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Abstract

This article cousider the copyright protection of second-hand game soft-
ware taling accouut of the need o reward creators for their developinent
efforts. We analyze two alternative policies: The first permits a creator to
carn royalty from the frade in second-hand software. The second allows
developers to raise the transaction costs of second-hand software. We con-
clude that, when the royalty required to reward a fixed amount of creator’s
investment is low, the first policy yields higher welfare than the second.
This paper also shows that the second-hand goods fend to be a substitute
for new goods, when the demand is inelastic.
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1 INTRODUCTION

Game software has becorne a major industry in recent years. Linked with: this,
questions of formulating optimal copyright laws for game softwarc have become a
major concern. Under current legislation, game software Is protected by copyright
law in order to prevent the copying or reproduction of the original. However,
it also allows comsumers to legally sell on software in the second-hand market,
thereby beecoming another “supplier” of game soffware. This type of behavior
by consumers reduces the creator’s profit, and erodes the creator's incentive to
develop new games. This negative incentive offect has led creators to demand
protection of their copyright on second-hand game software.!

'The main purpose of this paper is to analyze whether the government should use
a “stroag copyright policy” on second-hand goods. This would grant creators the
right to carn royalty from the trade in second-hand software in order o roward a
creator’s development effert. This policy approach is compared with an alternative
—a “weak anfitrust policy” permitting the creator to raise transaction costs in the
market for second-hand software through pressures on retailer, or through digital
data protections.

In order to analyze the two policy alternatives, two models are employed. These
models differ in their formulation of the profit function. In the model of a strong
copytight policy, the creator can earn profits from both the new and second-hand
market. In the model of a weal antitrust policy, the creator can earns a profit. only
from the new-software, although the creator can reduce the demand for second-
hand software by ralsing transaction costs.

This paper shares the aim and methods with the researches both on the intellec-
sl property profection, and on the second-hand market. Onr approaches to the
optimality of the policy is that of the theory of optimal patent. The government
adjust some policy variables for rewarding fhe creator with the fixed amount of
profit required for innovative efforts, and maximizes the welfare.

As for the second-hand market, there exists a wide body of economic litera-
tures. The role of transaction costs for frade in second-hand goods is analyzed in

In 2000, the market share of second-hand game software exceeded 30 percent of the whole
game soffware market in Japan (Sce CESA (2001)). Makers think that the wide-spread use
of second-hand software decreases the demand for new-software and lowers s price. In addi-
tion, the development costs for a new title are increasing rapidly, reflecting the ever-growing
bardware capacity. The second-hand market discourages crestors from investing in costly game
devalopient. This Lias led firm’s fo propose a royalty systent.

This proposal may not be an extreme one. Note that creators are already granted e right to
earn royalty from the “rental” of music-CDs and movie videos by copyright law, and that the
royalty income from the rental is regarded as an important source of the creator's profit, in these
industries.

Anderson and Ginsburgh (1994) hased on the relevant micro foundation.

The resale royalty right for the artworks is analyzed by Solow (1998) in a way
similar to the analysis of second-hand goods. Hendel and Lizzeri (1999) {Bulow
(1986) and Liebowitz (1982)) show that the rental system which perrits the firm
to control (scxap) the quantity of sccond-hand goods in the second-hand market
may improve welfare.

This article shares the ideas with Anderson and Ginsburgh (1994): The role of
the heterogeneous preferences over the new and second-hand goods; the interaction
between the price of new goods and that of second-hand goods, and so on. Along
with these idea, we will formmlate a model relevant for game softwares, rather than
for the normal durable goods analized in Anderson and Ginshurgh (1994).

Regarding the optimal policy towards the second-lhand market for gaine software,
the analysis presented in this paper comes to the following conclusion: when the
amomt of the reward required for the creation is low, a strong copyright policy
vields higher welfare than a weak antifrust; however, when the required reward is
higly, the result is reversed,

The remainder of this paper is arranged as follows. The basic formulation of
the model and the optimal behavior of the monopolisis are presented in section
2. The difference of the economic impact between a strong eopyright policy and a
weak antitrust policy is shown in seetion 3. The conclusion is presented in section

4.

2 MODEL

2.1 Basic formulation

There is & monopolist supplying a title of game software protected by copyright.
The second-hand market opens for the second-hand software, In the second-hand
market, the consnmers can freely trade the software with each other.

The creator’s profit and the consumer's benefits pained from the new-software
and the second-hand softwaze are affected by the policy and the level of protection
for the second-hand market. We consider two types of policies. The first is a strong
copyright protection policy, whicli grants the creator a right to earus royalty by
o per unit of traded second-hand software. The other is a weak antitrust policy
which permnits the wonopolist to prevent the distribution of second-hand software
by raising the transaction cost by 8 per unit of trading the second-hand software.
Throughout the remainder of the paper, we distingnish the variables of each policy
also with the scripts “a” and “4”.

fedet it
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The creator’'s profit functions under each policy are given hy

"Tu(pn; G) = QTe(pn; Of)Pn + s (pn; &)Oﬂ, (1)
Wﬁ(pﬂ; 8) G (Pw BP0, . (2)

where p,, is the price of the new-software. The two finctions g% and ¢¢ denote the
demand for the new software and second-hand sofiware, respectively.

The creator needs to invest in the development of new game by a fixed amount
#. We assume that the game is not developed, if the ereator cannot carm the profit
larger than #,

Now, we formuiate the consumers. Consumers, indexed by 4 (4 € [0, 1)), choose
between the following different types of action s;; [1] To buy new software and
hold it (T) ; [2] to buy new sollware and scll it as sccond-hand software, (I) ; 3]
to buy second-hand software (J) ; [4] not to buy (Z). The value of a sofiware of
these options is £, 7, J and sero, respoctively. To characterize the nature of game
software, we assumme H > I > J > 0.2 Let p, denote the price of second-hand
game software, The utility [unction is

8:H — p, for 5;,=H
O —p,+ps for s;=1
Ulsi, ) =< * " ! . 3
(54, 84) &I —ps—p for s;,=1J ®)
0 for s, =%

The variable &; is consumer ¢’s taste regarding the soffware. The parameter y
represents the additional costs for obfaining the second-hand game, representing
either the royalty & or the transaction costs 8. In addition, the following assump-
tions is placed.

Y=I+J-H>0, {4)
8; € [0, = 1} distributed with density f(8) = 1 for any 8. (5)

The nterpretation of assumption (4) is that the consmner H's willingness tc pay
is lower than the sum of fwo consumer I's and J's one, for the given common value
of ¢. We can show that, if this inequality doesi’t hiold, the second-hand markei
cannct exist. For the ease of expression, lethe X = H -7 + J,

20ne interpretation of the assumption H > I > J > 0 s as following., The value of & game
consists of three sub-factors: [1] the basic value (); [2] the value of playing the game during its
boom {b); [3] the value of the repeated playing after the boom ends {c}, and is lormulated as
H=a+b+e I=a+boudJ=a+e where b >

4

2.2 The second-hand market and the demand for the new

game software

Each consumer chooses an option smong H, T, J, and % s0 as to maximize
utility. An utility maximizing option s for the consumer with taste 8 is given by
Ulr,8) > U(t,0) for ¥t € {H,1,J, Z}\r for given p,, p., and p.

Let By (also 63y and 8;7) be the lowest ¢ of the consumers choosing H (also T
and ). We hawe Oxr(pa) = pof (T = 1), 01s(prs s 1) = (B — 204 + p3/(1 — J),
and 8;57(ps, t) = (ps + p)/J. We can show that, if all of the options is chosen
hy consimers as the resnlt of ntility maximization, it holds the inequalities § >
Brr > 815 > 855 > 0.3

Consumers located I [fgy,J} choose H, Similazly, those in [8;7,85;] choose I,
those in [z, 8rs] choose J, and those in [0, 6;,] choose Z. Thus, the demand
for second-hand software is ¢P{ps;pp, ) = 017 — Orz. The supply for that is
43 (Pes P 1) = 0—8r for 8 < By (pe), and is 5 (pe; y, 14} = Orzr—0ps Tor O1(ps) <
4.

According to tle value of p aud the state of the second-hand market, the space
of py is divided into three segments, Sp(p), S1(p), and Sp{).

So(p) = {pl(D+ T+ )/ 2T < p},
Si{p) = {pl(H/Y)n<p < (D+ T+ Nuf(20)}),
Slp) = {plp < (H/Y)u}

If p, is in Sp, all new software is resold in the second-hand market. In other words,
the ruraber of consumers choosing H is zero (8;; < 6). This state cceurs when
P 18 high, and therefore, p, is also so high that all of consitmer resell the software
in the second-land market. If p, is in Sy, then sll type of cheice H, I, J, and Z
appears in equilibrium, If p, is in Ss, then the second-hand market closes. The
P i5 50 low (or g is high), and therefore, p, is so low that nobody has iucentive
to resell the own software.

The equlibrium of second-land market is, with letting be D = (I — )J +
AI(H -+ (H-D{I-J),

ez dU) g o So(u)

a7

Di(pa,p) = ¢ UE=D@EaURI) g e g () (6)
0 for pn € Szlp)
WD 0etid for p, € Splu)

Te{pa 1) = M"EEE for p, € Si(p} {7
0 for pn € San)

*In other word, we can show that, if {8lU(r,6) 2 U(i,6) for ¥t € (LI, ZN\r} # # for
¥r € {H,I,J, Z}, then it Lolds the inequalities 8 > 0x7 > €rs > 8z > 0.
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Figure 1: Demand for new software and transaction costs (or royalty)

where D > 0 from the assumption H > I > J > 02
Now we consider the demand for new software, which is given by gu(py; Pr, it) =
f — Gr;. By substituting (6) into gn(psi P, 1), we obtain the demand for new
software
(rNofetil for py € Splp)
Gu(pn, ) = § B0 for g Si(p) . (8)
1—-(3) for p, € Sa)
The overall shape of the new demand is drawn in Figure 1. The demand of g > 0
is shown by the Lne Al-A2-A3-A4, and that of 4 = 0 is by the line (T4+J)-A4,
respectively,

We cau rewrtte D as 3JH — (I 4+ 7% or HX — Y2

8
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The equation (8) implies that the increases of y doesn’t always increases g,.
When p,, is in Sp, the g,(pn, ) is decreasing in ;2.5 'This means that both the
consumers and the creator will hope u to he zero.

When p,, is in Sy, the demand for new software g, is increasing in p. This means
that the government can incresses the profit of the creator by raising p.

Below, we focus on the segment S, with omitting the discussion on Sy and Ss.
The reascn for omisting Sp is that neither types of the policy can improve the
creator’s profit in S, since 7{py, @) s decreasing in p. The reasou for Sy i that
the second-hand market closes in ;. €

The creator chiooses p, 50 as to waximize the profit. We Lave, with lettiug be
fo = (DV)/(HX + D),

so(e) = (D4 9¥a)/(2x), ©)
#a) = (H -1 - a)/X, (10)
o [ (DY) for B<f
wio) = { (HB)/Y for fy <A< (V/2) ()
o [ (H=DUID—(D+JV)B/DX) for f< 8
o - {§ A B
The value of the profit maximized is
7 () = (D+4Ya+ La?)/(4X) for o < V)2, (13)
" (D+Yﬁ)2/(4DX) for <5
e) { By -pB/Y: dr gep<yp O

|

Let i = 7°%(0) = 27(0), be the profit under no protection, snd lot e, =
7 (V/2) = 77{Y/2) be the profit under the strongest probection.

3 Welfare Comparison: Strong Copyright vs. Weak
Antitrust Policy

In this section, we will answer the question which policy is better for rewarding
the creator by the fixed amount equal to the development costs 7.

Let TW*{a) and TW#(S) denote the total suzplus realized in equilibrivm un-
der the protection level o or 5. Let k% = 8¢ () be the welfare loss from the
transportation costs under the weal antitrust policy, and k® = 0 be that under

8This result is consistent with Anderson and Ginsbirgh (1994),
5The optimal poliey for these segment is simple. The optimal policy is ¢ = 0 when wph, =
0) > . When m{p},p =0) < #, not to develop the game is optimal,

7
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the strong copyright. The total surplns is
- # i B3 .
T zf 8Hd9+f Bldﬁ+/ QJde — k' —wfort =, f. (15)
Oh) L] 3z

The first and second term of (15) is the consumer H ard T's surplus plus their
expenditures to new software. The third term is the consumer J's surplos plus the
J's expenditures either to the royalty or the transportation costs,

The goal of this paper is to evalnate the difference of the total surplus with the
amount of reward being fixed at # — that is, to evalnate the function,

(i) = TW(a) ~ TWP(S) with 7% (&) = 77 (8) = #.

By calculating (%), we can determine the whole shape of . The whole shape
of i is given by the line N-A-B in Fignre 2. For # < i, any protection is
1ot reguired for the creation (o = 0 or # = 0), and therefore both policy are
indifferent. This trivial case is iliustrated as the line N. For fmn < #, the line A-B
shows that M{#} is positive for the small #, and negative for the large # Thus,
except for the trivial case, we obtaing the following conclusion.

Result: When the amount of the reward reguired for the creation is low, the
total welfare realized under the strong copyright policy is larger than thet under
the weok-untitrust policy. However, when the amount of the reward required is
high, then the result is reversed,

The stroug copyright policy effects on the welfare in two ways., Tle first is positive
one. The royalty income reslized under the strong copyright policy is counted as
surplus, whereas, the transaction costs muder the weak axitrust is not. The second
is negative one. The creator under the strong copyright policy have an incentive
raisiug py, since the toyalty income og!(py, o) is increasing in p,. This incentive
leads also high p}, and reduces the surplus. Since g*(p,, ) is decreasing in «, the
royalty incowse og) (pn, o}, which is the source of the positive effect, is dominated
by the negative, if o is high.”

4 CONCLUSION

This article cvaluated two alternative policies vis-a-vis the second-hand market
for game software, taking into account the need to reward a creator’s (fixed) effort.

TAs shown in Result, th(#) take the positive value at least for the low # We can show
that this advantage of the strong copyright policy is based on the consumer’s royslty payment,
which Is, under a weak anfitrust policy, consumed away as a transaction cost. To see this,
suppose the transaction costs is to be faken into aceount of the surplus, that is, let evaluato
(&) — Bel* (B(#)}. Some caleulation ylelds the inequality 7(#) — A{A)gl* (H{2)} < 0 for Fpam <
# < fmaz. This insqnality means that the wellave inforiority of the weal antitrnst poliey is based
on the transaction cost ter &7 in (15).

Strong Copyright
ig better

Weak Antitrust Fmin (o) Tnox
is better

Figure 2: Welfare coluparison

It was shown that the policy which the government should choose depends on the
amount of rewards for the creation. When the royally required for rewarding a
creator’s effort is low, & strong copyright policy granting creators the right to force
second-hand seftware dealers fo pay royalties is the superior approach. This is
favored by Japanese game software makers. However, the result is reversed when
the royalty is high. In this case, the socially preferred policy would be a weak
antitrust policy under which the creator is permitied only o restrict the trade in
second-hand goads and thereby to raise the transaction costs,
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A Why does 0 > 0y > 6, > 6, > 0 hold?

Our problem is to show that § > 8y > 617 > 617 > 0 is eguivalent to O, # @ for VE,
where O}, denote the scb of § under which the utility maximizing action of the consumer
with 8 is k € T, where T = {H,1,J,Z2}.%2 That is @ = {8|]U(k,0) > U(s,0) for Vs €

k).
By maximising ntility, we have
By = {819 >8> waxPrr, 0us, fu 2]}, (16)
By = {19[5‘111 /I m;Lx[GU, 5‘[2}}, (17)
8y = {6,].1’.\111[31:], gHJ’] =0 HJZ}, (18)
Oz = {0|min[lyz, 0z, 042] >0 > 0}, (19}
where S
Brip =~ =i s =
HJ‘HIBHJpﬂz_J»Gpr
P 4P — U e
6ry = T—7 Orz = — (20}
§rp = Lo +p
E=TT

New we consider & compatible with 8y # §. The requirement ®p £  implics two
inequalities By > 6y, and @5 > 875, These also imply from (20],

Omr > 015 & Oy > 0uy, (21)

b1y > bz & 01z > 8z (22)
Similarly, The requirement 8 ; # § yields

Oay > 85z & Ouz >z, {23)

By >0z < Oz >0z (24)

From (23) and (24), min[@ps, iz, 852] = 85z. Thus, it must be that Oz = {88z >
¢ > 0}. Furtherinore, from (21), we obtain Ogz > 877 > f7z. The inequality 85z > Or
yields 87 > Oz, This inequality and (21} iinply max[@5r, 05y, 6] = Omr. Thus, it
must be that O = {6|7 > 6 > 6z}, From (24), it must be O; = {0|8mr > 8 > 814},
From fgr > By, 1t must be @5 = {HEGJJ >8> g,jz}.

From these discussion, when Oy #£ §§ for all k € T, the following property is shown:
(1] 8 > 61 > 8ry > 64z > 0 holds; [2] we can treat 57, 87y, and 87 as the lowest
valuation of consumer for each option; [3] @ NO;NB; NO, = .

B Proof of Result

B.1 Result(i)}-(v) of page 10
For historical reason, the proof is indirect way. we consider the function m(8), not
m(#). The m(A) is defined by
m(f) = TW(&(B)) - TW*(8) with =**(&(B}) = = (8}, {25)

8The quality of the proof shown in this seetion does not take into acconnt the Jeasibility such
ag the equilibriwm condition f, FE)d8 = Jo, F{6)d8.
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Ronghly speaking m(@) is not based on #. The reader ran find the derivation of m(#)
from m(8) in Appendix C.
At first, we consider the segment § < fp. In this segment, the value of m is

YD -Y./Z(F] 4HX —2v* P

mh) = DX 8DX
Z(B3 = (DY) -2DYpP - DY?4°

Differcutiating m(B) with 8, we obtain

dm(f) Y dZ | Y 4HX -2y?
@ " wpxyza ax DX P
_ Y dZ | (DY —(D+HX)H)
"~ 8bXVZdB 2DX
_ ¥ —2(D* + DY?R) DY —(D+HX)B (26)
4DX J(DY)? -2D%Y[F - DY % 2DX

The absolute value of the numerator of the first term in (26) is incrensing in A and the
denominator is decreasing in 4. Since the second term is decreasing in 3, we cbtain

dEmfdf < 0. (27)
Substituting zero into § of (26}, we obtain

dm{f=0) _—2DY? Y _ ¥
g spvx taxoax oV (28)

Next, we calenlate the value of m{fg). The value of Z{8) is

DY B 2 2D DYHDY)
Z(HXJrD) = (Y- HX+D (HX+D?
Y2{D1/)2
= DR (29)

Substituting this equation into m(S8}, we obtain
Y*D DYVEX N % &
1DX " ADX(HX + D) ' 4DX(HX + D)
_YD(HX + D) - DYVHX - D*Y*?

mfh) =

ADX(HX + D)
Y2/HX
= ~X@EXTD) {(VAX -v} <0 £30)

from HX ~Y? = D > 0. The second term of (26) becomes zero if f = fy = (DY/(HX +
D}). From (20), i is obvious that the first term of {26) is negative. Thus, we cbtains
dm(fp)/dB < 0.

Thus, atound g = 0, a strong copyright policy is better than & weak antitrust policy
from {28). However, as shown n (27), such a positive offcet is decreasing in 4. At
B = [, the value of m is negative. .

11
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In crder to meet: the claims of Result, all of £ used in above proof must be replace by
,B( ). The value of 3 is given by

m _vio Y!{HX 4XF for Wﬁ‘(o) <R < ’.Tﬁ*(ﬁg) (31)
M for wP(B) < # < H/A !

20
furshermore, .
dp(a)/di >0
) far? > 0,
This means that the sign of (dm/dg)(dB/d#), et is the same as {(dm/d8) shown in this
proofs.

B.2 The role of transaction cost

We consider the valie of TW® and TWP + Bgl*, which are rewritten. as

A - 3HX -Y? YZD Y7 z
W) - g, 20
3HX -Y? YV . 4D +Y?
WA = Tt epx P

The difference of those two equations is

if) = _YD-v /2@ |

DX 2X ﬁ ’

We obtains from this equation
din _ 2V (DR + DYZﬂ)
dg ADX\Z(B)

The first term of this equation takes the maximum value for 3 = 0, although even the
maximum is still negative. Thus, the value of (32) is, at most,

¥ 1
- (ﬁ - Eﬁ) <0
This means A(B) < D for (0 £ 4 < ¥/2.

Mﬁ (32)

C Some calculations for deriving the equilibrium
value of the prices, ontput, and the creator’s
profit

C.1 Calculation of (7)-(8)

This section shows the derivation of (7)-{8) from the basic asswmptions.

12
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The eqmilibrium condition for the sccond-hand market is ¢¥ (pt; =) = 4P (p3; »), which

is written as

Ps  Pn—?e—l  Pn—2ps—f Pt p
H-1I I-J I-J J
for HH] = mjn{@r;;,ﬁi.
1
1 4 1 il
PS{ﬁ*f__J""j} Torta=l
1
x H—D@Jpe — I+ )

b T N Al H-DYH-DI -0
Now, we derive ¢f from (34) and the RHS of (33), Those two equations yield
o_ L [=lpu+u)D 3 QH -1 J)2Jpy — (I+ D))
TN { D }
The numerator inside the braces of this expression is,
— I -+ (H-D{I+3J)—2J(2H ~ I - 1)) pn
T = B (B I 30) — (4 DY@H - - T
!
(I = T} Xpr — Hy)

From this expression, we obtain

(33)

q*l e w for PRE(H/X)JJ
IR 0 for pp < (H/X)p
Nex#, by substituting (34) into 857, we obtain the range condition 857 < 0 such that
D41+ )y
< et T
Pn =757

These expressions are the middle and the last case of (7).
The ecquilibrium condition in the case for dy; > ¢ is

GoPe=2py— it Pu—Ip—ph Pt h

I—-J I-7J J
I
Pn—2ps— i  pitp
g2 T—7 + i =0
1
_ 2py — I+ Jp+JI-J)
ps]gﬂ'[ i — T+3J

By substituting this price into the LHS of (36), we obtain
.y _ 2Jpy, — (P'n + 1)
QS!BS\‘}m - T+3J
This equation is the first case of (7).
The demand for new software presented in (8) is derived by substituting g}

(36)

!omgﬁ

and Py, g into 7 — 8y;. The last casc of (8) is derived from g = § — 2 where z is

U(H, z)=0.

13
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C.2 Calculation of (7)-(8) to (14)-(11)

TIu this subsection, we derive the equilibrimn value of the new-software price and the
creator’s profit shown in (11)-(14), starfing from (7) and (R).

The two demand functions {7) and (8) consists of three scgments. The creator’s
maximization problem is solved by deriving the optimal price of new-software for each
segment first, and checking the range condition by substituting this optimal value into
the range condition. At first, we consider the creator’s profit under the a-policy for the
segment. Sp. The ereator’s prefit function is

TP, ) = %}%—-}@{pﬂ + &) — F for p, > E—%t@ (37

The first order condition for maximizing this function yields

N I+7
pnlsu == T
z
2T+ T)2,0) — 4%%

However, this level of profit cannot be achieved, since we can show that the restriction
on py, of (37) is binding. That is to say, (I+J)/2 is always lower than {D+ {7 +J)a)/2J.
Thus, 7%}g, < (I + JA)/(A(T 4 30).

Next, we consider the creator’s profit realized in segment S1. In this segment, the
creator’s profit and the I'OC arce

D—Xpa+Ya Ypn—Her

Wa*iSl ko) Pu D o I
H D+ (I+JDa
for e < pp and p, < ——(2:;—) (38)
dn™ls, D —2Xp,+2Ya =0
dpn - D -
Thus, D4y
" o
Pl = =g

By substituting this equilibrivin price ingo 7®*|g, and its rauge condition, we obtains

o DAY — 4o
Ty = =

— < o<
2 Ffrd<a< 2 {39)

We: can show that the inequality p, < (D+{I+J)w)/(2J) in (38) is not binding for any
o. We can also show that some caleulations yield 7%*|g, (p2*|s,, ¥/2) i equal to H/4 —
the monopolistic profit when the second-hand market docs not exist.

Finally, we consider the profit of segment Sy, which is

H
= (1 - %) Pn for py < ?a (40)

The oquilibrium price and profit are pf*|s, = H/2 and «% = H/d for o > {¥/2)
respectively.
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Now, we derive the equilibrium profit for the -poBicy. A similar ealculation is applied
in the case of the S-policy. We omit showing the derivation of the oplimal value for S
and 55.

The profit function for segment 94 is

— By H
8 (py; B) = Wﬂﬂ for =0 < pn aud py < g (41}
The FOC is D — 2Xpf + Y8 = 0. This yields
D+YgS DY
B — A< =
o 54 fmﬁ_HXJerﬁn (42)

and, for fy < < (¥/2), g = (H/Y)B. 1§ > (V/2), thon pf* — (H/2). By
substibuting these optimal prices into (41), we obtain (14).

D Calculation for ()

In this scetion, we show the calenlation for deriving h(#).

D.1  Calculation for 7% (a) = 77*(53)

Tn this subsection, we show the calculation for deriving the value of o which satisfies
7% (o) = T (5).

The equilibrivm profits shown in (13) and (14) are rewritten as

1
™) = ox {D2+4DXYa—4Da2}
. 1
lim(B) = px {0 +2DYB+YS)
" H. H
7 |sza(8) = vh- ‘Y—gﬁz-

At first, we consider the condition for 7% = 78|g<s,. This is equivalent to
400 —4DY a4 2DY B +Y28% =0

!

1
[ — iy 2132
o=5 {4DYj:\/16D Y2 16D(2DY§ + Y25 )},
where Z(8) = D*Y? — D(2DY 3+ ¥23%). Thus,
Y VE
=3 9

The positive operator of the second term is excluded by the range condition o < ¥/2.
Thus, & = (¥/2) — VZ/(2D).

15

ﬁ
%
|
i
|




Iaw and Frononics Review vol. I, N, 1{Novenber 2004)

Secondly, we consider the condition for 7% = #f|g>5,. This is equivalent to

DY .
X "X T x

1
am b=\ V)

H, H
vhtyal =0

where
HX HX HX
vie) = 4 —ﬁ e ﬁz
1 2
= X (5 pf)
Thus, we obiain
ap) = Ynfz*\f‘z(ﬁj/(‘?D}: for DA< (43)
Y/2—+/V(B}, for fpL@LY/2

Z() = (DY)? - 2DY 3 — DY?4?
V(8)=HX — (AHX/Y)B+ (4HX/YH)E*

D.2 Derivation of A(7)

In this subsection, we show the caleulations for deriving ,é(v"f), under which the creator
ran earn the profit eqnal o 7,

By the definition of ﬁ, A must satisfy 72 (B) — # = 0. That is to say, the & part of
(14) is oqual to #. Thus, for § < By, from

s (DyYHR
i, () - LA g

wi obhains
, (-p+ VADXF)
Bli) = {84)

Similarly, for 8y > 3 > Y/2, we obtains
oY — AV — 1075

i) — ) (15)
D.3 Derivation of 1 from m
By substituting (9), (11}, (10) and (12) into 87, 01 and 037 of (15), I obiain
oy L SHX-YE 1 o,
TWoa) = - ZYQ Flor0<aeLY/2 (486)
SHX -V? ¥V AHX-V? ,
ML g+ a o py 0<f<
TWOE) = { o 8%, w? DX P <= (47)
2 N .
5 gyt for fo<A<Y/2
18

O EFRETS 1815 Qo04EILE) L

By substituting (43) into (46), we obtain the intermediate fanetion m{8) = TW®(&(#))—
TWA(3)}, which ig given by

m(ﬁ){ CEINT 1 - EER =ma for 05 <

(\/_ Y)B (- - —,s =myforpo<p<y/e ' (“8)

where the expression inside the first parentheses of the last case of (48) is positive from
D=HX-Y'= (VEX -Y)(WHX +Y) > 0.

By substituting (44) and (48) (48), we obtain the function M (#). Let &g = 7/ (8).
The function 7 is

0 for & < Fmin
M) = § alf) for A ST, (49}
mp(f) for fip €7 < Fman
where
o Vi wWEHX —4X%  -D+ADXi -
Mald) = - i + e (50)
_(2HX —Y%)(-D -+ VADXFP (51)
4DXY?
. VHX VH? ZAH%
WBW)“““E?(VHX“Y) —F
Dy \?
foo= P _PE
o = n(f) = wx (D+YHX~}-D)

ey = .irﬂ’*(y/g) = Wﬁ*(Y/@ =7

Some calewation yields (1) moa{fmin) = 0, ma(Fmin) = ma(Fmin) < 0 () ma(Fmee) =
0; (i1) dma(fme)/df > 0 and dma(fo)/dir < U; (v) dmi(R}/di? < 0 for any fmm <
# < Fo; (v) dng(®)/die > 0 for any 4 > #p. From (i)-(v), 7 can be shown as Figure
2. The line N-A-~B represents the whole shape of #(#). The line A in the figure shows
Ha{#), which s increasing at # = 0. However, as incrsssing In #, the slope becomes
small, and becomes negative at # = #%*(8y). The line B shows /g (#) and is approaching
o zero from negafive.

17
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Optimal Liability Rule under Moral Hazard
Yoshinobu Zasu
Graduate School of Economics
Osaka University
Abstract
The present paper examines optimal liability rules with or without insurance
when risk averse parties act under moral hazard.
Liability rules mainly have two forms: strict liability and negligence rule.
Strict lisbility serves as a complement of negligence rule in many countries.
The paper explains these reasons by asymmetric information between courts and
injurers and/or between insurers and injurers.
Additionally we show that we have tec consider the effect of risk sharing in
a liability rule making when no insurance is available.
When insurers cannot observe injurers’ actions, we show that strict liability

with full liability is socially desirable.

Keyword: Tort, Negligence Rule, Strict Lisbility, Moral Hazard
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