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Abstract

Copyright has been a source of international dispute and cooperation. We analyze the incentive
for cooperation in international copyright by analyzing a cooperative model of international
copyright policy-making and comparing it to a competitive model. Our analyses suggest that
cooperation in copyright policy-making improves global welfare. However, cooperation does not
always improve individual national welfare. For example, a country with a small market for
information goods may prefer competition over cooperation, as competition may allow it to free-
ride on the copyright protection provided by the country with a large market for information
goods. Finally, among other things, the incentive for cooperation increases with consumer’s
preference for variety of information goods, decreases with prices elasticity, and increases with

the difference between countries in economies of scale of their creative industries.
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Introduction
Copyright has been a source of disputes in international trade and diplomacy. Such disputes

existed between Europe and the United States in 19" century (Kahn, 2005). They exist today
between U.S. and other countries, especially, the emerging markets (IIPA, 2009).

There has also been growing international cooperation in copyright. Such cooperation can be
seen from the international treaties in copyright: the Berne Convention of 1886, the World
Intellectual Property Organization (WIPO) of 1967, the Agreement on Trade Related Aspects of
Intellectual Property Rights (TRIPs) of 1994, and the WIPO Copyright Treaty of 1996. Such
cooperation may also be reflected in the growing harmonization of international copyright: the
harmonization of copyright across European Union (EU) in the 1993, the harmonization of
copyright between EU and the United States in 1998 through the U.S. 1998 Sonny Bono
Copyright Term Extension Act, and the extension of copyright terms in many other countries

since then to harmonize their copyright terms with that of the U.S.

This paper examines the incentive for cooperation in international copyright. It does so by
analyzing a cooperative model of international copyright and comparing it with a competitive
model. Specifically, it seeks to answer the following questions: A) does cooperation in
international copyright policy-making yield higher collective global welfare than competition in
such policy-making? B) Does cooperation lead to higher national welfare for individual
countries? C) if not, what country, in terms of size of market for information goods and
capability of its creative industry, etc., has the incentive to cooperate? D) How does such
incentive change with characteristics of demand of consumers and technologies of creators of

information goods in the countries?

There have been little theoretical studies of international copyright. Most theoretical studies of
copyright, e.g., those in Novos (1984), Johnson (1985), Liebowitz (1985), Besen and Kirby
(1989), Landes and Posner (1989), Yoon (2002), and Yuan (2005), assume a single copyright
policy maker and a single market for information goods and do not incorporate international
trade. One exception is Yuan (2009), which models how two countries trading in information
products may differ in copyright policy due to their differences in size of market and capability
of creation. Yuan (2009) assumes that trading nations set their copyright policies to maximize

their respective national interests.



This paper develops and analyzes a cooperative model of international copyright. In the
cooperative model, nations set their copyright policies to maximize the collective global welfare.
The paper further compares the copyright policy and welfare of global and national information

economies with those under the competitive model.

The main results of the paper are: cooperation pays in terms of global welfare, as the cooperative
model yields higher collective global welfare. However, cooperation may not always be counted
on, as the cooperative model does not always lead to higher national welfare for individual
countries. In particular, a small country may prefer a competitive copyright policy, in which it
can free ride on the copyright protection provided by the large country designed to provide
incentive to creators to create information goods for its large market for information goods.
Furthermore, the incentive for cooperation changes with parameters of the markets and the
creative industries. For example, incentive for cooperation may be stronger when consumer’s
taste for variety of information goods becomes stronger, when consumers become less sensitive
to prices of information goods, perhaps through increase in per capita national income, or if

countries differ more in economies of scale of their creative industries.

The rest of paper is organized as follows. The next section describes the cooperative model. The
third section presents its results, in comparison with that of the competitive model. Then the
paper concludes. The mathematical procedures used to solve the cooperative model are given in

the Appendix.

The Cooperative Model

The Behavior of Consumers and Creators
Consumers and creators have the same behavior as those described in (Yuan, 2009). A simple

world information economy composes of two countries. Each has a sector of creators and a
market for information goods. A creator in either country develops original information products

and sells copies of its products on the domestic and foreign markets.

The copyright of a country may be set up according to either the cooperative model or the
competitive model described below. The policy adopted by a country applies to both domestic

products and foreign products on the market of the country. If prices of the same products differ



on the two markets or copyright protection on one market expires before on the other, effective

ban on parallel importation will be assumed.

Assume the following notations:

i, j: indices of creators of country 1 or 2;

n;: number of creators of country 1;

ny: number of creators of country 2;

s1;: number of first copy products of creator i of country 1;

syi: number of first copy products of creator i of country 2;

S: total number of first copy products S=n,*s;+n,*s;.

c1i(sy;): creative cost of creator i of country 1;

Ci(80:): creative cost of creator i of country 2;

b: reproduction cost per copy of creators of both country 1 and 2;

Pi1ie: price per copy of products of creator i of country 1 in country 1 at time t;

P12it: price per copy of products of creator i of country 1 in country 2 at time t;

P21t price per copy of products of creator i of country 2 in country 1 at time t;

Pa2ic: price per copy of products of creator i of country 2 in country 2 at time t;

p11.ie: vector of prices of products of all creators, other than i of country 1, in country 1 at time t;
P12t vector of prices of products of all creators, other than i of country 1, in country 2 at time t;
P21-ic vector of prices of products of all creators, other than i of country 2, in country 1 at time t;
P22.ir: vector of prices of products of all creators, other than i of country 2, in country 2 at time t;
di1i(S1is St-is S2i> P11is P11-i» £): Tate of demand for products of 1 of country 1 in country 1 at time t;
dy2i¢(S1i» S1-is S2is P12is P12-i» £): Tate of demand for products of i of country 1 in country 2 at time t;
da1i(S1is S2-is S2i> Pa1is P214i» 1): Tate of demand for products of 1 of country 2 in country 1 at time t;
daoi(S1is S2-is S2i> P22is P22-i> 1): Tate of demand for products of 1 of country 2 in country 2 at time t;
cs;: consumer surplus of country 1;

cs,: consumer surplus of country 2;

y: social discount rate for consumers and creators in both countries.

T;: copyright duration of country 1;

T,: copyright duration of country 2;

For the cooperative model, T;=T,=T will be assumed for reasons discussed later.

The profit of creator i of country one is:

T _ T, -
Ty = fol(dnit(Pnit — b)e7rtdt + foz(d12it(P12it — b)e™"'dt — cy;(s1) (1)

The first term is the quasi rent from selling its products on the market of country one during

copyright duration of that country from time O to time T;; the second term is the quasi rent from



selling on the market of country two during copyright duration from time O to time T,. The third

term is the total creative cost of creator i creating sj; first-copy products.

Similarly, the profit of creator 1 of country two is:

T _ T -
My = fol(dzu‘t(qu‘t —b)e7rtdt + foz(dzzit(Pzzit —b)e™"dt — c3i(s2:) (2)

A creator chooses prices and number of first-copy products to maximize profit. The first-order

conditions are:

aapL =0 3)
aapL =0 )
Tal= 0 5)
% =0 6)
% = (7
%’ =0 (8)

A creator also decides whether to enter or stay on the market. The information goods industries
are assumed to be open. Therefore, the marginal creator makes zero economic profits. If all

creators in a country have the same technology, they will all make zero profit. That is:
Ty; =0 10)

The consumer surplus of country one is:

sy = z f (f d11idP11it> e Vtdt + Z f (f d21idP21it> e Vtdt
i=1°0 \’P i=1°0 \7b



T, 11i _ T. 1i _
- Z?=11 01 (f:mt dllidpllit) e Vtdt — Z?=21 0 ' (f;u ‘ d21idp21it) e vtdt (1)

Where p*llit and p*znt are prices chosen by creator i of country one and creator i of country two,
respectively, on the market of country one during copyright protection. The first term is country
one’s consumer surplus from all products of creators of country one, if the products were priced
at marginal reproduction cost b from the moment they are created; the second term is the surplus
from products of creators of country two, if the products were priced at reproduction cost b from
the moment they are created; the third term is the loss of consumer surplus from products of
creators of country one due to copyright protection, which lasts from time O to T;; the fourth
term is the loss of consumer surplus from products of creators of country two due to the same

copyright protection.

Similarly, the consumer surplus of country two is:

€Sy = Z f (f d12idp12it> e Vtdt + z f (f dzzidpzzit> e Vtdt
i=1°0 \7b i=1°0 \’P

T. 12i _ T. 321 _
- Z:l=11 02 (f;lz ' dlzidpuit) e rtdt — Z:l=z1 02 (fpzz ‘ dzzidpzzit) e tdt (12)

b

Where p*mt and p*zzn are prices chosen by creator i1 of country one and creator i of country two,
respectively, on the market of country two during copyright protection. Here the demands are

from the market of country two; and copyright duration lasts from time O to T».

Assume all creators in a country have the same technology. They all make zero economic profit.

Social welfare is then the same as consumer surplus.

The Cooperative Model
In the cooperative model, T and T, may theoretically be different. However, it turns out that

such a general model may be indeterminate, as one country’s shorter copyright protection may
be compensated by the other country’s longer protection, without affecting the collective global

welfare. Therefore, T;=T,=T will be imposed for the cooperative model.

Then, the problem of the cooperative model is for Country one and country two to come together

to set a common copyright duration to maximize their collective global welfare, subject to the



behavior of the consumers and creators as described in (3) to (10). As the creators of both
countries make zero profit, collective global welfare is the same as the collective global

consumer surplus, cs;+cs,. Therefore, one has:
maxr ¢Sy + ¢Sy (13)
S.t. (3)-(10) and T|=T,=T

The Competitive Model
The competitive model is re-written here for the reader’s convenience. In the competitive model,

the problem of the copyright authority of country one is to set duration T; to maximize the social
welfare csj, given the behavior of creators of the two countries as described in (3)-(10) and the

duration T, set by country two as described below, i.e.:
maxr, cS; (14)
S.t. (3)-(10) and T; satisfying (15)

The problem of the copyright authority of country two is to set duration T, to maximize the
social welfare cs,, given creator behavior in (3)-(10) and T, set by country one as describe in

(14),1i.e.:
maxr, CS, (15)

S.t. (3)-(10) and T; satisfying (14)

The Results

To solve the cooperative and competitive models, one needs to further specify the markets and

creative industries of the two countries.

Specification of Demand and Cost Functions
As in the (Yuan, 2009), assume the following demand and cost functions:

B B
n n a-1 s ——— n rrp—
di1ic = D151i(2ji1 S1; + Zjil 521') P11it © [ljzip11je™m2? Hjil P21je™tm271 g4 (t)  (16)



B B
n n a-1 _ — o n Y
dizir = D251i(2ji151j + Zjil Szj) P12ic 6Hj¢ip12jt"1+"2_1 Hjil D22je™ 12Tt go(t)  (17)
d =D n n2 a-1 -6 n +ﬁ 1™ n +fl -1
21it = 1521'(2,-:1511' +Zj=152j) D21it © [ljziD21je*m2 Hj=1P11jt 2=l gy () (18)

B B
n n a-1 -5 Fpprep— 0 Prrv—")
Aot = D252i(zji1 Sy + Zjil 52j) D22it O [jeiD2zje™*m2t Hjil P1zjem*2t go(8)  (19)

and
- i i<T 0-8)
g®=y T o
6, otherwise (20)
- i i<t 0-8)
g, ()= Ty, " ’
0, otherwise 1)
and
c,(s,)=cy +as,” vV i of country 1 (22)
C,i(8,) =cCyp + a8, Vi of country 2 (23)

where 0<o<1, 6>1, B>0, 0< 0, <1, 0< 6, <1, p;>1, px>1, and Dy, Dy, To1, Toa, Cor, co2 and a; and

a, are positive constants.

Given the multiplicativity of the factors affecting the demand, the common price elasticity, and
the common reproductive cost of b for all products, it is easy to derive that creators set prices

which are uniform for all products, all creators, at all moments of time:

5
P11it = P12it = P21j = P22j =P = Eb (23)

Given the identical cost functions within one country, it can be derived that creators of one

country all create the same number of first-copy products: s;; = s;; = 51 and s3; = S5 = 5.



In order to obtain consumer surpluses cs; and cs; and price p, sizes of creators, s; and s,, total
number of first-copy products S, duration of copyright T (and T; and T, for the competitive
model), it is necessary to use both analytical and numerical procedures, given values of the

parameters in the demand and cost functions.

Baseline Solution
Assume the following parameter values:

[Dy, Dy, a, 8, B, b, To1, Toz, 61, 02, v, Co1, Co2, a1, a2, P1, P2] =
[7*#10° 7%10°0.3 2 0.5 5 100 100 0.001 0.001 0.05 3*10° 3*10°10* 10* 1.2 1.2 ]

The following numerical solution is computed for the cooperative model, as compared to the

competitive model:

Table 1. Result of Cooperative Model as Compared to the Competitive Model

T, T, S| S> S cs1($B) | c¢s2($B)
Cooperative 14 14 64 64 13281 0.86 0.86
Competitive 7 7 63 63 6224 0.80 0.80

Under the above parameter values, creators of two countries have the same technologies and
consumers the same preferences. Given the above parameters, the common copyright duration
for the two countries by the cooperative model is 14, compared to the 7 years according to the
competitive model; creators in both countries each create 64 original products in the cooperative
model, compared to the 63 number under the competitive model; the total number of first-copy
products is 13,281 under the cooperative model, compared to the number of 6,224 under the
competitive model; and consumer surpluses for both countries are $0.86 billion under the

cooperative model, higher than that of $0.80 billion by the competitive model.

The optimality of the solutions of the two models for each creator and for each country is shown

in Figure 1-7. If a creator deviates from the optimal size of 64 in the cooperative model or 63 for



the competitive model, the creator will incur a loss, given that both countries adopt the optimal
duration of copyright of 14 years in the cooperative model or 7 years in the competitive model

and other creators stay at their respective optimal sizes 64 or 63 under the respective models.

Similarly, if the countries deviate from their optimal duration, 14 years for the cooperative model
or 7 years for the competitive model, the welfare of the countries will be lower than the
maximum of $0.86 billion or $0.80 billion of the respective models, given that the other country
in the case of the competitive model maintains the optimal duration and the creators behave as

described by the respective models.

Under the above parameter values, cooperative international copyright leads to higher social

welfare for both countries.

Does Cooperation Always Lead to Higher Collective Welfare?
Whether cooperation always leads higher collective global welfare is an important question. A

higher collective global welfare is the basis for international copyright cooperation. If the
collective global welfare is not increased by cooperation, there is no reason for cooperation. If
the collective global welfare is increased by cooperation, even if the welfare of individual
countries are not, cooperation is still desirable, thought it might require certain means, such as

welfare transfer, to bring about such cooperation.

To answer the question, change the values of each parameter in the model, and keep the other
parameters at their baseline values. Take values for each parameter from a corresponding interval
of the parameter. The intervals are chosen to cover wide ranges of “reasonable values” for those
parameters. Solve the models and compute global welfare and the percent difference of global
welfare of the cooperative model from that of the cooperative model. The ranges of the percent
differences in global welfare are listed in Table 2 with the ranges of change of the parameter

values, for which solutions are found for the two models in the corresponding intervals.

For all the parameter changes, global welfare under cooperative model is higher than that of the
competitive model. For those changes in the parameters values, the global welfare under

cooperative model is 0.03% to 19.54% higher than that of the competitive model.
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Table 2. Difference in Global Welfare of Cooperative Model from Competitive Model

Parameter Interval of Parameter Value | % Difference of Global Welfare
D, 10:~108 0.13~k.70
D, 10:~108 0.13~k.70
o 0.1~0.448 2-00~11.8k
3 l.2~4 5.42~6.70
B 0.10L~0.9 b.-k9~k.70
b 1~50 b-k8~L.70
Tos 1~1.000 0.03~k.70
To2 1~1.000 0.03~k.70
0, 0.0001~0-3 L.7?0~k.70
0, 0.0001~0-3 L.7?0~k.70
r 0.0002~0-3 L.-k4~k.70
Coi 2.-94x104~10" L.7?0~19.54
Co2 2.-94x104~10" L.7?0~19.54
a L?00~10 L.7?0~1Y4.3¢2
(%) LO40~10 L.-?70~1k.28&
p1 1.152~1.253 L.7?0~10.78
P2 1.152~1.253 L.?7?0~10.78

To check the sensitivity of the result, draw random values for the 17 parameters from the above
17 dimensional space, compute the model. Repeat the process. The range of the percent
difference of collective welfare of the cooperative model from that of the competitive model is
0.13%-31.20% for 74 sets of random parameter values for which solutions are found for both

models at the time of this writing.

However, the results show that copyright durations in both countries are not always longer under
cooperative than under the competitive model but not always. Figure 60 and 61 show that when
the economic life of information products in a country is short, the copyright duration of that
country is short under the competitive model. In response, the duration of the other country
under competitive model has to be long, longer than that under the cooperative model. In other
cases, copyright durations under cooperative model in both countries are longer than under

competitive model for the above parameter values.

The above intervals and area for the parameter values cover a wide range of “reasonable” value
for those parameters. The result suggests that the cooperative model leads to higher global
welfare relative to the competitive model. Therefore, there is a need for international cooperation

in setting copyright policy.
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It should be noted that as the some of the parameters in the model, such as Dy, Dy, 9, B, b, Ty,
To2, Co1» Co2, A1, a2, P1, and p, can change within infinitely wide intervals and not coverable by

numerical computation. Therefore, the above result through simulation may not be conclusive.

Do Individual Countries Always Prefer Cooperation over Competition?
Higher collective global welfare under the cooperative model means that cooperation is

worthwhile for all countries as a whole. However, that does not necessarily mean that
cooperation will be considered worthwhile for all individual countries. Whether each country has
the incentive to cooperate depends on whether each country achieves higher national welfare
under the cooperative model than under the competitive model. In the baseline case, both
individual countries have higher welfare in the cooperative model than under the competitive
model. So both countries have incentive to cooperate. The question is whether this is always true.
To answer this question, look at the percent gains of welfare of the individual countries from the
cooperative model relative to that of the competitive model at different parameter values as

chosen above. The results are shown in Table 3 and figures 9-59.

Table 3. Percent Gain of National Welfare from Cooperative Model over Competitive Model

Interval of Country One Welfare Country Two Welfare
Parameter | Parameter Value
D, 10:~10¢8 -25.89~25.3¢2 -27-94~25.09
D, 10 ~108 -27.94~25.09 -25.89~25.3¢
a 0.1~0-48 c.00~11.8k 2.00~11.8k
) 1l.2~4 5.42~ k.70 5.42~ k.70
B 0.101~0-.9 b.-E9~ k.70 b.-k9~ k.70
b 1~50 b.-k&~ k.70 b.-k&~ k.70
To 1~1000 -448.34~20.448 -7.08~31.23
Toz 1~1000 -?7.086~31.23 -448.34~20.48
0, 0.000L~0.3 b.7?0~ ?.15 b.2b~ k.70
0, 0.000L~0.3 b.2bk~ k.70 k.70~ 7.15
Y 0.0002~0.3 b.k4~ L.70 b.-k4~ L.70
Coi c.94x104~10" L.k&~45.39 1.50~25-.99
Co2 c.94x104~107 1.50~25.99 b.-k&~45.39
a L700~10" L.7?0~ L.70 b.70~23-12
a, LO40~10" L.7?0~27.7k b.70~ b.70
p1 1.152~1.254 L.70~14.9¢2 b.70~15.17
P2 1.152~1.254 L.?0~15.17 b.70~14.92

Table 3 shows that individual national welfare is not always higher under the cooperative model

than under the competitive model. As the values of four parameters, Dy, D,, Ty, and T, change,

12



the welfare of country one or country two can be higher under the competitive model than under

the cooperative model.

Figures 28, 30, 40, 31, 29, and 43 show details of the above cases in which individual national
welfare is higher under the competitive model. Figure 28, 30 and 40 show, respectively, that
when demand level of country one becomes small relative to the demand level of country two, or
demand level in country two becomes big relative to that of country one, or the economic life of
information products in country one become short, the welfare of country one becomes smaller
under the cooperative model than under the competitive model. Similarly, figures 31, 29, and 43
show, respectively, that when demand level in country two become small, or demand level in
country one becomes big, or economic life of information products in country two become short,
country two may achieve higher national welfare under the competitive model than under

cooperative model.

In summary, when a country has small market or the economic life of information products in
the country is short, the country can be better off under the competitive model than under

cooperative model.

To understand this result, one may consider the following result of the competitive model. When
the demand level of a country becomes small or the economic life of information goods in the
market of the country becomes short, the country is better off to provide minimal or no copyright
protection. Such minimal copyright protection lets the country free ride on the creative incentive
brought about by the copyright protection provided by the larger country and allows consumers
of the small country to avoid paying monopolistic price, enjoy information products at marginal
reproductive cost, and achieve maximal surplus. While the other country has no choice but to
provide copyright protection to give incentive for creators to create original information goods to
satisfy its large or longer demand for information goods by the consumers in the country.
Otherwise, it stands to lose big. Thus, the small country may be better off to free ride, rather than

to follow a common copyright policy, which achieves optimal collective global welfare.

In conclusion, individual countries sometimes do not have the incentive to cooperate. In such
cases, to achieve optimal global welfare possible under the cooperative model, extra incentives

may need to be given to countries which have lower national welfare under the cooperative

13



model. One way to give such incentives is to transfer some of the higher national welfare
achieved in the other countries under the cooperative model to countries which have lower
national welfare than under competitive model. Since collective global welfare is always higher
under the cooperative model, such as transfer, in principle, can make all countries better off

under the cooperative model and induce them to cooperate.

Note, in cases where both countries have higher national welfare under the cooperative model
than under the competitive model, it is still possible for either country to achieve higher national
welfare by adopting the copyright duration of the competitive model, if the other country adopts
the copyright duration of the cooperative model. The choices of the two countries between
cooperative copyright or competitive copyright may constitute a Prisoner’s Dilemma. In the

baseline case, the choice and payoff matrix is as follows:

Table 4. National Welfare ($B) and Copyright Policy Choice

(Country 1 welfare, country 2 Country 2
welfare) Competitive duration | Cooperative Duration
(7 years) (14 years)
Competitive duration (0.80, 0.80) (0.91, 0.78)
Country 1 (7 years)
Cooperative Duration (0.78, 0.91) (0.86,0. 86)
(14 years)

Thus, to achieve the higher global and national welfare of the cooperative model in such cases,
strategic behavior in the forms of monitoring, threat, and retaliation, is still needed. Fortunately,
such strategic behavior is feasible, as international copyright is not a one-shot Prisoner’s

Dilemma game but a repeated game of the Prisoner’s Dilemma.

How Does Incentive for Cooperation Change with Market Parameters?
Another interesting question is how such incentive changes with characteristics of the markets

and creative technologies in the two countries. The incentive for cooperation of a country can be
measured by the percent gain of national welfare of the country from the cooperative model
relative to the competitive model. Figures 28-59 show the change of such relative gains of each

country with parameters of markets and creative industries.

14



Figure 32-33 show that the percent gain in national welfare of both countries from the
cooperative model relative to the competitive model increase with a. When a increases from 0.1
to 0.48, the percent welfare gain of either country increases from 2.00% to 11.86%. The
parameter o represents the preference of consumers for variety in information goods. When

consumers’ preference for variety is stronger, so will be the incentive for cooperation.

Figure 34 and 35 show that the percent welfare gain of both countries from the cooperative
model relative to the competitive model decreases with 5. When 6 decreases from 4 to 1.2, the
percent gain in welfare of either country increases from 5.42% to 6.70%. The parameter J is the
price elasticity of information goods in the two markets. The less elastic is the demand, the

stronger is the incentive for cooperation.

Figure 36-37 show that the percent gain of national welfare from cooperation relative to
competition increases marginally with cross-price elasticity. When cross-price elasticity
increases from 0.101 to 0.9, the percent gain increases from 6.69% to 6.70% for both countries.
Cross-price elasticity may reflect both strength of demand and taste for variety. The stronger is
cross-price elasticity, the weaker may be the demand or stronger the preference for variety. The
two effects on welfare through weaker demand and stronger taste for variety are in the opposite

directions and may cancel each other. And the net effect is rather marginal.

Figure 38-39 show that the percent gain of national welfare from cooperation relative to
competition increases marginally as copying cost decreases. The result shows that the under-
protection of copyright under the competitive model becomes severer as copying cost decreases.
When copying cost decreases, the optimal copying protection in both countries under both
models decreases slightly, as new creative incentive and severer deadweight from lower copying
cost out-weight higher desirability of information goods. However, copyright duration decreases
faster under the competitive model, which is at 0.59% in both countries, than under cooperative

model, which is at 0.18%, making the loss from the competitive model a little severer.

Figure 44-47 show that percent welfare gain from cooperation for a country increases with the
residual demand in this country and decreases with residual demand in the other country. This is
consistent with effect of the parameters of demand level and economic life of information goods.

Increase in residual demand in a country represents increase in general demand in the country,

15



which makes the incentive for cooperation in this country stronger but the incentive for

cooperation in the other country weaker.

Figure 48-49 show that the incentive for cooperation decreases with social discount rate. Higher
social discount rate means lower total net present value of information products, therefore,

smaller loss from the competitive model.

Figure 50-57 show that when the fixed creative cost or per-product creative cost decrease in a
country, the incentive for cooperation in the country decreases but the incentive for cooperation
in the other country increases. For example, as cy; decreases from 107 to 29,400, the gain of
national welfare from cooperation by country one decreases from 45.39% to 6.68% and that of
country two increases from 1.50% to 25.99%. As a; decreases from 10,000 to 6,700, the gain of
national welfare from cooperation by country one decreases marginally from 6.703% to 6.698%
and that of country two increases from 6.79% to 23.12%. When the fixed or per-product creative
cost in a country improves, the country is more inclined to compete and other country is more

inclined to cooperate, even though both still prefer cooperation.

Finally, figure 58 and 59 show that when diseconomies of scale in creation in a country become
more different from that of the other country, the incentive for cooperation in both countries
become stronger. For example, the incentive for cooperation in this country becomes stronger
marginally and that in the other country becomes much stronger when the economies of scale of
this country become better relative to the other country. In figure 58 and 59, the percent welfare
gain of both countries from cooperation relative to competition are the lowest when p; equals p;
at 1.2. When p; decreases from 1.20 to 1.15, the percent gain of national welfare from
cooperation by country one increases from 6.70% to 6.72% and that by country two increases
from 6.70% to 15.17%. Conversely, if the economies of creative scale of creators in a country
deteriorate relative to that of the other country, the incentive for this country to cooperative

increases significantly; that for the other country increases slightly.

Why does improvement in fixed or per-product creative cost in a country decrease the incentive
to cooperate in this country, while that in the economies of creative scale increase it?
Improvements in fixed or per-product creative cost and in the economies of creative scale all

increase incentive to create. However, improvement in fixed or per-product creative cost may
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incentivize all creative decisions, while that in the economies of creative scale may incentivize

marginal creative decisions more. Therefore, improvement in fixed or per-product creative cost
may increase incentive for creation more, reduces more of the loss from the competitive model,
than that in the economies of creative scale. Thus, the former may reduce the incentive for

cooperation, the latter increases.

Conclusion
We developed and analyzed a cooperative model of international copyright policy-making and

compared it to a competitive model. Our analyses suggest that cooperation in international
copyright policy-making improves global welfare. However, it does not always improve
individual national welfare. Therefore, international copyright cooperation is desirable in general

but may require “extraordinary” mechanism to be achieved.

Furthermore, the incentive for individual nations to cooperate depends on the characteristics of
the markets and the creative industries. For example, the incentive increases with consumers’
preference for variety, decreases with price elasticity, and increases with the gap in creative
economies of scales between countries. As the characteristics of the markets and creative
industries change over time with the developments in the economy and technologies, the
incentives for nations to cooperate in copyright can be expected to change. Empirical verification

of the results is left to future studies.
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Figure 1-4: Optimality of Baseline Solutions of the Cooperative Model
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Figure 5-7: Optimality of Baseline Solutions of the Competitive Model
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Figure 8-11. Difference in Global Welfare of Cooperative Model from Competitive Model
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Figure 12-15. Difference in Global Welfare of Cooperative Model from Competitive Model
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Figure 16-19. Difference in Global Welfare of Cooperative Model from Competitive Model
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Figure 24-27. Difference in Global Welfare of Cooperative Model from Competitive Model
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Figure 32-35. Difference in National Welfare of Cooperative Model from Competitive Model
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Figure 36-39. Difference in National Welfare of Cooperative Model from Competitive Model
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Figure 40-43. Difference in National Welfare of Cooperative Model from Competitive Model
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Figure 48-51. Difference in National Welfare of Cooperative Model from Competitive Model
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Figure 52-55. Difference in National Welfare of Cooperative Model from Competitive Model
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Figure 56-59. Difference in National Welfare of Cooperative Model from Competitive Model
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Figure 60-61. Difference in Copyright Duration
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Appendix A: Mathematical Procedures to Solve the Cooperative Model

Copy (16)-(19):
— n n a1l -5 et e
dlli_Dlsli(Z]‘:lSlj-l_Zi:lSZj) D1i Hj¢ip1j1 2 Hj=1p2j 1+n2-1 g, (t) (A.D)
— n ny a-l -5 R L St
d12i_DZSli(ijlslj-I_Zi:lSZj) D1i ° [ljzipyjmtne Hj=1p2j 1+n2-1 g, () (A.2)

a-1 _ _B _B
dyq1; = D152i(2?i1 S1; + Z:l=21 Szj) P20 [1jzippjmatna—t H;lil pyjmt27t gy (t) (A.3)

a—-1 _ _B _B
daoi = Dzszi(z;li1 S1; + Z:l=21 Szj) P20 [1jzippjmatna—t H;lil P12 g (t) (A4)

The demand for a creator’s product depends on the price of the products of the creators in the
same ways regardless of the specific creators and country of origin and country of market.

Markets only differ in level and in how demands change over time.

From 2L — 0, Omi _ 0, Omai _ 0, and 973t — 0 and the above demand function, one has:
Op11i 0p12i 0p21i 0D22i
)
P11i = P12i = P21j = P22 =P = Eb (A.5)
Plug it into (A.1)-(A4),
a-1 ,_
dyy; = D151i(2;2151j + Z:Zl Szj) pﬁ Sgl(t) (A.6)
a-1 o
dizi = D251i(27il Sy + Z?zzl 52j) pP0g,(t) (A7)
a-—1 _
dy1 = D152i(z;li1 s+ Z?:zl Szj) Pﬁ 691(75) (A.3)
a-1 o
dai = Dzszi(z;lil S1; + Z?zzl 521') pP=g,(t) (A.9)

Plug it into profit function (1) and (2),
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-1
my; = [D1G1(T) + D,G, (T)]Su(z;liﬁlj + 2?51 521’)“ pﬁ'—a(p —b) —c;(s1,) =0

-1
Ty = [D1G1(T) + Dsz(T)]Szi(Z;'li1 S1j + Z?:zl Szj)a Pﬁ_a(P —b) —c3(s21) =0

Where
T
G,(T) = j gi(®) e dt
0
And
T
G,(T) = f ga(6) e Vdt
0
From 2% =0, 77,, = 0,22 = 0, and = 0, one has:
rom Pey; , Ty = Ty ,and m,; = 0, one has:
c1(517) _ c1(s1;) _ ' ]
511 + (0( 1) 27i151j+2?=21 y =0 (511)
Ca(s2i) Ay Ce(a) e
Sai +-1 Z;-lzll 51j+2?=21 S2j €2 (521)

(A.10)

(A.11)

(A.12)

(A.13)

Assuming all creators of country one have the same cost function and so do creators of country

two. Then, by symmetry, s;; = s;; = s; and sp; = s, = ;. Therefore,

c1(s1) + (o —

S1

2

That is,

c2(s2) _
T (a

c1(s1) _ '
1) Nn181+ny S, - Cl (Sl)
c2(s2) _ !
1) n1S1+nys; - Cz (52)
a-1 _cq1(s1)

Nn151+N3S; c1(51)

a-1 _C (s2)

Nn151+N3S> c2(s2)

(A.14)

(A.15)

(A.16)

(A.17)
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From (A.16) an (A.17):

n _a-1  _ a-1
151 Na2S2 = c1s) 17 csp) 1
c1(s1) s1 c2(s2) s2

Marginal profit conditions (A.10) and (A.11) become:
[D1G1(Ty) + D2 G5 (T2)]s1 (51 +15)% 'pP~2(p — b) — ¢1(s1) = 0
[D1G1(T1) + Dy G3(T3)]s2(nysy + nzsz)a_lpﬁ_a(?? —b) —cy(s) =0
Demand functions (A.6) —(A.9) become:
di1i = Dysy(nysy + 1p82)* 'py 0P g1 (1)
diz; = Dps1 (181 + 125,)% py 0P g, (t)
da1; = D1Sp(ny81 +125)% 12 0pP g1 (1)
dzai = DpS2 (481 + 25,) % 1py ~0pP g, (1)

Consumer surplus (11 an (12) become:

a p—5+1 8 “ p=8+1_p=8+1 8
cs1 = D1(n181 + np82)* PP G1(0) = D1 (181 + np8,)* —————p"G1(T)

b—5+1 b—5+1_ —-5+1
5_1 pPG,(0) — Dy(nys; + nzsz)aa—_iPBGz(T)

cs; = Dy(ny81 + nys,)*

Zero profit conditions become:

c1(s1)_1
c1(s1) s1

a—-1
[D1G1(T) + Dsz(T)]S1< — ) Pﬁ_S(P —b) —c1(s1) =0

c2(s2) 1
c2(s2) s2

a-1
[D1G1(Ty) + D,G5(T3)]s; < — ) pP0(p —b) — cy(s2) = 0

From (A.27), (A.28) and (A.18), one has

(A.18)

(A.19)

(A.20)

(A.21)

(A.22)

(A.23)

(A.24)

(A.25)

(A.26)

(A.27)

(A.28)
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c1(s1) _ c2(s2) (A.29)

S1 S2
Average costs of creators of the two countries must be the same.

Consumer surplus become:

a a
-1 p—8+1 -1 p=8+1_p=8+1
€51 = D1 (c1é1)_i) 6-1 pﬁGl (Oo) B Dl <c1é1)_i> 6-1 pﬁGl (T) (A.30)

c1(s1) s1 c1(s1) s1

a a
-1 b~ 5+1 1 b—5+1 -
2 =D, (Cz{‘;)_i) —pPGy(x) — D, (ng‘;) ) DG (A3D)

c2(s2) s2 c2(s2) s2

Let

W = cs; +cs,

Then,

1 1
€1 s1

8

P
W = [D,Gy(0) + D, Gy ()] ( _"‘:1_)
c1 51
Note the global welfare W is a function of only T and s;. Similarly, W can also be written as a
function of T and s,. When creators in country one has significant cost disadvantage and are
competed out of the market, one has to use the form of W as function of T and s,. All the
following procedures are written for the W as function of T and s;. They can be written in

parallel for the W as function of T and s;.

First order condition of the cooperative model is:

aw p~o+1 8 " 1\ e =t 1)\ osy
a7 [D1G1(00)+D252(°0)] 7P (a —D*(— a) ——— — St |5
€1 51

b‘5+1—p_‘5+1 " N T e -t 1\ os,
_[DlGl(T)‘FDsz(T)]Tp (a — D*(—a) —1—5 ==

[Dlal<r>+uzcz<m(“ ) DN b (A32)

30



a
-1 b—6+1_ —-6+1 _ B
—< . ) 6_’1’ pP[D1g1(T)e T + D,g,(T)e YT =0 (A.33)

c1(s1)_ 1
c1(s1) s1

We need derivative of sy to T.

Take derivate to T on both sides of (A.27):

a—1
a—1
D, g.(T) + D,g,(T)]e s, | —— B=6(p—b
[D191(T) 292(T)] 1 e (51)_l p €% )
c1(s1) St

' 1 1-a
£ [D1G(T) + DG (T]pE~5(p — b)(a — 1) [(% _ §> F50

’ - " /2
—a) C1(51)_l ¢ c1 (s1ei(s1) — ¢4 +i %—c/(s)ﬁzo
ci1(s))  s; c12(s1) s;.2]lor PV oar
Thus,
r( ) 1 1—-
951 _ —[D1g1(T)+D292(T)]e_yT51(—CCll(;11) —g) i (A34)
' 1-a ' - " , .
or [D1G1(T)+Dsz(T)]A[(%—$) +Sl(1_a)(cc11((jl1)) 511) (Clclczl(_sﬁ ’si2>]—C1'(S1)
where
A=pP9(p—b)(a—-1)1 (A.35)
Equations (A.27) and (A.33) are only functions of T and s;. Collect equations:
c1 (sy) 1 1-a
fi = AIDLG1(T) + Dy, (M]sy (25 - 1) —ea(s1) = 0 (A.36)
11 1
' —-a—1 " 2
f, = E(—a) c1 (51) _ i c1 (s1)ci(s1) — ¢4 i %
? c1(s1) s c1%(s1) 512 ] aT

c,(sy) s aT

~[F1G1(T) + F,G,(T)](—a) (@ - l) (61 (Sl)cjlz((?l)) — Sl%) 7
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—-a

~[F: (1) + Fogo(M] (222 - 1)~ o7 = (A37)

c1(s1) st

Where
A=pP9@p—b)(a—1)1 (A.38)
E; = D; - pﬁ' Gy (o) (a — D) (A.39)
= (o) (a — 1)* (A.40)
E=E +E, (A41)
F, = D, %pﬁ (@ —1)® (A.42)
Fp =0, b (g — 1) (A43)
And
ons _ 10u0a (1 Du g 1oV (580 2)

= (A.44)

c(s)ll_ c(s)l_ac"c c’z 1

1151 1151 1¢1-¢1 !
[chl(T)+D2G2(T)]A[<C1(51) _E) +51(1_a)<c1(51) 51) ( c12(s1) S12>]_C1 (s1)
Equations f; and f, only depend on s; and T. Newton’s Method requires derivatives of f; and f, to

s; and T.

of; <
—— = A[D;G(Ty) + D,G,(T)]
651

c1(s1)  s1

C1,(51) 1 )1_a

¢1'(s1) 1\ % ¢ "(s1)c1(s1)—¢ 2 1
FAIDLG1(T) + Dy 6o (DI = @)sy (H — ) (FEF =+ D) —ci(s1)  (Ad)

c1(s1) st c12(s1)

1-a

U = AID1g1(T) + Dygy ()]s, (222 - 1) (A.46)

c1(s1) S1
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2
fa ¢ '(sp) 1 e ¢ (s1)cy(s1) — Cl’2 1) ds;
6_51 =ECa)(a-1) <C1(51) - §> ( c12(s1) * 51_2> aT

c1(s1) 51

’ - _1 " " ’ " " /2
c; (51) 1) et 20 €1 €4 —Cq 2 \0sy
— 2, 22 1 _ =222
c12(s1) ¢13(s1) s13) oT

+E(—a) <

r - _1 " /2
¢ (s1) _ 1) ¢ <C1 (s1)ec1(s1) — ¢ 1 > 0%s;

ci(s) s, c12(sy) 12 ) 8Tds;

+E(—a) <

¢ 1 ma2 ¢, ¢c;—c¢ 2 1 285
1 16— C 1
—[F,G1(T) + F,G,(T)](—a)(—a — 1) <c_ - ;) (61—2 S_2> T

1

¢ 1
—[F1G1(T) + F,G,(T)](—a) <C_ s

c12(s1) T TRy P )on

—-a—-1 " " ro " 2
> L ¢1+¢ ' —2¢c ¢ €1 €4 —Cp 2 \ds;
1 51

’ - _1 " l2
¢ (s1) _i) ¢ <C1 (s1)cy(s1) — ¢ n 1 > 0%s,

—[FlGl(T)+Fsz(T)](—“)< O c12(s1) $;2 ) 0Tds,

Clr(51) 1 —a-1 C1”C1—C1,2 1 _yT
~[Fgi(D) + Fg,(DICa) (2 -1) (4 e (A47)

c1(s1) s

! -a-1 " 2
% — +E(_a) €1 (51) 1 “ Cq1 (51)C1(51) —C + i 0251
or c1%(s1) 5,2/ 0T?

c1(s1) 51

’ - _1 " l2
c1 (1) 1) ¢ <C1 (s1)cy(s1) — ¢ n 1 >6251

—[F1G1 + F,G,](—a) < 2(s0) 5272

’ - _1 " /2
c1 (s1) _ i) ¢ <C1 (se(s1) — ¢ n 1 >%e‘ﬂl

—[F19:(T) + F,g,(T)](—a) <c1 G s 1% (s) 51_2 aT,

~ (28 1) R [y (De T~y g (De V] + Byl (Te ™ —ygp(De ™™ (A48)

c1(51) S1

We need second order derivatives of s; to s; and T.
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0%s;
dTds;

' 1-a ' -a " 2
1-«a

' ' —-a " 2
260+ D,GA|(SE9 - 1) -0 (289 - 1) (% ' Sliz)] -6/

/ 1-a
—[D191(T) + Dy g,(T)]e " Ts; (% _ %)

- ' 1-a ' —-a " 2 2
{[chlm +D,G,(1)]4 [(M -3) sa-o(SEY-4) (% + sliz)] - cl'(sa}

c1(s1)
X {[D1G1(T) + D,G,(T)]A[H] — ¢4 ”(51)} (A.49)
0%sy
T2
1-a

—[D1(g1'(T) = y91(T)) + D2(g2'(T) —vg2(T)]e ™" s, (% - %) A

* ' 1-a - e » -
o nemnl(E-2) e a0-0 (38 -3) (s b e
i (sy) 1 1ma
~[D1g1(T) + Daga(Mle sy (S5 - )

2

1_

{060+ D6, (289 - 1) 4 i1 (289 - 1) " (8t L] )
X {[D191(T) + D92 (T)]e ™" A [(% - i)l_a +s5;(1—-a) (Cc—l1 — i)_a (Clccll—_zclz + ﬁ%)]} (A.50)

Where

' —-a " 12
¢ (s 1 ci C;i—C 1
HEZ(l—a)(l(l)——> -2+
c1(s1) 51 c12(s1) S1

2
c;(sy) 1 Tt c;'c;— ¢y 2
+(1 - a)(—a)s; <_C1(S1) - s—1> <—C12(S1) + 51_2>

, —a " I " 2
¢y (s1) 1 1 C1+cq €1'-2¢4 C 1cy €1—C 2

(-0 (2-1) " (aaraatian _pratca _2) (asl)
c1(s1) S1 c1%(s1) c13(s1) S1
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And

A=pP(p—b)(a -1

Finally, copy (20) and (21)

- i r<T(1-8)

g )= T
6 otherwise (A.52)
- i r<T%0-8)
- ,(1—
g, ()= T ’
0, otherwise (A.53)

Now Newton’s Method can be used to compute T and s; (or T and s; if creators of country one
has cost disadvantage and are competed out of the market). With s;, one can use (A.29) to
compute s (or vice versa). Then, one can compute total number of first-copy products by (A.18)

and cs; and cs; from (A.25) and (A.26).
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