschaft
und Gesellschaft,” 1972, and Takashi Inokuchi, “Dictionary of Politics,” 2000,
(“Legitimacy,” Page 619, by Toshiaki MitomalT .

13 In addition, it is pointed out that the following necessity of support by the people
within the government and the nation prescribes the evaluation regarding policies
(Yoshiro Miwa, “Capability of the government,” 1998, Page 183):

“With regard to the purpose to be achieved, in circumstances where they cannot
obtain a consensus from the people within the government and across the country
and cannot obtain a clear support based on this, the content of the determined policy
lacks real substance, the available means to implement measures are limited and the
execution of the authority of the government including the authority granted by the
law is under substantially strict control. As a result, the effectiveness of the policy
becomes extremely limited even in the light of technical operability.”
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O “Results” (achievement of the purposes) means to consider legitimacy from the
heuristic aspect by seeing if the activities of the administrative agency achieved
appropriate results in reality and at the same time whether some desirable
circumstances are realized in the general economic and social environment that
may not have a direct connection to the activities of the agency. This means good
governance,'* and corresponds to cases where legitimacy is confirmed by the

results of growth through fair reward."

Of course, it is considered that each element, for example, has the potential for its
reflection in the process to be reduced as professionalism increases and each element
has a correlation, but each of the above elements can be clearly typified. The
approach is easy and the relationship between the elements is considered to be not so
strong. Since we can deal with the elements as mutually independent variables, this

paper takes up these elements as the constituent elements of legitimacy.

5. Analysis

" Some have pointed out one of the three related views: correspondence with the
established rules, acceptability of the rules by the general public and realization of the
public interest (Takeshi Sasaki, “Lecture on politics,” 1999).

"5 Ttis considered that the effectiveness of the government related to the promotion
of efficiency by private coordination is not just a matter of course, as pointed out that
fair reward when the results of growth are shown has led to the establishment of
legitimacy (“Economic development of East Asia and the role of the government”
edited by Masahiko Aoki, Jin Ying-ji, and Masahiro Okuno-Fujiwara, 1997: Preface
to the Japanese version and page 44). The analysis of the quantification of the central
bank system and an international comparison of economic performance is also a
good reference when analyzing the economic and institutional elements to achieve
legitimacy of the independence of the central bank (Hiroshi Fujiki, “Financial
markets and the central bank,” 1998: See Chapter 5 in particular.)
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Based on the anecdotes outlined in Section 2, the following actual analysis forms a
basic model for the relationship between an administrative agency stating that “The
improvement in the legitimacy of the JFTC leads to the effective enforcement of the
Antimonopoly Act” and its implementing policies. In connection with this
proposition, the following section verifies the influence of each element based on the

estimated formula modeled using the elements of 2 (2).

) Variables

In connection with the proposition that “The improvement in the legitimacy of the
JFTC leads to the effective enforcement of the Antimonopoly Act,” this section
discusses the variables representing each element of legitimacy as seen above and
measures for the realization of the administrative performance based on this under

the circumstances of law enforcement.

With regard to functions created by legitimacy, if the legitimacy of the JFTC, as the
agency that implements the Antimonopoly Act, is heightened, it will internally
improve the motivation of the staff members and increase their productivity, and
externally help collect and accumulate information on bid-rigging and lead to the
earlier termination of resistance by violators of the law and a further increase in
resources, and, as a result, this will lead to the positive enforcement of the

Antimonopoly Act.

For this purpose, the following proxy variables are taken up.

1 Rate of reflection (public hearings, guidelines, etc.)
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2 Resources (budget, personnel, means, etc.)

3 Professionalism (independence, history and professionalism of the
administrative agency, demographic of the legal professionals, the nobleness
and faithfulness of purposes, etc.)

4 Recognition (volume of newspaper articles, agreements with third parties,
volume of speeches, theoretical support, etc.)

5 Achievement of results (number of cases, GDP growth rate, amount of the

penalties, rate of jobless people, etc.)

On the assumption that, with the results of these five elements of one term before (the
previous term) as the basis, the legal enforcement of the Antimonopoly Act in the
current term is being carried out, the influence of each element is evaluated and the

relationship between the legitimacy transition and law enforcement is estimated.

With regard to the rate of reflection, it may be necessary to consider the number of
guidelines for adopting the procedures for public comments in hearing of opinions,
but rather than this comparatively new method, this paper focuses on one of the
traditional means of formulating policies, namely the circumstances of holding a
study meeting as an opportunity for opinions to be reflected in policy. In addition,
whether there is a division that conducts hearings professionally or not, the number of
the cases of declarations, etc. will be related to the reflection of opinions. More
specifically, the number of study meetings held in each year is examined by using the
history of the 50 years of policies for implementing the Antimonopoly Act and the
annual reports of the JFTC.

With regard to the index of resources, the number of personnel and the budget of the
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JFTC are examined. Here, it may be considered that one element is whether they
have such a system as the authority and means related to the enforcement of the
Antitrust Act, in other words, if they have the authority to implement the Act, but this
issue has not been discussed because of difficulty of its quantification. More
specifically, the number of personnel in each year is examined by making use of the
history of 50 years of policies for the implementation the Antimonopoly Act and the
annual reports of the JFTC.'¢

With regard to proxy variables showing professionalism, we may consider the degree
to which the enforcement agency for the Antimonopoly Act is institutionally
independent from other administrative bodies, the length of the history of the agency
and if the purposes of the agency have penetrated as an article of faith. However, we
focus on the volume of related professional books and magazines as the numerical
value typically indicating professionalism. More specifically, we examine the total
number of literature references in which “the Antimonopoly Act” and “the Japan Fair
Trade Commission or JFTC” are cited each year by making use of the information
database (books) located in the information search service list of the National Institute

of Informatics."”

With regard to proxy variables of recognition, we would like to quote the volume of

1 The general secretariat of the Japan Fair Trade Commission “The history of 50 years of
policies of the Antimonopoly Act” Fair Trade Association (1997), “Fair Trade” Fair Trade
Association and each issue of the “Annual Report” the Japan Fair Trade Commission, and
http://www jftc.go.jp/pressrelease/01.may/01051604.pdf

17 With regard to books stored by libraries and book rooms of universities, etc. in Japan, this is a
database recording book details including the title, author, publisher, etc. and the names of
libraries and book rooms that keep them, as well as the call marks, etc. Each library and book
room makes a list and roughly within one week it stores such data, and so it is possible get the
latest information. Refer to http://webfront.nii.ac.jp/ and
http://www.nii.ac.jp/ir/dbmember/bcat-j.html
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newspaper articles. In addition, the level of recognition may include the number of
speeches by the executing agency, the number of papers related to the antitrust issues,
the amount of exposure in magazines and books, etc. Another reference is how often
the JFTC is quoted in the debates of the Diet. More specifically, this paper examines
the total number of articles in which “the Antimonopoly Act” and “the Japan Fair
Trade Commission or JETC” are cited each year by making use of the Nikkei search
service covering four newspapers through NIKKEI TELECOM 21."®

It is considered that, as for the rate of achievement of the results and purposes, the
general legitimacy of the government and executing authorities increases during
economic boom periods and decreases during recessions, and so this paper considers
how the GDP growth rate has an influence on legitimacy regardless of the
relationship between the direct enforcement of the Antimonopoly Act and business
conditions. The Antimonopoly Acts states that “the purpose of this Act is, by
prohibiting private monopolization, the unreasonable restraint of trade and unfair
trade practices..., to promote fair and free competition, to stimulate the creative
initiative of entrepreneurs, to encourage business activities, to raise the level of
employment and actual national income, and thereby to promote the democratic and
wholesome development of the national economy as well as to assure the interests of
the general consumers.” Judging from the purpose of this Act, we may discuss the
jobless rate. In addition, we may use the number of cases, the amount of the penalties,
etc. as indexes of the results from the viewpoint of direct law enforcement by the
JFTC. Here in this paper, more specifically the GDP growth rate for each year is

used.”

18 Refer to http://telecom2 1 .nikkeidb.or.jp/home/ and
http://telecom?21.nikkeidb.or jp/pub/guide2/skill/vol_04.shtml>s
19" <http://www.esri.cao.go jp/jp/sna/menu.html>
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With regard to dependent variables derived from these, we may consider the number
of legal actions, the number of the cases handled or the amount of the penalty or the
budget or the number of the personnel as indexes of administrative execution due to
heightened legitimacy. We consider that one of behavior patterns of the JFTC
appears in the maximization of case handling in executing the Antimonopoly Act.
Here in this paper, more specifically, we examine the number of legal executions in
each year by making use of the history of 50 years of the policies of the
Antimonopoly Act and the version of the annual reports of the JFTC for each year.

Making use of these databases, the number of legal actions (Legal Actions) or the
number of cases handled (Cases Handled) for the following year were estimated,
judging from the number of study meetings (Study Meetings), the number of
personnel and the budget of the JFTC (Personnel and Budget), the volume of
professional books (Books), the volume of newspaper articles (Newspaper Articles)
and the GDP growth rate (GDP) of a certain year. Since the articles are the most
limited in terms of the amount of data, we used the data for the period from 1975 to
2000 (for legal actions, the period from 1976 to 2001).

log LegalActions = o + [3 jlog StudyMeetings + 3 ,log Personnel + 3 ;log
Buget

+B sog Books +[3 slog NewspaperAtticles +[3 ¢log GDP +[3 slog
LegalActions(1) +€

(Each ofp 1~ 7is an estimated coefficient and € is a residual error.)

The statistics for each description are as follows:
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Chart 1: (1975-1999, and for legal actions 1976-2000)

Newspa
Study
Personn | Budget perArticl | GDP Legal
Meetin ] Books )
el (million es (billion | Actions
gs (copy)
) (person) yen) (number | yen) | (cases)
(times)
Averag 37997.
30.36 460.8 3,533 2424 948.12 19.64
e 53
Standar
d 8713.1
o 13.966 | 50.562 1,310 | 8.8613 | 530.107 9.9627
deviati 92
on
Chart 2:
[« 8 [s |8 p_ls s B
estimation Number of examinations 25
Coefficient 0.609 0218 12935 7402 | 0388 | 0670 6389
Standard error 8234 0317 4996 2833 | 0375| 0328 3419
T value 0.074 -0.688 2.589° 2613 1034 | 2.039° 1.869"
Correction R2 0482 Standard error | 0467 Significance F 0.00469°
estimation with Legal Actions(1) Number of examinations 24
Coefficient 2521 0.083 14.079 6822 | 0297| 0561 5014 0.103
Standard error 9229 0382 6251 3315|  0413| 0426 4.141 0285
T value 0273 20218 2252° 2058 | 0719 1319 1211 0362
Correction R2 0457 Standard error | 0.488 Significance F 0.0132°
estimation without StudyMeetings Number of examinations 25
Coefficient 1.147 14.141 7336 | 0442|0664 5496
Standard error 7721 4613 2792 | 0362| 0324 3.119
T value 0.149 3.065° 2628 | 1220  2052° 1.762"
Correction R2 0497 Standard error | 0.460 Significance F 0.00217°
estimation without books Number of examinations 25
Coefficient 2973 0286 13.640 -7.295 0780 6.100
Standard error 7.925 0310 4958 2.836 0311 3413
T value 0375 0921 2751° 2572° 2.506° 1787
Correction R2 0.480 Stan%ﬁtmr 0468 Significance F 0.00286°
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(a: 10% significance, b: 5% significance, c: 1% significance)

¥)) Results of the analysis

We will discuss the regression analysis of the above table thus derived. It can be used

as a reference to organize the correlation of the concepts.

The coefficient of determination after correction of the degree of freedom becomes
0.482 and the significance F becomes significant at the level of 1%. Judging from
this, we can presume that each of these independent variables has an influence on
legal actions of the following year when the independent variables become

dependent variables.

The coefficient of Study Meetings is negative and the t value is small and so we may
interpret that there is little relationship. In other words, we can see that the holding of
a Study Meeting has hardly any role in taking legal actions. It may be necessary to
elaborate the proxy variables related to the rate of reflection, or the rate of reflection
may not have much influence on the effective enforcement of the Antimonopoly Act.
The similar can be said about the relationship with the professional Books, since a

significant relationship cannot be obtained.

Significance level for Personnel is significant at the level of 5%. As expected, we can
see that there is positive correlation for these (except Budget). In addition, the
significance level for Newspaper Atticles and GDP is low (below 10%) but they

have a certain positive coefficient and we cannot dismiss the possibility that they
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have a positive influence on the increase in the capability to carry out office duties
related to legal actions. However, Budget has a negative significant coefficient and so

it may be necessary to elaborate further on the proxy variables.

Because our dependent variables for legal actions are seen from the number of the
cases, which represents one per case regardless of whether the case is large or small,
it is difficult to connect it to a causal correlation with a high degree of explanation. In
terms of independent variables, for example, the number of articles is simply
interpreted to have such a positive influence as to evaluate their related activities and
lead to higher legitimacy, while ignoring the possibility that they could have had a
negative influence. We can say that our research was an analysis to try to see rough
correlations or vectors through birds-eye views. Under such circumstances, we
succeeded in finding correlations in the same direction as seen in the proposition and
we can say that we found a certain value in the direction of verification although
there is further room for us to elaborate on how to select variables and the data at the

micro level.

In addition, we have also looked at the number of all the cases handled, instead of
legal actions, as dependent variables. However, we can say that these variables have
not had much influence on the number of the entire handled cases, since the
coefficient of determination is low, the Significance F is large, and each variable is

not so good in terms of its application and does not meet the indicator conditions.

6. Observations

Judging from the results of the analysis on the legitimacy of the competition authority
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and its law enforcement that has been taken up in this paper, it is considered that the
expansion of the volume of exposure and the promotion of professional studies to
heighten the legitimacy of the JFTC have some relationship with the positive
enforcement of the Antimonopoly Act. However, the results of this analysis do not
immediately lead to, for example, such a policy recommendation as the need for
improvements in public relations. For this purpose, it will be necessary to conduct
another analysis on how the legitimacy of the JFTC is acquired. For example, it is
considered necessary for us to collect and organize descriptive discussions on
individual cases such as the possibility that the debate quoted in the form of the need
for Article 3 Agency of the JFTC-type Administrative Organization Law has an
influence on the independence of the JFTC. However, as the past empirical rules
have shown,” it is presumed that the improvement of legitimacy accompanied by
the detection of and prosecution of major cases has a positive influence on the

enforcement of the Antimonopoly Act in many respects.

In addition, this can be seen from the actual trends in the competition authority of
each country. As can be seen very clearly, the power of enforcement of the Antitrust
Law that the US Antitrust Offices have in particular gives the impression that there is
improvement in recognition thanks to the prosecution of major cases such as the
Microsoft Antitrust Case and these have a positive influence with respect to the rate
of reflection and resources as a result of the heated debates across the US that led to
improvements in legitimacy and strengthened the general enforcement of the

Antitrust Law at that time.

% Roundtable discussion “On recent cases of violation of the Antimonopoly Act”
remarks by Secretary General Itoda “Fair Trade” No.513[] July 1993 issue etc.
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7. Conclusion

When we observe the relationship between the administrative performance and
legitimacy based on an individual analysis such as this, first of all, we still have to
take up the rate of reflection even in the above analysis and it is pointed out that it
may be difficult to apply the aspect of the rate of reflection to the legitimacy of the
administrative agency due to its scheme. This is because it is considered that, when
an administrative agency and a legislative agency are compared, out of the five
aspects of legitimacy noted above, resources (personnel), recognition (newspaper
articles) and achievement of results (GDP) are important for the administrative
agency and the rate of reflection is not so important for the legislative agency as the
source of legitimacy, judging from the basis for their existence. If we continue with
this presumption, for a person who is deeply involved in a project, the expectation

regarding the rate of reflection in the legislative agency may be heightened.

If we view this anecdotally, it is possible to find materials to explain the struggle for
legitimacy between the administration and politics in carrying out policies, and the
transition in the capacity for the implementation of policies against the background of
arise or decline in legitimacy in such cases as a shift to political power due to a rise in
the number of lawmakers with vested interests backed up by bureaucratic strength
with professionalism, and the incidence and detection of scandals and reform
movements regarding the bureaucracy which determines policies apparently
characterized as less likelihood of opinions being reflected in the policies. The
viewpoint of the analysis of the legitimacy of the execution agency in law
enforcement that has been expressed in this paper will be useful when analyzing the

administrative performance by administrative agencies or discussing effective policy
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formulation in future.

In addition, future tasks may include a further study of constituent elements of
legitimacy, a more detailed analysis of each element, and discussion on forming a
model that includes what is called a self-assertive way of thinking in which the
administrative agency itself takes action that takes into consideration the expansion of

its own legitimacy when it carries out administration.
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The purpose of this paper is to examine the wealth effect hypothesis on lawyer’s
fee expenditure which was posed by Landes(1971). Further the wealth effects in both
the American rule and the English rule are compared.

A key assumption is that the utility function of a litigant is CRRA (constant rate of
relative risk aversion), and he takes expected utility maximizing behavior.

Our main conclusions are: (1) the wealth effect could be either positive or negative
in the American rule, but it is always positive in the English rule. (2) Ceteris paribus,
wealth elasticity in the English rule is larger than that of the American rule. In a
typical case (a=W/Z=10, k=1, x=R/Z=0.3, € =10), the wealth elasticity in the
American rule is [10.01247 [J 0.0011, while in the English rule it is [10.0353. (3)
Both rules have the following common characteristics: the more risk averse is a
litigant or the smaller is his wealth-damage ratio, the larger is the elasticity of the
wealth effect. Especially, if he is risk neutral (k=0), there is no wealth effect.

Our conclusion will explain well the empirical finding by Landes (ibid, p. 101) that
“Convictions leading to prison sentences were lower in districts where estimates of
average wealth were higher, while convictions resulting in monetary fines were
greater where average wealth was higher.” In the case of a prison sentence, a=W/Z
will be very small (because Z is very large) and defendants will be very risk averse.
Therefore the wealth elasticity becomes very large. Thus wealthier people invest
more money and obtain a higher winning probability (or shorter sentence). On the
other hand, in convictions leading to monetary fines, wealthier people will be less
risk averse and a=W/Z is very large. Therefore, wealthier people will spend less and

accordingly the conviction rate will be higher.
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1 Introduction

With the emergence of new computer technologies, illegal copies of copyrighted goods are
becoming increasingly easy to create and obtain. According to the Japanese Association of
Copyrights for Computer Software (ACCS, 2004), about 16.1 million music files worldwide
are exchanged annually by peer-to-peer software such as Napster and Gnutella, and 92% of
these files are exchanged without the copyright holder’s permission. The illegal use of copy-
righted goods has also increased in other media markets. England’s International Federation
of the Phonographic Industry (IFPI, 2006) reports that the global traffic in pirated products
amounted to US$4.5 billion in 2005. More than one-third of all music discs purchased glob-
ally are illegal copies. The U.S.A. Business Software Alliance (BSA, 2006) estimates that
in 2005, the illegal software market caused about US$34 billion in damages. Similarly, the
Motion Picture Association of America (MPAA, 2006) reports that damages in 2005 due to
movie piracy reached US$6.1 billion. Illegal copies decrease the producer’s profit. Copyrights
act to protect this profit, which in turn maintains the incentive for producing creative works.
Copyrights essentially grant the right holders exclusive use of their goods, and can be used

to legally force others not to use copyrighted goods without permission.

A person whose copyright is violated can pursue legal relief, but the burden is placed on
copyright holders to actively enforce their rights. If a right holder discovers illegal copies of
his work on the market, he can enforce two penalties. First, the right holder can demand
financial compensation for damages under civil law. In the U.S.A. there are two types of
compensation: actual damages (to profits), and statutory damages. Actual damages are
quantifiable losses suffered by the copyright holder as a result of the infringement. Statutory
damages are proportional to the number of works copied. In the U.S.A., statutory damages
range from $750 to $150,000 per work (U.S.C. §504(c)). A second option is for the right
holder to punish offending parties under criminal law. The maximum criminal penalty for

copyright infringement in the U.S.A. is $500,000 in fines, five years in prison, or both (U.S.C.
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§506).

As mentioned above, the government and the right holders have different roles in protect-
ing a copyright. It is the producer’s responsibility both to monitor illegal use and assume the
cost of monitoring. The government’s role is to decide the size of the civil and/or criminal
penalty imposed when an infringement is brought to its attention. The purpose of this paper
is partly to determine which of the two copyright protection schemes is optimal under this

division of roles.

The number of criminal cases involving illegal copies has steadily increased along with the
number of copyright infringements. One high-profile example is Japan’s filing of criminal
charges against the programmer of the “Winny” peer-to-peer file sharing software. The
European Commission has proposed a law that could allow criminal charges to be pressed
against businesses using software believed to infringe upon another company’s intellectual
property. However, it is not clear how these criminal penalties will affect the public welfare.
This paper considers the optimal level of the penalty, and whether criminal law or civil law

should be used to protect copyrights.

There are two sides of the issue to be considered. With respect to the optimal penalty,
note that any copyright protection policy has two contradictory objectives. One the one
hand, it has to reward producers and provide a reasonable incentive to create new works.
On the other hand, copyright protection that is too effective will grant producers monop-
olistic power and damage the social surplus. This tension amounts to a trade-off problem
which must be solved when designing an optimal copyright protection scheme. The second
matter to consider is which penalty scheme is more desirable from the social point of view.
If the penalties are enforced under civil law, then illegal users will have to pay damages to
compensate the producer. Under criminal law, the government collects the penalty. Increas-
ing either penalty tends to prevent illegal use and reduce the surplus of illegal copies. A

high penalty thus decreases the producer’s monitoring cost. On the other hand, producers
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will tend to set a higher price when the penalty for infringement is high. It is thus not clear

what the optimal penalty level should be.

The producer’s strategy, which consists of its pricing and monitoring policies, depends
on the penalty scheme. As mentioned above, a copyright holder can prevent copyright
infringements under either kind of penalty. The main difference between the two legal
schemes is who obtains the compensation; producers recover damages under civil law but

not under criminal law.

We obtain the following results. First, we find that government should set the penalty
to either zero or to a level such that the producer’s profit from infringement becomes zero.
Next, we compare the two copyright protection schemes. We show that in terms of the social
surplus, civil law is preferable to criminal law when the cost of development is high. When

the cost of development is low, however, it is better to apply criminal law.

The literature on copyright protection can be divided into two groups, which will be re-
viewed and related to the present work in turn. The first group considers optimal government
policies, and includes the works of Novos and Waldman (1984), Johnson (1985), Conner and
Rumlet (1991), and Yoon (2002). Novos and Waldman (1984) and Yoon (2002) consider
the social impact of increasing the marginal cost of illegal copies through government pol-
icy. Yoon (2002) also discusses the effect of copyright protection on society, concluding that
there are only three optimal solutions: (i) no protection, (ii) a level of penalty such that
the producer’s profit is zero, and (iii) full protection. Johnson (1985) studies the effect of
imposing a tax on copying and granting a subsidy for original purchases, and shows that
illegal copies are harmful to the social surplus. Conner and Rumlet (1991), on the other
hand, show that not protecting copyrights at all could be the best policy in an environment

with positive network externality.

The present paper differs from the above works on several points. First, we take into

account the fact that the government and the producer play different roles in protecting the
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copyright. Second, previous research implements government policy as an increase in the
marginal cost of making illegal copies. This paper assumes only that the government sets

and imposes a penalty on illegal users.

A second group of researchers considers the actions taken by right holders to prevent
illegal use and other forms of non-governmental protection. Yooki and Scotchmer (2004),
for example, analyze joint initiatives taken by the business community to develop new tech-
nology preventing illegal copies. Arai (2005) discusses copyright protection measures taken
by associations of original producers. These authors do not consider actions taken by the
government in their work, however. This paper is concerned with both the right holder and

the government.

The paper is organized as follows. Section 2 sets up the basic model. Section 3 considers
the optimal producer strategy under a civil penalty. Section 4 considers the optimal producer
strategy under criminal law. Section 5 then discusses which protection scheme is better from

a social point of view. Section 6 concludes. All proofs are given in the Appendix.

2 The Model

We consider a monopolistic market for copyrighted goods such as compact discs, videos,
computer software, etc. The consumer valuations v; of the goods are uniformly distributed
on the interval [0,1]. Each consumer wants to buy at most one unit. If consumer ¢ buys
the original good at its retail price p, his utility is given by v; — p. Consumers also have the
option of making illegal copies at no cost. As illegal copies are generally of lower quality
than the original goods, the consumer’s valuation of the copy is given by awv;. The constant
a (0 < a < 1) represents depreciation of the item’s quality. To prevent illegal use, the
producer can monitor consumer activity. The producer’s monitoring cost function is given

by ¢(s) = ks?(k > 0), where s is the probability of detecting a given illegal user. We assume
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that %k is high enough that the cost is significant. When an illegal use is detected, the
consumer is punished by a penalty g set by the government. We present a multi-stage game
model to consider the optimal copyright protection scheme in this monopolistic market. The

three stages of the game have the following rules:

1. The government chooses a penalty level g > 0.

2. The producer decides whether or not to produce the goods at a fixed cost F' > 0.
If the producer decides to produce the goods, he chooses a price p and a monitoring

probability s.

3. Consumers decide whether they will buy the original product, make an illegal copy, or

do nothing.

We consider both civil law penalties and criminal law penalties. Under civil law, the
producer obtains the penalty paid by illegal users as a part of their profit. Under criminal
law, the government collects the penalty. The government’s goal is to maximize a social
surplus function (the consumer and producer surplus) by setting the penalty for illegal use
at the correct level. We analyze the subgame perfect equilibrium by backward induction.

First let us consider the consumers’ behavior.

Lemma 1

Given a penalty g, price p and monitoring probability s, the optimal choice of consumers

is not to obtain the good if and only if
v; < p,v; < 59
a
Consumers will make a illegal copy if and only if

S — S
v > f‘q.,w <2 g-,
« 11—«
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and will buy the original good if and only if

P59

v 2 P, > -

A consumer’s behavior thus depends on his valuation of the good, the price, the quality
of an illegal copy, and the expected penalty. In the first case, consumers will ignore a good
when their valuation of the original is lower than the price p and their valuation of the illegal
copy is lower than the expected penalty sg. In the second case, the utility of making illegal
copies is positive and higher than the utility of purchasing original goods. In the third case,
consumers prefer original goods to illegal copies because the utility of purchase is positive
and higher. Producers choose the price p and monitoring rate s at the second stage. We

consider their strategy in the next section.

3 Civil law penalty

We define the producer’s strategy as S = {(p,s) [p > 0,1 > s > 0}, where p is the price
and s is the monitoring probability. For convenience of analysis, we divide the strategy space

S into two sub-classes: S1 3 {(p,s) |s < ap/g} and S> 3 {(p,s) |s > ap/g}.

For every strategy (p,s) € Si, it holds that sg/a < p < (p — sg)/(1 — «). When
the producer employs a strategy in sub-class S, Lemma 1 predicts the consumer behavior

illustrated in Figure 1.

Not consume Illegal copy Buy

[l
1

0 59 p—sg 1
a

Figure 1: Consumer behavior under strategies in sub-class S;

Consumers with valuations larger than (p—sg)/(1—«) buy the original goods, those with

261




SEEHEEREE 20085E (F6d) =EXS

valuations between sg/a and (p — sg)/(1 — ) make illegal copies, and those with valuations
less than sg/a do not consume. The demand for goods D, and the demand for illegal copies

D, are thus given by

P=% p=07%_% (1)

D,=1-—
11—« 11—« «

From Equation (1), we also obtain the producer’s profit 7 as

p—sg9 p—s59 89 2
=p(1— s ~ ¥y ks F.
= p( l—a)+Sg(1—Uz ()z) s

The first term in this equation represents sales, and the second term represents penalties
collected from illegal users. The next lemma shows the optimal output in sub-class S; under

civil law.

Lemma 2

Assume that the producer’s strategy is restricted to sub-class S1. When goods are to be

produced, the profit of the producer under civil law is mazimized by the choice

1 ka® o ag
2 224 ka) TN 2(g2 +ka)

P =

Under this strategy, the profit of the producer is

1 ka?
- __ M p 2
=17 Ug + ka) )

When 77 is negative, no goods will be produced.

For every strategy (p,s) € Ss, it holds that (p — sg)/(1 — a) < p < sg/a. When
the producer employs a strategy in sub-class S, Lemma 1 predicts the consumer behavior

illustrated in Figure 2.
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Not consume Buy

] ]
I 1 Vi

0 p 1
Figure 2: Consumer behavior under strategies in sub-class Sy

Consumers whose valuation is greater than p will buy the original goods, while those
with valuations less than p do not consume the goods at all. The demand for goods D, and

the demand for illegal copies D, are thus given by

Dy=1-p, D.=0. 3)

From (3), we obtain the producer’s profit

7y =p(l—p) —ks*—F.

The original producer will maximize his profit subject to s > ap/g. The next lemma shows

the optimal output in Sy under civil law.

Lemma 3

Assume that the producer’s strategy is restricted to sub-class Sy. When goods are to be

produced, the profit of the producer under cwil law is maximized by the choice

2

p= 9 o — ag
2722+ ka?) P 2(g2 + ka?)
Under this strategy, the profit is
e
r=————F 4
"7 4P + ka?) )

When 73 is negative, no goods will be produced.
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The iso-profit curves of the strategy space are depicted in Figure 3. The straight lines are
loci of strategies that maximize profit with respect to price and monitoring rate in the sub-
class S;. It follows that the producer’s profit in sub-class S; is maximized at their intersection
A. In sub-class Ss, the maximum profit is obtained at the intersection of s = ap/g and

Omy/Op = 0. The next proposition shows that the larger optimal profit is in 5.

p
amy
o
_59
P=1
B
om _
s
0 S

Figure 3: Iso-profit curves under civil law

Proposition 1

The profit of the producer under civil law (over the whole strategy space S) is mazimized

by the choice

where illegal copies may exist.

This proposition shows that the producer will choose a strategy in S;. Choosing a strategy

in Sy greatly increases the circulation of the work, so the profit from illegal users can easily
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outweigh the cost of monitoring. Essentially, the producer accepts that fewer consumers will
pay for the good in exchange for the profit to be obtained from all the consumers infringing

the copyright.

We now consider the optimal penalty level against illegal users under civil law. The
government chooses the penalty to maximize the social surplus, which is defined as the sum
of the producer surplus and the consumer surplus. If the producer chooses not to create
goods, the social surplus is zero. Otherwise the social surplus is given by

1 ka? z ag? 1 1 ka?
SW(g) :7—7—F+/ , (au—%)dv-&-/ (1)—5-&-2(7)(11,1

4 4(g? + ka) 2(g? + ka 9% + ka)

9
2(g2+ ka)

_3+a  ag’(g*+2ka)
-8 8(g? + ka)?

The first term represents the profit of the producer. The second and third terms represent
the consumer surplus due to illegal copies and legal purchases respectively. The next lemma

considers how changes in the civil law penalty affect the social surplus.

Lemma 4

(1) If0 < F < (1 —a)/4, then
0SW (g) <0
dg ’

(2) If (1 —«a)/4 < F < 1/4, then

ka(4F +a —1)
= <g< g = T 7
SW(g) =0 for0<g< =
0SW (g) ka(4F + a —1)
99 <0 forg> T aF .

(8) If 1/4 < F, then SW(g) =0 for all g.

265




SEEHEEREE 20085E (F6d) =EXS

The interpretation of this lemma is clear. The social surplus is a decreasing function
of the penalty, because the number of participating consumers decreases as the penalty
increases. The producer’s profit is an increasing function of the penalty, because he can
afford to decrease the monitoring cost as the penalty increases. When the penalty is low
and the production cost is high, the producer may decide not to create the goods at all. In
such cases the social surplus will be zero. The next proposition defines the optimal civil law

penalty in the same three cost regimes.

Proposition 2

The optimal civil law penalty g* is given by

1—
g=0for0<F< 4(17

ka(4F -1 1—
v = a(dF +a—1) for a§F<

1
1—4F 1 v

1
g" €10,00) fori <F

As discussed in Lemma 4, the government desires to maximize the social surplus by
setting the civil law penalty as low as possible. The original producer may decide not to
create goods if the penalty is too low, however, because his profit is an increasing function
of g. In the first case (0 < F < (1 — «)/4) the cost is low enough that the government
can set the penalty to zero. In the second case, setting the penalty to zero will result in a
negative profit for the producer. The government thus gives the producer an incentive to
create goods by imposing a penalty. The level of the penalty is set just high enough to result
in a non-negative profit. In the third regime, the producer will never create goods because

the production cost is too high.
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4 Criminal law penalty

In this section, we consider the case of a criminal penalty. The right holder does not profit
from a criminal penalty, but the government does. We again consider the previously defined
sub-classes of strategies S; and S;. The consumer behavior and the producer profit in Sy
are of course the same under criminal law since there is no illegal activity. We thus consider

only strategies in sub-class Sj.

The demand for goods D, and the demand for illegal copies D, are given by

D, —1_ b=

11—«
P e )
11—« «

From Lemma 1, we can obtain the producer’s profit as

pP—359 2
=p(l— — ks® — F.
T = p( l—a) s

The first term represents sales, and the second term is the monitoring cost. We see that
by applying criminal law, the producer’s profit has changed for strategies in S;. The next

lemma gives the optimal strategy for a given criminal penalty.

Lemma 5 When the producer’s strategy is restricted to sub-class Sy, his profit is maz-

imized by the choice

. 4k(1 — a)? . 29(1 — «)
b= 2 1= 2
8k(1 —a) — 2¢ 8k(1 —a) —2¢
for g < \/2ka(l — «), and by the choice
P = s s} = el
YT 2(2+ ka?) TN 2(g? + ka?)
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for g > \/2ka(1 — «). The optimal profit is thus given by

k(1 — «)?
T = Gt e g~ F Jora < VARl =)

and by
2

* g
m=————— —F for 2 1—a).
LS T R for g > \/2ka( «)

When the profit w} is negative, no goods are produced.

p oM
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K
’
7
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7 [
’
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’ — =0
// /as
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-
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== 7 Pid B/
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Figure 4: Iso-profit curves under criminal law

The optimal strategy within S; is an interior solution when g < \/m. Figure
4 illustrates the relationships of Lemma 5. The dashed curve dm/dp = 0 has a flatter
slope under a criminal penalty than the solid curve under a civil penalty. The dashed curve
Omy/0s = 0 also slopes become flatter under a criminal penalty. The maximum profit under

a criminal penalty thus moves to point B, the intersection of 9 /0p = 0 and dm; /ds = 0.
If the penalty g is larger than /2ka(1 — «), however, the producer simply sets the price
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as p = sg/a. In this case the slope of dm;/0p = 0 is flatter than that of p = sg/a. The
intersection of O /0p = 0 and p = sg/a is B’. Then the optimal solution in S; becomes a
corner solution, and producer’s profit is maximized at point C, the intersection of d7!/dp = 0

and p = sg/a. We show this in our next proposition.

Proposition 3

When the entire strateqy space S is considered, the profit of the producer under criminal

law is maximized by the choice

4k(1 — a)? . 29(1 — )

T8k —a) -2 1T 8k(1—a) — 242

2

for g < /2ka(1 — «) and by

for g > \/2ka(l — ).

Again, this proposition can be interpreted in a straightforward manner. When g <
v/2ka(1 — a), the producer chooses a strategy in S; because it is too costly to monitor
illegal use. If g exceeds this limit, the producer chooses a strategy that shuts out all illegal

users from the market since they cannot obtain the penalty under criminal law.

When no goods are produced, of course, the social surplus is zero. Otherwise the social

surplus also depends on the magnitude of ¢ as follows: If g < /2ka(1 — «),

k(1 — a)?
SW = ———~—-F 6
(9) 4k — dka — g? (©6)
4k (1—a)—2g%

1 2 Py
4]{(1 — (1) 8k(1—a)—292
+ ﬁku—m—zﬁ (U n Sk(l — a) — 292)db + / 292 1—a) avdv

Bk(1—a)—2¢2 ¥ Bkal—a)—2a92
(2ag — g* + 12ak? — 6 gk — 2002k? + 4a3k? + 4a*k? + 402 g%k + 203 g%k)
200 (dak — 4k + g2)°
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The first term is the optimal profit of the producer, and the second term is the surplus of
consumers buying the goods. The third term sums the surplus of consumers making illegal
copies and the penalty collected by the government. As the penalty is a transfer from illegal

users to the government, it cancels out when calculating the social surplus.
When g is high, the social surplus function SW(g) is as follows: If ¢ > \/2ka(1 — o),

2 1 2
g

2(g? + a2k)

g
SW(g) = —L — _F+ -
(9) 1(g? + o) o (v
2(g2+ aZk)

394 + 4a*k? + 6%k P
8 (g2 + a2k)?

)dv (7)

In this case, the producer’s choice of price and monitoring probability shuts out all illegal
users. The social surplus is thus the sum of the profit of original goods and the surplus
of consumers who buy the goods. The first term is the optimal profit of producer, and
the second term is the surplus of consumers buying the goods. The next lemma shows the

impact of a criminal penalty on the social surplus.
Lemma 6

A penalty paid to the government affects the social surplus as follows:

(1) If0 < F < (1—a)/4, then
dSW(g)

——== < 0.
dg <

2)If(1—a)/d<F<(1-a)/2(2-a), then

k(l—a)4F+a—1)
a )

SW(9)=0for0§g§\/

F

85’?;@) <0forg> \/k(l —0)@F +a—1)
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(3) If (1 —)/2(2 — ) < F < 1/4, then

4Fka?
/ = <g<
SW(g)=0 for0<g< Ty
SW(g) . 4Fka?
Tg<0jm"g> T_iF

(4) If 1/4 < F, then SW(g) =0 for all g.

This result can be interpreted in the same manner as Lemma 4. The following proposition

discusses the optimal criminal penalty.

Proposition 4

The optimal criminal law penalty g is given by

1-
‘(,1*:0f07"0§F<TO[7

. k(l—a)(l—a—4F) 1-« 11—«
= r < _—_“
g \/ F Jor = =P <5pay

4Fka? 1-a 1
— ST cpe-
g 1=aF 1 ag oy SE =g ol

1
g* €10,00) for 1 <F

This result can be interpreted in the same manner as Proposition 2. The government
wants to set the criminal law penalty as low as possible to maximize the social surplus.
However, the government has to set a high enough penalty to prevent the producer’s profit
from being negative. In the cost is low (0 < F < (1 —a)/4) then the government can afford
to set the penalty to zero. In the second and the third case, goods will not be created if
the government sets the penalty to zero. Instead the government sets a penalty just high

enough to prevent the producer’s profit from being negative. In the last case, the producer
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does not create goods at any penalty level because the production cost is too high.

5 Discussion

In this section we compare the civil law and criminal law penalty schemes. It is not
immediately clear from the above analysis which protection scheme is better from the point
of view of society, but we are now ready to find the optimal copyright protection scheme.

The next proposition compares the producer’s optimal profits under each protection scheme.

Proposition 5

The producer’s profit is larger under a civil penalty than under a criminal penalty.

This clearly supports our intuition, as the producer can profit from the penalties imposed
on illegal users under civil law. According to Propositions 2 and 4, the government will set the
civil penalty either to zero or to a level that makes the producer’s profit zero. Therefore, the
criminal law penalty has to be larger than the civil law penalty in order to cover production
costs. In the U.S.A. Copyright Act, the allowed statutory damages range from $750 to
$150,000 per work. Under criminal law, on the other hand, the first copyright infringement
is punishable by up to $500,000. This example supports our proposition. Next, we consider

the optimal copyright protection scheme.

Proposition 6

From the point of view of society, a criminal law scheme is better when the production

cost is in the range 0 < F < 5(1 — o) /4(5 — 2a). Otherwise, a civil law scheme is better.

This proposition can be interpreted as follows. When the production cost is low, the

penalty set by the government is also low. The producer thus has little incentive to monitor
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illegal activity under criminal law because he does not profit from the penalty. It follows
that under criminal law, more consumers will be using the goods. The criminal law scheme

is therefore better than the civil law scheme when the production cost is low.

When production cost is high, on the other hand, the producer has an incentive to absorb
the cost of monitoring and remove all illegal copies from the market. Under criminal law,
the producer monitors illegal use excessively and reduces the number of consumers using the
goods. The government can thus increase the social surplus by adopting a civil law penalty.
This will give the producer an important incentive to profit from illegal use by assuming
a more moderate monitoring strategy. Goods with a high production cost should therefore
be protected under civil law. Movies and video games are examples of goods with a high
production cost that should be protected by civil law, and music discs are an example of

low-cost goods that should be protected by criminal law.

We end this section by pointing out some of the key assumptions in this work. First,
criminal law penalties and civil law penalties are distinguished simply by changing the agent
who obtains the penalty. However, there are many other differences between these penalty
schemes. For instance, under criminal law illegal users may be punished by imprisonment.
The threat of such punishment may also have a negative effect on illegal activity in the long
run, but such non-monetary effects are not treated in our model. Another difference is that
under civil law, the right holder can profit by claiming compensation for his actual damages.
The calculation of actual damages would be based on the number of sales, not on the number
of works copied. We do not include such actual damages in this model. Finally, note that in
the real world illegal activity may be punished by both criminal penalties and civil penalties.

This model does not consider a dual punishment scenario.

‘We could also use the model presented here to calculate the equilibrium output in other
situations. For example, we have assumed that consumer valuations v; are uniformly dis-

tributed on the interval [0, 1]. If this assumption is violated, the resulting consumer behavior
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could change drastically. The result of such a model depends on several additional assump-

tions, and will be the topic of future research.

6 Conclusion

In this paper we determine the optimal copyright protection scheme under a model where
(a) the government sets a penalty to maximize the social surplus, (b) producers must monitor
illegal activity, and (c) only civil penalties are paid to the producer. We obtain the following

results.

First, we show that the optimal penalty level is always either zero or that which sets the
producer’s profit to zero. A zero penalty may be imposed when the cost of production is
low enough that profits can be made even in the presence of illegal activity. When the cost
of production is higher, the government must set a positive penalty to keep the producer’s
profit from falling below zero. To maximize the social surplus, however, the government
wants to set the penalty as low as possible. It follows that the penalty imposed will be that

which sets the producer’s profit to zero.

Second, we compare the two copyright protection schemes. In real situations, copyright
infringement is often punished under both civil law and criminal law. It is important to
show which scheme does a better job of protecting the copyright. We show that when the
development cost is high, civil law schemes are better from the point of view of society (i.e.,
the producer’s optimal strategy under civil law leads to more consumers using the goods).

‘When the development cost is low, on the other hand, it is better to apply criminal law.

Our analysis suggests that changes should be made in the direction of modern copyright
policy. Recently, the punishments for copyright infringement have become severe. The
government should perhaps reduce these penalties to a point where the private gain of

producers is much smaller, but not negative. Copyright infringements are typically punished
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by civil penalties. We point out that goods with a low development cost are better protected
by criminal law. The government can increase the overall social surplus by adapting the

penalty scheme to the development cost of the product.
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7 Appendix

Proof of Lemma 1

In this lemma, we consider the optimal consumer behavior. In the first case, when
consumers use the original product they obtain a higher utility than when making an illegal

copy or not using it at all. We therefore obtain the equations

v —p = av; —sg, v; —p=>0.

In the second case, when consumers make illegal copies they obtain a higher utility than

when buying the original product or not using it at all. We therefore obtain the equations
au; — sg > v; —p, av; — sg > 0.

Finally, there is the case of consumers who choose not to consume the product because the

utilities of buying and copying are both negative. We obtain the equations
0>v;—p, 0> av; —sg.
The lemma follows from these equations. Q.E.D.

Proof of Lemma 2
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The optimal price p* and the optimal monitoring probability s* are the solution to

s.t s<%
g

p=>0
1>s>0

We define the Lagrangian

L(p,s) = p(1 -

—s —sg s a
Z;_j)-‘rsg(%——g)—ksZ—F-‘r}\](?p—s)-i-)\Q(l—s).

The Kuhn-Tucker conditions are

L(p*, s* 2p — A L(p*, s*
OLW' ") _y 2p=s9, 59  oh o oo WOL0hs)
op 11—« 1—a g op
L(p*. s* _2',2 2\2 L(p*. s*
IL(p*,s*) _ pyg LPIZ2GT 26T o <0, 530, o0 (pw):(L
Js 1—a 11—« Js
IL(p*,s*) _ap OL(p*, s*)
g0, >0, —e =
o 9 §>0, At 20, Ay o )
IL(p*,s") IL(p*,s*)
TP =520, A >0, p— 2l =,
N Fe A= Ty,

We can consider the case p* > 0,s* > 0, Ay = 0 and \y = 0, because we assume that £ is
large. From these equations, we obtain
1 ka? . ag

= T v ka) N T 2P+ ka)

The optimal profit in S; is thus given by

1 02
Lok p
4 4g?+ ka)

*
™ =
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The producer decides to produce the goods, if his profit is not negative. Q.E.D.
Proof of Lemma 3
The optimal price p* and the optimal monitoring probability s* are the solution to

maxmy = p(l —p) — ks®* — F
p,s

st1>s> 2
g

p=>0

Profit in the S, sub-class is a decreasing function of s, so the producer wants to set s = ap/g.

We obtain

g9 . ag

2(g? + ka?) 2 T 2(g + ha?)’

Py =
The optimal profit in sub-class Sy is thus given by

e
T2 = 4(g% + ka?)

The producer decides to produce the goods, if his profit is not negative. Q.E.D.

Proof of Proposition 1

We compare the optimal profits obtained in S; and Sy in order to prove this proposition.

. . 1 ka? g (1-a)k??
T — Ty = — — — = >0
4 A2+ ka) 42 +ka?)  4(g2+ ka?) (ka+ ¢2)

We can show that the producer’s profit is larger in strategy space S;. Q.E.D.

Proof of Lemma 4
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The social surplus when goods are produced is given by

_3+a  ag’(¢*+2ka)

W) ===~ ST hay
We thus obtain
ASW (g) _ k%*ga® “0
dg 2 (ak + ¢2)°

The social surplus is a decreasing function of the penalty g when goods are produced. Goods
will not be produced, however, if the profit is negative. The producer’s profit depends on

the magnitudes of ¢ and F', and is an increasing function of g.

In the case of 0 < F' < (1 —«)/4, the production cost is smaller than the minimum profit
7*(0) = (1 — «)/4. In this case the producer will create goods for all g. In the second case,
the production cost is larger than the minimum profit of the producer. If the penalty is so
low that the producer’s profit is negative, the producer will not create any goods. In the last
case, the production cost is larger than the maximum profit of the producer. In this case,

no goods will be produced for any value of g. Q.E.D.

Proof of Proposition 2

From Lemma 4, the social surplus is a decreasing function of the penalty if goods are
being produced. In the first case the government should choose g = 0 because the producer
will create goods even if there is no penalty. In the second case the penalty should be chosen
at the minimum level that provides an incentive for the producer to work. In the last case,
the producer can not produce the goods for any g. The government’s optimal penalty is

therefore unconstrained. Q.E.D.

Proof of Lemma 5
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The optimal price p* and the optimal monitoring probability s* are the solution to

p—sg

IgiXW:p(lfﬁ)fkssz.
s.t s<%
g
0<s<1
p=0

We define the Lagrangian as

L(p,s) = p(1 -

11—«

The Kuhn-Tucker conditions are

8L(p,5)=1_2pfsg af’\lgquqp*m_a
dp 1—a g p
L *. * L Sk £
OLw.5") _ _pg —2ks — M — XA <0, 5>0, S*Mﬂ,
ds I-a 0s
OL(p*,s*) _ap 9L(p*, s*)
———=——=5>0, My >0, \——+=0
8)\1 9 s>0, Ay 20, 1 a)\l 3
OL(p*, s*) OL(p*,s*)
————=1-52>20, x>0, p————==0.
N s 22U, A2 2 U, Ag Oy

We consider the case p* > 0,s* > 0, A\; = 0 and Ay = 0 because we assume that k is large.

We thus obtain
4k(1 — )? . 29(1 — )

=g —a)— 20" T 8k(1—a) - 2¢%

The optimal price and monitoring probability satisfy the condition s < ap/g when g <

v/2ka(1 — «). The optimal profit of the producer when g < y/2ka(1 — ) is given by

_ k-
C4k(1—a) — g2

*

m F.
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We can also consider the case p* > 0,s* > 0, \; > 0 and Ay = 0 when g > /2ka(l — ).

In this case, the optimal price and monitoring rate are given by

e T . o9
P22+ ka?) 7t T 2(g? + ka?)

which is equivalent to the optimal strategy of Sy. The optimal profit of the producer when
g > /2ka(l — «) is thus given by

. 9’

= 4(g% + ka?)

Q.E.D.
Proof of Proposition 3

We compare the maximum profit in S; to that in Sp under a criminal penalty in order

to prove this proposition.

e k1P g (¢° — 2ka + 2ka?)?
! 27 4k(1 - a) — g2

4(g2 + ka?)  4(g? + ka?) (4k — dka — g2)’

This equation is positive when g < y/2ka(1 — a), and negative otherwise. The producer
thus chooses the optimal strategy in S; when g < /2ka(1 — «), otherwise he chooses the

optimal strategy in Sp. Q.E.D.
Proof of Lemma 6

The social surplus when goods are produced is given by

(2ag* — g* + 12ak? — 6ag’k — 20a%k? + 4a3k? + 4a*k? + 4a®g*k + 2a3gk)
20 (dak — 4k + ¢2)°

for g < /2ka(l —«), and

SWi(g) = -F
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Q.4 4, 4k2 » 2 2k
SWs(g) = 39+ 4a +()Z IE_F for g > /2ka(l — ).
8(g? + a’k)

We obtain

9SWi(g) 2(a—1)° (4—(z)g3k7 ®)

dg a(dak — 4k + g2)°
2 4
0SWa(g) _ Kk ga,‘ <0,
dg 2 (g2 + a2k)

Equation (8) is negative for ¢ < y/2ka(l — a). The social surplus is thus a decreasing
function of g when goods are produced. The producer will not create any goods if his profit
is negative. The profit depends on the magnitudes of g and F', and is an increasing function

of g.

In the case of 0 < F < (1 — «)/4, the monitoring cost is smaller than the minimum
producer’s profit 7*(0) = (1 — «)/4. The producer will create goods for any value of g
in this case. In the second and third cases, the production cost is larger than the mini-
mum profit of the producer. The producer chooses the strategy in S; for F' smaller than
7i(v/2ka(l —a)) = (1 — @)/2(2 — «), which is the maximum profit in S;. No goods will
be produced if the penalty is so low that the producer’s profit is negative. The producer
chooses the strategy in Sy for (1 — )/2(2 — ) < F. In the last case, the production cost is

larger than the maximum profit and no goods will be produced for any value of g. Q.E.D.

Proof of Proposition 4

From Lemma 6, the social surplus is a decreasing function of the penalty g when goods
are produced. In the first case, the government chooses the minimum penalty g = 0 because
the producer will create goods for any value of g. In the second and third cases, the penalty
is chosen at the minimum level that provides incentive for the producer to work. In the
last case, the producer cannot afford to create goods for any value of g. The government’s

optimal penalty is therefore unconstrained. Q.E.D.
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Proof of Proposition 5
We compare the producer’s profit under each penalty scheme. First, we compare the
optimal profit in S; under civil law (7)) to the optimal profit in S; under criminal law (77).

1 k> k(1-a) (6"~ 3ka+3ka?) g
4 A@P+ka) 4k(1—a)—g®  4(ka+ ¢?) (4ka — 4k + ¢?)

v o
™ o=

9)

This equation is positive when g < 1/2ka(1l — ).

Next, we compare the optimal profit in Sy under civil law (7}) to the optimal profit in
Sy under criminal law (7).
ka? g (1—a)k??®

1
v _ _ 1
WS T k) (@ k) A ke (kat gy Y

From Equations (9) and (10), it can be shown that the profit under civil law is always larger

than that under criminal law. Q.E.D.
Proof of Proposition 6

We compare the social surplus under each penalty scheme. We obtain the social surplus

under the optimal civil law protection scheme by substituting ¢* into Equation (5):

17
SW=0for0§F<Ta,

_ 2 _
(Ba—8F+16F2+1) ( 1-a . 1
Sa 1 1

SW = (11)
1
SW =0 for 1 <F.

We then obtain the social surplus under the optimal criminal law protection scheme by
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substituting ¢* into Equations (6) and (7):

17
SW:()for()§F<Ta,

(8F +3a — 10Fa — 16F? — 24 + 2Fa® + 4F%a — 1)

W= 12
5 2a(1 — a) (12)

1—a 11—«

fi <F
RO T
1 11—« 1

= (4F? —2F +1) for -——~ < F <~ 1
SW 2( +1) 012(270)_ <7 (13)

SW:(JforigF.

We compare Equations (11) and (12) for (1 —a)/4 < F < (1—a)/2(2 — a):

(3a —8F +16F* +1)  (8F +3a —10Fa — 16F* = 24> + 2Fa® + 4F%a — 1)
8a 2a(1 — a)
(A4F + o — 1) (8Fa — ba — 20F + 5)

8(l-—a)a

This equation is negative when F is less than 5(1 — «)/4(5 — 2a).

We compare Equations (11) and (13) for (1 —«a)/2(2 —«a) < F < 1/4:

(3a—8F +16F%+1) 1

- _ (4F -1y’
” 2(4F 2F +1) =

8a (1 —a)

>0
‘We thus prove that the criminal law scheme is better than the civil law scheme for 0 < F' <

5(1 — @)/4(5 — 2c). On the other hand, the civil law scheme is better than the criminal law

scheme for 5(1 — a)/4(5 — 2a) < F. Q.E.D.
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We explore the consequences of the utility requirement on speed of innovation and
welfare. Using a model of two-stage innovation with free entry and trade secrecy,
we identify cases when patentability of first-stage innovation, i.e., the
intermediate technology is beneficial to society. Although a firm may undertake
the First-stage research when the intermediate technology is protected only by trade
secrecy, patentability remains desirable when spillover is very likely and when not
only the first-stage innovation is costly but also the second-stage innovation cost
is high. We also show that a high value of final technology by itself does not favor
non-patentability and identify a condition when it does.
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Abstract

The utility requirement may reject the patentability of intermediate
technology, which has only the value for enabling more research, even if
it is novel and sufficiently inventive. We analyze its effect in a two-stage
invention process with free entry, spillovers and trade secrecy. We show
that weak utility standard or equivalently a broad patentability of such
an intermediate technology is socially desirable not only when the cost of
first-stage invention is high but also when the cost of the final technology
development (second-stage) is high. However, when the final technology
is very valuable, the patentability is desirable when either the marginal or
fixed cost at the second-stage development is high relative to the marginal
cost of the first-stage research. In particular, high fixed cost of the second
stage development enhances the first mover advantage conferred by trade
secret, therefore reducing the case for patentability.
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1 Introduction

Utility constitutes one of the three basic requirements for patentability, together
with novelty and the inventive step (or non-obviousness). Utility requirement
is met when the invention can bring about a specific technical effect. An inven-
tion, such as a new chemical entity, that requires further research to identify
or reasonably confirm a “real world” use does not have substantial utilities.®
The utility requirement would reject the patentability of such an intermediate
technology which has only the value of enabling further research for establishing
utility, even if it is novel and sufficiently inventive.

When research is directly guided by “real-world” necessities, it is easy to
establish the utility of inventions. However, when it is driven by scientific
discovery, the resulting technology may be an “intermediate technology”, the
real-world utility of which can be determined only after further research. For
instance, the immediate application of a gene sequence? or a new chemical en-
tity may not be clear without further substantial research. The patentability
of such technology may be especially critical for firms specializing in research,
which are particularly prominent in the US biotechnology industry. As these
firms do not have internal assets to implement downstream research or product
development, such as clinical testing, patents for intermediate research results

are often essential to enable the firms to sell the research outputs or to attract

1Section 101 of the US Patent Law stipulates the utility requirement by the following
statement: “Whoever invents any new and useful process, machine, manufacture, improve-

ment thereof, or composition of matter ... may obtain a patent therefore ....” The recent
guidelines to the U.S. Patent Office (USPTO) interpret Section 101 as requiring that “an
invention must be supported by a specific, substantial, and credible utility ....” In addition,

the utility requirement is implicit in Section 112, which requires “written descriptions of the
invention and of the manner and process of making and using it without undue experimenta-
tion.”

2In applying for a patent on partial genetic sequences in 1991, the National Institute of
Health (NIH) claimed that these could be used as diagnostic probes, for instance, for the
identification of chromosomes, which constituted uncertain general utilities. The NIH gave up
patenting in 1994 as it faced rejection by the USPTO based on utility and other requirements,
as well as strong criticism from scientific and other circles. (See Aoki and Nagaoka (2002) for
more on biotechnology and the utility requirement.)
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investment money for engaging in downstream invention (Gans, Hsu and Stern
(2002)).

Despite the increasing importance of the utility requirement in science-driven
inventions and substantial interest among legal scholars ( Grady and Alexander
(1992), Merges (1997), and Heller and Eisenberg (1998) to name a few), there
are almost no substantive economic analysis of the utility requirement.® The
purpose of this paper is to present an economic framework and analyze the
welfare implications of the utility requirement.

The economic rationale of the utility requirement can be best clarified in the
context of cumulative invention. Although similar in structure, our focus and
formulation differ from previous cumulative invention analysis in several ways.
First, past studies on the novelty requirement and forward protection have fo-
cused on the patentability of the follow-up invention and the possibility of such
an invention infringing on a prior invention (See Scotchmer and Green (1990)
and Denicolo (2000), for example). That is, the first-stage invention is assumed
to be patentable and to have a value which can be rejected without further
research. In our analysis, the first-stage investment is an intermediate technol-
ogy and therefore implementing the second-stage invention always infringes on
the first-stage invention by definition. Intermediate development technologies
require further research to realize its potential value, i.e. there is no stand-alone
value.

Second, we incorporate both trade secrecy and spillovers. With intermedi-
ate technology, a firm will often consider trade secret protection because the
technology is used only for further research. It is likely to remain within the
confines of a building or be known by a limited number of people within the

inventing firm. Thus, trade secret protection is available even if patent protec-

3Harhoff, Regibeau, and Rockett’s (2001) analysis of genetically modified food is one ex-
ception.
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tion is not. However, trade secrecy loses its protective power once competitors
obtain the technology independently or if there is a spillover. Spillovers often
occur through academic publications and contacts among researchers, both of
which are significant in science-driven inventions.

Our paper adopts the two-stage patent race framework with free entry as
Denicolo (1999, 2000), with two major changes. While Denicolo focuses on
the patentability of the second invention and its relationship (infringe or not
infringe) to the first invention, our interest is the patentability of the first in-
vention, which is an intermediate technology, so that the second invention will
always infringe on the first. Because Denicolo assumes the first invention is al-
ways protected, a higher second-stage cost always makes a weaker protection of
the first invention more desirable. Our analysis, on the other hand, shows that a
stronger protection of the first invention can be desirable when the second-stage
cost is high, unlike that of Denicolo. In addition we introduce the possibility of
protecting first-invention by trade secrecy. Although trade secrecy does not give
the original first-stage inventor the ability to exclude others who invent indepen-
dently, it does bestow incumbency on the first-stage winner, that is, Stackelberg
leadership, in stage two because R&D costs are sunk. We show that the fixed
(and sunk) cost is indeed crucial for appropriation of the first-stage invention
with trade secrecy: high second stage fixed cost makes trade secret protection
more effective and the patentability of the first invention less desirable.

Scotchmer and Green (1990) also considered trade secrecy as an alternative
to patents in their analysis of another patentability requirement, the novelty
requirement, focusing on information disclosure. The novelty requirement is
similar to the utility requirement but the implications of a stronger requirement
differ. When novelty is the issue for the first invention, there is no harm in as-

suming, as Scotchmer and Green do, that the second invention does not infringe.
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However, such assumptions would not make sense when the first invention is an
intermediate technology. Reflecting the independence of the first and second
inventions, they assume that the first invention has a value even without fur-
ther research, which is not possible when it is an intermediate technology. (See
the Appendix of Aoki and Nagaoka (2002) for a more complete explanation of
which of Scotchmer and Green’s findings can be carried over to the case of the
utility requirement).

Grossman and Shapiro (1987) analyzed the patentability of an intermediate
technology that must be discovered before stage two and has only the value
of option to do reseach. Because they assume that the loser of the first stage
always drops out of the race, there is no trade-off between competition and ease
of appropriation in stage two. Their interest is the profitability of the firm, not
patent policy from a welfare point of view. Finally, Matutes, Regibeau, and
Rocket (1996) characterized the optimal patent policy in a two-stage invention
process, where the first-stage invention has only the value of the option to do
research. They explored the trade-off between disclosure and protection of the
first-stage research, whereas we focus on the trade-off between first and second-
stage inventions, following Chang (1995), O’Donoghue, Scotchmer, and Thisse
(1998), O’Donoghue (1999), Denicolo and Zanchettin (2002), and others. (See

Scotchmer (2004) for an overview of sequential invention).

2 The Model

We assume free entry into both the first stage basic research, the R-stage, and
the second stage development, the D-stage, unless it is constrained by patent
protection or trade secrecy. We assume that it is possible for a firm to re-
sort to trade secrecy to protect the intermediate technology. Since trade secret

protection does not prevent the rivals from using the same technology if it is
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obtained independently, a firm protected by trade secrecy faces potential com-
petition in the second stage. (In fact, with a Poisson discovery process, another
firm will succeed R-stage with probability one.) The R-stage winner with trade
secret protection has “temporary” monopoly in D-stage and its advantage is
Stackelberg leadership in D-stage. The first inventor invests as an incumbent
anticipating entry. As we assume that research expenditure in each stage is
completely sunk once research is commenced, there is no reason for a firm in
the R-stage to drop out of competition even when another firm has completed
the R-stage, unless it believes that it cannot profitably enter the D-stage devel-
opment competition.

‘We assume that an intermediate technology is either a type that spills over
completely or a type that does not spill over at all. We denote by ~ the probabil-
ity that the technology is the type that spills over. This probability is common
knowledge. Once the R-stage is completed, i.e., once a firm obtains the inter-
mediate technology successfully, the firm knows immediately which type the
technology is. If the technology is the spillover type, spillover occurs immedi-
ately, unless the technology is protected by a patent.* If spillover occurs, the
D-stage will be competitive with free entry. If the technology is the no-spillover
type, which is the case with a probability of 1 — ~, then trade secrecy will be
effective, unless the technology is obtained independently.

Specifically, firm ¢ chooses research intensity x;; for cost ¢; for R&D at t-
stage, where t = R or t = D. Discovery in each stage follows a Poisson process.
We assume there is a fixed cost f; to participate in stage t. If the intermediate
technology is patentable, then the patentee will be the sole developer of the

final technology.® Because it is an intermediate technology, there is no direct

4Successful completion is observed by all firms so other firms will know immediately which
type the technology is.

5Because of the Poisson discovery process, there is no advantage to licensing and having
many firms engage in R&D. Of course, a firm may be forced to license if it does not possess
resources to engage in the D-stage. This case is discussed in section three. Even in this case,
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commercial value resulting from the R-stage invention.® The value of the final
technology is v.

‘We consider two cases, one where the intermediate technology is patentable
and the other where it is not. If it is patentable, whoever succeeds in the R-
stage has a choice of patenting. The regime when the intermediate technology
is not patentable is the same as that for the no-patenting decision, even when

the technology is patentable.

2.1 D-stage investment

First, we analyze the D-stage investment behavior under the two regimes. We
characterize the equilibrium investments, the patenting choice, and the corre-

sponding profits.”

The intermediate technology is patentable

First, we characterize the equilibrium investment & when the firm has a patent
on the intermediate technology (P-regime). Since we assume that patent pro-

tection is perfect, it chooses x to maximize the monopoly profit,

00
_ v
exp @+ podr — epa — fp=———cpx— fD.
o x+r

Since the function is concave, the optimal investment, z,,, satisfies the first-order

condition,
U

" p=0.
(x+7)? p

the particular invention technology implies there should only be one licensee

SThis is equivalent to Denicolo’s UI or PI with vy = 0.

TThe D-stage constitutes a subgame of the two-stage game. The equilibrium we charac-
terize is part of a subgame perfect Nash equilibrium strategy.
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The monopoly investment is,

rv
T = -,
¢D
and the monopoly profit is:
2
mm = (Vv —/pr)” — fp. (1)

We assume that this is always positive,®

(Vv —/epr)® > fp. 2)

The equilibrium D-stage profit when the intermediate technology is patented is

7(5 = 7, and the corresponding investment is X E = Iy

The intermediate technology is not patentable

When the intermediate technology is not patentable (N-regime), there are two
subgames after completion of the R-stage, depending on the type of technology:
one with spillovers (probability ) and one without (probability 1 — ). If
there is spillover, the firm must compete with new entrants in the D-stage on
equal footing. If there is no spillover, the firm will be the only firm engaged in
second stage development until another firm completes first stage on its own.
The firm exploits the first-mover advantage and invests as an incumbent, i.e., a
Stackelberg leader.

We start with the case when there is spillover, using the framework of Deni-

colo (1999). There are n firms, the number determined in equilibrium, in the

SLater, we will introduce Assumption 1, which is a sufficient condition for equation (2).
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D-stage competition. Firm ¢’s profit when its investment is z; is:

;v

i~
o (e T g v — e — = T e (3
™ /0 exp” % zvdT —cpx; — [p Z;,;1$]+T cpx; — fp. (3)
Marginal profit is,”
i i T
om; Z(,# i . (4)

- =V
Ox; (wi+ 3t +7)?

Marginal profit is positive when x; = 0 by virtue of (2). There will always be
positive investment.

In the symmetric equilibrium, with free entry profit should be zero for all

firms, i.e., z; = z for all z and m; = 0 in (3) and g;’l =01in (4):

v
_ _fo =0
nz+r  PT fp ’
(n—=1Dz+r
v—cp=
(nx +1r)? b

Then the equilibrium investment is:

Vipv—fp

¢D

To =

Ignoring the integer problem, we have the equilibrium number of firms engaged

in the D-stage investment:

v cpr
ng=,/—— —————.
o Vfov—fp
The number of firms is decreasing in both fixed and marginal costs. In addition,
investment by each firm is decreasing in marginal cost, but will be increasing

in fixed cost if the fixed cost is sufficiently small relative to the value of the

9Hereafter, all summation will be for 4 = 1,...,n unless noted otherwise.
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technology: The total investment with a spillover is as follows and is always

decreasing in both costs:

v—+/vfp .

¢D

Xo = nozo =

The equilibrium profit when there is a spillover is zero, i.e., mg = 0.

If there is no spillover, the firm is protected by trade secrecy until another
firm succeeds R-stage on its own. We assume that it invests to such an extent
that even an entrant expecting no further entries cannot make money. Although
we focus on the entry-deterrence strategy'C in the following analysis, the major
conclusions of the analysis would apply in the case of the entry-accommodation
strategy.!! The firm will choose the entry-deterrence strategy when the fixed
cost of D-stage (fo) is large (see Appendix 5). The firm chooses x to deter entry.

An entrant’s profit when it invests . is:

o0 )
T = / czp*(mu+z+r)rzvd7. —cpr— fp = Tel —cpxe — fp. (6)

0 Tet+aT+T

The entrant will invest to maximize this profit, given the incumbent’s investment
x. That is, z. satisfies the first-order condition,
orme T+

=v——5 —cp =0.
Oz, (e + 2 +71)? b

The incumbent will choose x so that profit . will be zero even when the entrant
is profit maximizing. Note that the entrant’s profit declines with = (9m./0x <

0). The entry deterrent output, zy, is:

o= VIp) _,

cp

10We show in the Appendix that entry deterrence is always optimal for sufficiently large fp
that satisfies Assumption 1
11See Aoki and Nagaoka (2005), available upon request.
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We assume throughout the analysis that the following condition holds:

Assumption 1. (Monopoly investment is not entry-blocking)

AT

which is the condition for xp > Xp,.

This condition requires that the fixed cost is not too large. In addition, it
is also a sufficient condition for 7, > 0 (equation (2)). We have the standard
relationship, 2, — Xg as fp — 0.

The equilibrium profit with entry deterrence is:

Wh:U*(ﬁ*\/EVfcm(ﬁfl)*fu

= 2ol - Vo) - eor (s 1) ™)

Note that m, — 0 as fp — 0. Summarizing, investment (zys) and profit
(7ns) when there is no spillover are z;, and 7, respectively. The equilibrium

2

D-stage profit of the firm successful in the R-stage,'?> when the intermediate

technology is not patentable, taking into account the fact that nature determines

the type of technology, is:
5 =ms + (1= Y)rns = (1 - 9)m. (®)

We make the following observation about relative size.

Lemma 1. When Assumption 1 holds, then

Ty < xp =2Ns < Xo, nﬁ:nm>wb:m5>w”>wg>0.

12The other firms’ profits are zero.
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Based on this lemma (75 > 7}), we can make the following claim.

Corollary 1. A firm will always patent the intermediate technology if it is

patentable.

Even if trade secret protection is perfect, it offers no protection against inde-
pendent invention. This alone always makes patent protection more attractive

than trade secret protection.

2.2 R-stage investment
General solution of the R-stage

We derive a general solution for the R-stage when the payoff to the winner
from the D-stage is mp and the losers get nothing (note that only the winner
undertakes the D-stage invention). Firm i’s expected payoff when it invests z;

and other firms invest z; is:

LiTD

——————— —Cr%i — [r. 9
T+ YT+ cri = fr ©)

T =

The first-order condition for profit maximization is:

om; 2gititr
— _rp—c . 1
9z @it 500+ p—cr=0 (10)

There will be an incentive to invest a positive amount when this marginal profit
is positive at x; = 0, which holds if 7p > crr. We assume the following
condition:

(L= > car,

where 7, is defined by (7), which ensures a positive level of investment for the

entry deterrence strategy.'?

13Later, we introduce condition (12), which guarantees this condition.
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Again, using symmetry,'* we obtain the equilibrium investment:

VIrTD *fR_

CR

TR =

For this to be positive (the interior solution), the profit from the next stage
must be sufficiently large, i.e., 7p > fr.!” Ignoring the integer problem, we

have the equilibrium number of firms engaged in R-stage investment,

n 7\/@7 CRT
N Te  Virmp—fr

The aggregate investment, Xp, is:

XR(WD):nR.z'R:\/ci:(\/Ef\/]TR) —r. (11)

Aggregate investment is increasing in D-stage profit and decreasing in both
costs. The equilibrium investments X II; , when the intermediate technology is
patentable, and Xﬁ’, when not patentable, can be found by substituting the ap-
propriate equilibrium profits from the D-stage, 7Tg and ﬂg , respectively. Equa-
tion (11), together with Lemma 1, shows that an increase in investment in one

stage is made at the cost of a reduction in investment in the other stage.

In a symmetric equilibrium with free entry, (9) should equal 0 and z; = z for all j.
Equations (9) and (10) become:

z7Tp
—cpw— fr =0,
ne+r cre = fr
(n—=1Dz+r
— - =0.
(nz +7)? D T CR

The two equations characterize the equilibrium investment and the number of firms, respec-
tively.
15This will be guaranteed by condition 12.
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Lemma 2. Patentability of the intermediate technology increases R-stage re-

search investment, but reduces D-stage investment.
From (11), we can make the following observation:

Lemma 3. When the intermediate technology is not patentable, there will be

no R-stage investment if costs (cp,cr, fr) and/or spillovers are high. That is,

XN=0 & x/(l—’y)ﬂbﬁ\/@+\/037'+%. (12)

3 Welfare

The value of technology v is the firm’s private value. This does not capture the
additional value to society from the invention, which we denote by s. Given

aggregate investment X,
X

PO =5

is the “adjusted probability” of innovating (Denicolo (2000)). This adjusted
probability discounts the value by delay, which is distributed according to a
Poisson process. Denoting the investments in the R-stage and the D-stage by

Xpr and Xp, respectively, the expected welfare is:

W(XR,XD) = P(XR) {P(XD)(’U+ S) —cpXp — TLDfD} —crXgr —nrfR,

= P(Xgr)P(Xp)S + P(Xg)7tp — crRXRr — nRfR-

Noting that any surplus in D-stage is exhausted in equilibrium through R- stage

competition, the welfare levels with and without patentability of the intermedi-
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ate technology are:

WP = P(XE)P(XE)s = P(Xp(7m)) P(xm)s,

W = P(XE) {yP(Xo) + (1 = 1) P(a)} s = P(Xp((1 = 7)m)) {yP(Xo) + (1 = 7)P(as)} s,

respectively. Superscripts NV and P denote when intermediate technology is “not
patentable” and “patentable”, respectively. From Lemma 3, we can immediately

identify a case where patentability will unambiguously improve welfare.

Corollary 2. If there is no R-stage investment without patentability and if R-
stage investment occurs with patentability, then patentability will improve wel-

fare.

There will be no R-stage investment without patentability when condition
(12) does not hold, in which case welfare will be zero. Given that a firm can
recover its investment in R-stage research only by commercializing D-stage in-
vention, the patentability of the intermediate technology tends to be favored
not only by a high cost of R-stage research, but also a high marginal cost of
D-stage development, when the value of final technology is not so high. Thus, if
an intermediate technology requires a large amount of additional work (i.e., high
investment costs) for commercialization, this would be precisely the situation
where welfare is improved by making the intermediate technology patentable.

An iso-welfare curve in (X, Xp) space is depicted in Figure 1 for v = 0 and
Xp = . Convexity can be derived as in Denicolo (2000). The figure demon-
strates the trade-off involved in making intermediate technology patentable.
Patentability increases Xp and reduces Xp (Lemma 2). In the figure, this
means patentability will change investments in the direction of the arrows. We
make the following observation about extreme points S and 7. Patentabil-

ity will increase welfare if it is originally at 7', but will reduce welfare if it is
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originally at S. When R-stage investment is low, increasing it slightly is very
effective in increasing welfare. Similarly, when D-stage investment is low, de-
creasing it slightly is detrimental. A more detailed analysis of the implications
of patentability on welfare is presented in the following propositions.

We begin with establishing the following relationship,

Lemma 4. When condition (12) holds, the ratio W¥ /W is (i) increasing in

cgr and (ii) increasing in fr.

The proof is provided in Appendix 1.
Whether this ratio (W¥ /W) is greater or less than one determines whether
welfare is higher or lower with patentability. First, we characterize the relation-

ship between R&D costs and the welfare effect of patentability using Lemma 4.

Proposition 1. The following statement holds under condition (12):

(i) Patentability of intermediate technology improves social welfare if the marginal
cost of the R-stage research is very high. More generally, there is a value of cj,
such that

>
WP =W & cp

AV

Ch- (13)

(i) Patentability of intermediate technology improves welfare if the fized cost of
the R-stage research is very high, making development research without patentabil-

ity barely profitable. More generally, there is a value of f3 such that
< >
R fhe wr = wh

(i) Similarly, patentability always improves social welfare when marginal and
fized costs of development are large. That is, there are values of ¢, and f}, that

satisfy condition (12), such that
cp>chfo>fh = wP>wh
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The proof is provided in the Appendix 2.

The expression (11) implies that if cgr is close to \/@ (/7N —V/Fr), the
R-stage investment X g is very small. In Figure 1, this situation would be rep-
resented by a point such as T, a point at which the change in investments due
to patentability improves welfare. On the other hand, a small cg implies that
Xp is large (Xp — oo as cg — 0), as represented by a point such as S in
Figure 1. Social welfare depends on the product of the adjusted probability of
D-stage success and that of R-stage success. As a result, when the probability of
R-stage success is high due to low research cost in that stage (i.e., low cg), it is
more efficient to encourage the expansion of the D-stage reward. As patentabil-
ity reduces the D-stage adjusted probability, non-patentability becomes more
advantageous.

Monotonicity of %‘;2‘% with respect to fr and cr implies that the critical
value cj, is decreasing in fr. The range of R-stage marginal costs for which
patentability is undesirable becomes smaller when the fixed cost is larger.

Now, we characterize the relationship between the extent of possible spillovers
and the welfare effect of patentability. Using (8) and Lemma 1, the adjusted

probability for the R-stage is, for any 7,
P(XE) = P(Xg((1 = 7)m)) < P(Xp(rp)) = P(Xg(mn)).

P(X ,Z}' ) is decreasing in v and approaches zero as v approaches unity. On the
other hand,
YP(Xo) + (1 =) P(xy) > P(XF) = Plam),

holds for any . A greater spillover benefits society at the D-stage, but it
has an adverse effect on R-stage investment. Using (1), (7), and (11), we are

able to identify the minimum v above which patentability of the intermediate
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technology is beneficial to society.

Proposition 2. Patentability of intermediate technology always improves social
welfare when the spillover is very large. That is, there is always a level of ¥*

such that, for all v > +T, the following holds:
wE>wh,

The proof is provided in the Appendix 3.

We can synthesize as well as extend the above propositions by the following
proposition (and Figure 2), when the value of the final technology v is very
large. When v is very high, X5 and X% increase with /v, whereas X% and
X} increase only with v. Thus, whether the patentability is desirable depends
only on the ratio between X5 and XY . Given that X} = \/TU/TD, and X} =

{2(1 — 'y)\/va} /cr, we have the following proposition.

Proposition 3. When the final technology (v) is very valuable, then patentabil-
ity is desirable if and only if the monopoly research expenditure in the D-stage
under non-patentability is larger than the aggregate competitive expenditure in
the R-stage under non-patentability. That is,*

wPswy¥ & [T son- vio N R
cp ( ’Y) CR \/W

The proof is provided in the Appendix 4.

This proposition shows that, even if the technology can be protected by trade
secrecy, a high value of final technology by itself does not make the patentability
of intermediate technology undesirable. We can interpret the above inequality
in the following way. When the value of the final technology is high, the desir-

ability of patentability depends only on the ratio between X5 and X%, which

16Conditions on v and cp are consistent with Propositions 1 and 2.
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are the levels of investment at the “bottleneck” stages of the patentability and
non-patentability regime, respectively, where “bottleneck” refers to the stage
where the level of investment is relatively small. When the interest rate r is
high or when cp is low, the investment in the D-stage is high, even when the
intermediate technology is patentable and the second-stage invention is monopo-
lized. The monopoly investment increases as r increases because a high interest
rate induces a monopoly firm to realize the invention quickly to avoid heavy
discounting. Therefore, the patentability is desirable. On the other hand, when
fp is high, the first-mover advantage owing to trade secret protection is large
for the firm that was successful in the first stage of research. Therefore, the
D-stage profit is high even under the non-patentability regime.!” This makes
the investment in the R-stage high. A low cg has the same effect on the R-stage
investment. Both situations make the patentability of intermediate research
undesirable. In sum, balancing the incentives for the two stages matters even if

the final technology has a very high value.!8

4 Concluding Remarks

We would like to highlight the following two points in our findings. First, our
paper has shown that the high cost of the second stage can make it desirable
to provide a stronger protection of the first stage research, in terms of the
patentability of the intermediate technology in two-stage R&D race model (see
(iii) of Proposition 2), in contrast to Denicolo (2000). This difference arises from
the fact that our paper analyzes the patentability of the intermediate technology,
which has only the value of enabling further research.

Second, our model has incorporated trade secret protection, as well as spillovers,

17Equation (9) shows that the profit of the first firm successful in the R-stage increases with
fp when v is large, for relatively small fp.
18Conditions on v and cp are consistent with Propositions 2 and 3.
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which has enabled us to clarify that the fixed and sunk cost of the second-stage
research is an important determinant of the ease of appropriation of the inno-
vation in cumulative innovation. Higher fixed cost in the second stage increases
the first-mover advantage of the firm that was successful in the first stage re-
search, when the costs are small relative to the value of the patent (v). Under
such circumstance, high fixed cost of second stage research makes trade secret
protection more effective and the patentability of the first stage research less
desirable (see Proposition 4).

We can derive several policy implications from our analysis. The implication
of Proposition 1 is that, even if trade secrecy protects intermediate technology,
its patentability remains beneficial when research costs are high. The possi-
bility of such a technology spilling over reinforces the case for patentability
(Proposition 2). On the other hand, patentability should be rejected when the
intermediate technology covers a mere “idea” that is easy to acquire. Assuming
the high value of the final technology, Proposition 3 suggests that reducing the
marginal cost of the first stage research relative to the marginal cost of develop-
ment by, for example, offering a subsidy or tax breaks, makes unpatentability of
intermediate technology more desirable. In addition, we have shown that a high
interest rate is more likely to make the patentability of intermediate technology
desirable (Proposition 3).

The analysis has focused on the range of parameter values for which entry
deterrence is better than accommodation in the second stage. (See Appendix 5.)
We have analyzed the case with an entry accommodation in Aoki and Nagaoka,
2005 and have shown that the basic trade-off for patentability is the same,
although it is very difficult to characterize analytically the exact conditions
that guarantee that patentability will improve welfare.

Because we have assumed constant returns to scale in our model, having
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more firms engage in invention will not increase the return from invention. This
means that a patentee firm capable of doing the second stage invention itself, i.e.,
a vertically integrated firm, will not gain by licensing another firm to undertake
the second stage invention. If the patentee is unable to undertake the second
stage invention itself, for example, if it is an independent inventor or is a firm
that does not have downstream assets, it will not gain by licensing to more than
one firm.

We have developed the analysis on the assumption that the owner of the
intermediate technology is an integrated firm, able to engage in the second stage
invention. If only inventors can engage in first stage research and only ex-post
licensing is feasible, the patentability of the intermediate technology becomes
more socially desirable because a firm must share the profit from the second
stage research with the licensee, under most circumstances. Our analysis is also
valid, including the welfare results, when the patentee is able to appropriate all
the rent. This would be the case if there is free entry into the licensee market,
or if the patentee is able to make a take-it-or-leave-it offer. Any other license
process, such as strategic or Nash bargaining, will result in the non-integrated
inventor’s rent being reduced, which weakens first stage incentives.

In addition, our analysis assumed that profit-oriented organizations conduct
the first stage research and use basic research. Of course, this is not always
the case. Most notably, universities conduct first stage research and use it as a
research tool for further research. Although the patentability of basic research
may provide a source of income for universities, there is a great concern that
long-run adverse effects may arise if research tool patents limit access to the
research tools. According to the recent ruling on Madey vs. Duke, research
exemption is not applicable even if the second stage research is pure research

and not conducted for profit.'® This implies that an analysis of the patentability

19Court of Appeals of the Federal Circuit over turned a lower court decision and found
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of the basic research of nonprofit organizations requires an examination of the
distribution of rents between the first and second stages of research, even though

the rent may not be pecuniary.
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Appendix

1. Proof of Lemma 4

Proof. In the following, X (f) means X is a function of parameter 6 that is either

cg or fr. Then,
dP(Xg) dXg r
A9 di (Xp+r)?

Given that % = 0, we have the following:

din(WF/WN) _dP(xF)/do  dP(X})/do

do XE XN
Using (11),
dXg _ 7XR +r
dCR - CR ’
Thus, we have:
dP(Xgp) B r
der cr(Xp+r1)

As XN < XE, we have —dP(X¥)/dcr > —dP(XE)/dcr > 0. It follows that

dl P N
7H(W /W) > 0.
degr
Similarly,
dXp Xp+r
dv[fr V7D = VIR
so that

dP(Xg) _ r
&R (o - VIR (Xr+r)

As Xﬁv <X}; and ’Kg <7r£, we have:

—dP(XY)/d\/fr > —dP(XE)/d\/fr > 0.
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2. Proof of Proposition 1

Proof. First, we show that the reduction of welfare owing to a decline in D-stage
investment, caused by the monopolization of D-stage research, is bounded from
below. Let us define k as satisfying v = rcp(1+4k)?, which provides a measure of
the profitability of the final patent relative to the marginal cost of development.

From characterizations of Xy, xp, and x,,, we have:
Xo,zp < CL —r=r(l+k)?—r=FK +2k)r, xnp=r(l+k)—r=rk
D

Together, we have:

x5 rk 1
=D ~___* __- 14
XN = (k> +2k)yr  k+2 (14)
From Lemma 1, under which condition (12) holds, we have:
Xo, Ty > T,
which implies 20
XN
g + 7 o1
Xp+r
Together with (14), we have:
P(X} 1
(x5) "

PXY) v o)

20Recall that D-stage investment with no patenting was Xo with spillovers and z;, without.
X g is defined by
P(XP) =vP(Xo) + (1 = 7)P(ay).
From the monotonicity of the function P(-), z, < X,’)V < Xo.
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Using (11), we have:

P(XE) _ng: r+ XN

= X
P(XF) X or+XR

VW VIR e [T/ VTR

. (16)
VBT = VIR) —crr \J7H(\/7h — VTR)
The expression is 1 when crr = 0, increasing in cgrr in the range crr <

/7R (/7N — V/fr), and approaching infinity as crr — (/78 (\/7N — /fr)-

Note that ’R‘g = (1 — ~)my is independent of cg. For a sufficiently large cg,

P(XE)
P(XR)

> (k+2).

Then, using (15), we have, for such a value of cpg,

WP _ P(XF) P(XP)

—_— = 1.
WN T P(XY) P(XY)

Note that such a value of cg satisfies condition (12).
To show the existence of ¢}, (which also satisfies (12)), we need to show that

for a sufficiently small cg, the ratio becomes less than 1. From Proposition 2,

we have X5 < X%, and thus ﬁgg)) < 1. From (16), we have I’Zgﬁ; > 1
D R

converging to 1 as cg approaches zero. The monotonicity of W /W (Lemma

4) implies the existence of ¢j. This ends the proof of part (i). A similar

argument when /fr approaches /N — \‘7‘“% shows the existence of fj, which
™D

33 H r N _ _crr f%

proves part (ii). As we are making fr approach /7 e from below, ff

satisfies condition (12) and thus, there are values of fr > f5 that satisfy the

condition also.
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Part (iii) follows from a similar argument, showing that:

VBT~V Fw) — enr, a7

in (16) becomes zero when cp or fp becomes sufficiently large and close to the
upper bound given by (12). As they are approaching from below, there are
values of ¢}, and f}, that satisfy condition (12), so that for all values of ¢p > ¢},
and fp > f}, that satisfy condition (12), (17) is sufficiently close to zero. The
only caveat is that k depends on ¢p, meaning that when c¢p becomes large,
the lower bound of (15) changes. Fortunately, it moves to make the constraint
less binding (the right-hand side declines). Thus, we can still use the bounds
and obtain the desired inequality. As we are not able to claim monotonicity
of WP /WN with respect to development stage costs, we do not have a critical

value as in parts (i) and (ii). O

3. Proof of Proposition 2

Proof. As P(XY) is decreasing in v and approaches zero, there is always a value

of 4 > 0 such that:
P(XE)P(XE) = P(Xn((1 = v)m))P(Xo).
For any v > 7%,

P(Xr((1 = )m))P(Xo) > P(Xr((1 —7)m)) {yP(Xo) + (1 =) P(xs)} -
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4. Proof of Proposition 3

Proof. The following approximation holds for large X:2!

X

r
PX)=—F—~1-——. 18
(X) X +r X (18)
For small values of §; and 62, we have the following approximation:
1-6,
~1— 6+ 0. 19
1-6, 10 (19)

Using (18) and (19), for sufficiently large values of X5, X§, XE, and XJ, we

have:

Xy OxXE XY X

WP_P(X};’)XP(XE crar( L 1 1 1
WN T P(XY) " P(XN) T :

Although all investment levels are increasing in v, the convergence speeds of the
reciprocals differ. We can make the following approximations for large values of

v

1 CR 1 _cr 1 ep 1 1
NN T o1 — NS P T, YN T P~ .
XN 21—y fpov XE v’ XN v’ XF ()
Thus, for sufficiently large values of v,
wr T c c
R Y A ¥
w Vo \2(1 =)V r
O
21 Approximations are derived by ignoring all terms of order greater than % The approx-

imation can be arbitrarily close to the original expression by choosing a sufficiently large X

314

JLEA

5. Entry deterrence is optimal when fj is sufficiently large

Incumbent’s accommodation investment, 7, maximizes

VT

= — — 20
m(x) prary po Sl fp, (20)
where z.(x) is the solution to,
ma: Ve cpTe — f
AX ——————— — CpDTe —
X ek CDTe D
which is,
v(r+r
Teo(z) = —x+7r+ %

This is independent of fp and thus z, is independent of fp. The accommodation
profit m, = 7w(x}) depends on fp only through the last term in (20). Thus
Tm — T > 0 is independent of fp.

Consider fp that satisfies Assumption 1. As fp increase and approaches the

critical value given by

WO ToY — ey /T = i + vires, (o1)

m, approaches m,,, or equivalently, 7, — 7, approaches 0. It follows that,

Ty — Ta = (Tp — Tm) + (Tm — Ta),

will eventually become positive as fp increases and approaches the critical value
given by (21). Thus for fp that satisfies Assumption 1 and sufficiently close
to the critical value given by (21), entry deterrence will always be better than

accommodation.
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Figure 1 : Iso-Welfare Curve
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Figure 2 : Summary of Propositions
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