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Endogenous Timing in a Mixed Duopoly: A Relative-payoff
Maximizing Private Firm vs. a Welfare Maximizing Public Firm

Kazuhiko Kato

Abstract

We examine the observable delay game in a mixed duopoly where the public firm and the private
firm compete in quantity in the case that the objective of the private firm is to maximize the relative
-payoff. Suppose that they have different cost functions and the marginal production cost of the pub-
lic firm is larger than that of the private firm for any positive output level. In the sub-game perfect
Nash equilibrium, the public firm acts as a Stackelberg leader and the private firm a Stackelberg follower,

or the public firm acts as a Stackelberg follower and the private firm a Stackerberg leader.
1. BL®BI

g (2007) I2BWT, REEOBWSHMMAERIETH), AEELOREHELEEIL
B, (S) AREEACENERICEERZRETLIHSG, (D) FLDICARENIEER T RE
L. RICAEEREERZRETAEA. (F) BLOICASENEERZIEL, RIZASED
AERERETSHE, OETOREIIBVT, BUHTIIEEEOLERCHIFEAKEI BT
BT LTINS LALENE, B CHAAEORMBENHNTH S, L) Ed % &
NTHY, BoNAHRIZOREICHKFEL TV D,

AL TIE, ERWRETVORMAIINE (2007) £55b00, Af¥ELAMEMTERAN
BUIIERHMTHLHEEIM) LIFLY. COHEI2E, ERO3I DL ETHERHRENFL R
B, LI TLRLTLOVA R D, 2D, WENYAI V72 E25BHRILELD, W
WY 43Iy eE L L ET, FRICART Tld Hamilton and Slutsuky (1991) TH W 517z observ-
able delay game %\ T4 4%, 2 2T, observable delay game {22\ THHLICHHA L TH
e O —nZ2MH (FB1HEE2H) ZHarhTBY, 3552 MMM & &z ae

83



HERE B32E B2

NTwad, 7, BLHICTEEPEEREZIET DM I V7 2RAKIERL, €0XROE2H
T, BLYTEINSNAY A I 7 CGE2HEHICAEETLZY, dLAIEE2MBEMICEET 2
D) P T BEFEEREWET Do LB, H22HMPHIL L E 2, FRFLL EDIA
IVITHEERZRETHNICO2VT, HCORERZRLHLAD I EHFLEORELLIZ LD
ET %,

Z 9 L7z observable delay game % FJ\V: 7247 1%, fEk. B4 REEDOT, fThhT&Twia,
Bl 2 1F, B9 @ observable delay game @ 74712 L Tik, Pal (1998) % Matsumura (2003),
Matsumuraand Ogawa (2007) #¥& 0. F7=. i#EHF 0TI L Tid. Barcena-Ruiz (2007)
% Ogawa and Kato (2007) 3 5, 727°L., THHOMEIIBWTIE, AEE0HMBEEIIZED
MERILE L->TEY, HHAHFAERREERYB-o2bDE R 2B, AL OSHIIHE
\ZZ81F7= Pal (1998) % Matsumura and Ogawa (2007) OFEEDOHWEBPRZL/5—T 3 ¥ (12
BT 52,

Gk AWSILUTO@EY CERRASHTW L, KO 2HITIE, EFVERRT 5. 3HTIE &
L BLEMTREOEERDT 2R T, 48T, BEREOY 1 Iy TLolyfitER.,
SEEOKERFIFEERD D, 5T, COF =20 75— 222 R, 6 HiTAREX
DR ER B Do

2. BTN

A (LT, &30 LIER) ERMERE (LT, &3 1 LIER) BAehZh 1 5HEST 518
MEEZS, FHEENZERRIEMZAEEL, BEHEFET200L 35, HFEEBIIMSE L.
p(@)=a-Q, Q=+ ThHhbHETH, TITQ IIREER, @ ILHKODEER, l3hFEl
DEERZRT. £/, a I THREZEDEHMTH D, FEEOERMMEIL agi/2,i=0,1& L,
GIRIEDEMTH B. 2B, cIILFEHTRED., 0>a THEEWET 5.

ZERFEOMNBEBEIILTOL I ITRENS,

i (qo, q1) =(a—Q)qs—ggf. (1)

HEHAEUTOL S RSN,
2 2
W (gu, a0) = [°p (5)ds — 2~ 5L, @

30 O HBE Us (g0, ) 13 Wgo, ¢1) TH B
%1 OHNWBEE U (g, ¢) X EHOHBE R A ETIE 2 L H R E LTS 5, MR R



BREELETHICBI2NENY A I VT

ERibEE, HEFEA»LHOCZ2 602 TOLEOFHFEZE VWb TH S, NITETLL
TOLIHIThbB,

7, (qy, q1) + 7, (go, q1)
2 9’

U (CI(), 41) =m (l]u, 171) -
=§mmwd—m@wm. (3

COFRITWYED XY — L OWERUTOEY) TH5H, 73, B 2HEdY ., MO0k 14
ZBWT, MEEZEERZRETLIIA IV 7OARZFRBRICRET S, ROFE2 ML, wH (¢
=1) L#%M (=2 ZorPhTB), BIYTEEESWELLY A IV FEIERIN-2 L
T FDFA IV FIHE->THERYIET S, L. REOI L, &% 108 EZRIRLZ
Yo, M TREOIBRL-EERZRABT, BUIICEE 1IZEEREIETHLEVW) T LI
do HIHOBIRIZE-TALS, H2HOBEREOEERBEIROY A I F7BUTO3I2TH
Bo

(8 t=1. LI, t=212BVTHFEO LeF I BFERRICEERTIET L6,

(L) t=11CBVTHREOFEEEEZIEL, =21IBVWTEE1IPEEREZRET 86,
(F) t=112BVTAEIPEERZREL, t=21IBVTHREOFEEREIET G,
COF—LENRy I T—FA ¥y arTHROTHL, IF. REORSVEDLHITRED
Rk, LRO3SOW T — AT LicHigEER, HAFEAKE, FEEOFEERDLZ

LiZT 5,

3. WEDEERT
COMTIRREOEER T ERD D, REOEERTZROLEE. LT ORAEHEEZ .
lg}é};l( W(qn. q:). (4)
HREARKALD 1 FERMZLTOMED o

a— (1+CG)QU—Q1=O. (5)
a_tj‘n_(1+c‘1)q‘1=0. (6)

FROETIRFRRAE il THL I LIZE), EoE¥ofitER KT 5,
ZO¥HMAEERZAVT, SEEOFE o LHEEAOKRE WP 255075, LTOXHITK

85



HEHFRE #RE B125

&b
‘B — (517 B — Col
a otoaoata’ a cotcocr t ot @
v ) 2 2
i =——>mad = cica®
* T 2(e0t e+ cr)? " 2(e0t et o)’ @)
W= (eote)a® )

2(eteata)”

ZZT, MEEOEEREFABELEET L, REEOHTPALEEIIHSTHEOMHELALEL
CEAbh b, FUREEREEHT LS, FNNCRAEHOEBEVREICAESELID D,
BRAZHORVEFICAESELTIRBAZELTEILNTES, 20720, REOBERE
AT, BE¥ELIVOREEOFICEINEERESESL, LWIHERIIR L,

4. BT 7 — LW lriE R
ZOEHTIE, FRD3IODEH T —AIIBITE, BAYOWEAEREFE, o RHASE
HEDKREIZOWTRD TV, BB, 5%, LN EOLFREFOF T —AIZB T 2 ELRT
LD ET 5,

41 (S)t=1, LR =2 CHBVTEHKO L¥ 1 FRABICEERERET 254
FRFEFTNENLT ORI EE# <,

IﬂqﬂX Uo(t]o, Q'1) ’ (10)
l’nan Uy (t]o, 41)- (11)

FRFED HAMERAILD 1 LA TO@EY .

a— (1+CU)QO“"Q1=0, {12)
%m—@+de=& 13)

(12) & (13) XRFLPNREEOELE1OHMBEO 1BELEEXTHE, NS DHET 1
KRR ZE @& qiZonTiEE, B4 EREZ RS, ZOE2ZHWTEHLEOFEZ & IS
JEEDKEEZ KDL ELUTFTDLEI 25,



WiREHEETHICBITANENI A I 7

(1+eaa a
N o MU L A S=
qO (1+C0) (2+C1)’ q] 2+CI’ (14)
o cod+ea)’a _Coteci—e)a
(R TEPRECEISE A= 0T @+a)? (13)
Us= (co—c) (1 +2€0+C'06'1)G2, W= (Bevt e tci+3c+4)a’ (16)

4(1+¢)?(@2+e)? 2(1+co) (2+c))?

42 (Lt=1CHBVTEEOIFEEBEREL. =2 BV TEE 1 FEERERET 5

Ny 2 J—=FAvFrvaryeER0CitiT 5. BHICRELEIEXODEERZIGE LTH
COEEREZRET . LALEAS, (13) A oWo2ri ki, ¥ 1oRSMEBIEEFED
DEFEREPOMTLTH S, TOzo, (S) 0L (L) oG TIER, BRI -HT5, o
T 7% =4 (L) I8 80EOHMEERLFIHE, &6 ICHREE DKL,

(1+ecda 5
L Ta)a L
P 0o 2+a) [ (17)
__oll+ea)’a® _ Qeteci—cla®
BTt " 2(+e) @+e)? s
Us= (co—e1) (1 +2¢0+ cocr) @* Wt= (8o + coc1 + ¢+ 3¢ +4) a® (19)

41 +e)2(@2+e)? 2(1+c) 2+a)?

%Y, gf=¢) d=a\ U=U W'=WTohaILdbhbd,

43 (Flt=1ICHVWTLE 1P EEREREL. (=2 lHVWTER 0P EERERET 2156
Wy 29— FL4 ¥ rvareleTitiEds, 3, &R (12) K&z dIHI

HEREZIEIRT 5, 20, REOIERTIEERI(@—q)/(1+e) L% 5B,
ZhEBHABALZLETHMICEE 1 XA COEERZRET S, 3 1 ORA/LRHEIX

moc Y[{(a-$5h-0) oY} -{le- 58 -0) 5L -5 Gl @

L b, LELOBRKEMEEFTE, £ 1 OHWEERIRT ), SHEZhZHAVTEEOD
WL KDL LN TED, FHEMRIIUTOE) TH 5.

(coteatec)a
26+ cher + 3co + 2c0c1 + ¢

(21)

gt =

87



PR B32% B1eE

cw2+a)a

F—
i B
2¢é + cher+ 3o+ 2c001 + €1

q (22)

T/, BFICBIT 2K EEOFEL S PICHIEAOKEILTOEY TH5E.

_ colcot cocr +e1)’a’

= 2(2ct+ cier + 3eo+ 2c0c1 + €)Y 28]
_ a@2+a)(@2+a)d’

m 2(2c+ cher + 3eo+ 2e001 + ) ¥ (24)
5. colco—c)a*

Ul 4 (26‘3 o Cg(,'l +3¢0+ 2co0: + Cl) (25)

= et3)et+ (cf+6e+11)ci+ (Bt +100+9) i +3 (e +2) coe + ) | @ (26)

2(2ci+clei+3co+ 20001+ 1) °

PDETEY 77— 2O RE2 S CERT LI ENTE, &4 77— 2 0WHKR» S b
BT EiE, EEREFEICELT, EOFTX LBV THIRBEOEBALZL Y LA W,
VI HTH B,

5. observable delay game @ ¥

COHITIE, £F, W TROAEH T —LIlB 2 HWEREE TN ENILET 5. BN
HREUTOMELICE LDTRET,
w1
1. gi=qi>qf,
2. ¢f=qi<qf,
3. ©=n>n,
4. Uf=UL<UY,
5. WS=W-<W*,

il 1 THRONLHFEERACT, BIMOBEEEORREEZLLUTOMEL 245,

w2 HREERREHNE T 50403 L ANHAMEAAEEHNE T2 BERGEICL 2R
FHLEEZER D, EEHOBRAMBORBOAPELY, AEEORYPBEEDZNLD b #E
WCREVLDLT S, MEMOBBRS Z1To 56, V77— 288BW#iTid, (1) A%t
=1 Z®RL., RPFEA =2 2BIRT 2. (2) DRI =2 2FINL., AEEN1=1%28IRT 5,

88



ERAHSTHIIBILIANENY /I

B, (2) FHEHEOFEEEMEIZ L > TEBT LB TH S,

COFMRPRONTEBIIROL ) X425, T, AEFEVFEHZRIRL. REFEHHH % BR
FT5, EVIBFEIIOWTRTAHAL ). BEHEICE S TR, HFLOFABEOEEZKE LD,
HFEREMRPTHETNEET 5. —H. BARFEIL TR, BALKHORWIABEN LR 2L
FTILiE, BFOHMTHAMRFAEOKELZHDDL I LIZhb, LoT, MHFL BIZHETA—3H
FTHILIZLY, AEFIBRMEERL, REFIHWHLRRTHI LIRS, RIZH I 120DY
HZo2WTTHEH, ZHFEICAEEOKCHBFAEEDOEEROREIEKFL 2V LIS
Lo TEPNBIZTER W,

COWLTIX, AREOBEFHT TH 2 ALHEIEHCHBEERTER, HAMEEALE
HigE L7=%HE T, o AL ASRM TRAZESHEET 256250 Lz, BRI, m
HE (2007) TEZONL: [AEEEASEMTRAZESFELZV] BELEREIRLRY, £33
OEBIENEG X IERRIEEERE52 L0 bh b, 20RO, WEMF A IV F2ELLE
BRAIE U, observable delay game Z W CTH#Hid 5 &, R AORENEREZLE LD, IR HD
REAGERE L 2B L W KEIE LN

BONLFRICOWT, REFOHMZHCHBERRILE L Toft L-BEOMRREREHEL
ThEH. MEEFHOCHBEBRAMZENE LTWEE, ARLTELNEREFAR KD
BEPLEELERY, IR HVEMEL RS, EVIBREFELRTVS, LALEYS, 81
B TRIRS WD A L B OTEIM TEEHEE DICKRM 2RI b o 72, R@RLTHD
Hotz. REEISHNHFEEALEZ BE LTWREEICIE, AEEICE - TZHRMAHEI 255
LR, BEFEIZE > TIRAMIPBHEZFEXRL TV Ldbh b, 29 LATEM O LR FR
DD, HEROWMEL ORKERENTH S,

ST, AWMXTRASEIENRETHLHEEZMY LiFle LALEFL, #ROSHIZEDH
Y. IEEINELETHLIHEICIERIEDY ) D, 2L, BROFEMREZ L
AT, FEEORSHEIIEVICHFOAEERDG BT LARERD, 2o, HEREEOHH
MEARICZoTLE ). 48 SHOGHTOREA THEREENAEEOBRFHFETH LGS
EONTABICIE, BEIHBEAEARARICI VA SN T R2EE2WNMS O TIE% . 50
KEHEEARARPTE SN TV AGEE2EZ 2LERHHH . T2, KL TEIRERSFZTLLD
ELTHtrdii shizsdd, liESFoEe. ROFBRERLLWEENS L, 20 L5 R HIZS
BOGHREE Lizwv,

89



P RE #3288 £125

(]
V 20k CAEEREEOH TRAMBDIESHNZHEEZ AT L0V 2bd b, LI
Pal (1998) % Mujumdar and Pal (1998). Ohori (2006), Lu (2006). Lu and Poddar (2005) 7% &% %
e L,

Pal (1998) #° Matsumura and Ogawa (2007) T, EOCBHMEEIIMARH—ET. »2, A%
DRFEAERCEDOZNIZESRTREVLE WS LOT, MEGREIARLLIIRLL, L LA
by, T0L)REABBTH-> T, FRLTELILMHRICKEREVIZ 2V,

2)

L1

[2]

[31]

[4]

[5]

(6]

(7]

[8]

[9]

[10]
[11]

S IR

Barcena-Ruiz, J. C., 2007. “Endogenous Timing in a Mixed Duopoly: Price Competition,” Journal of
Economics, 91, 263-272.

Hamilton, J. H. and Slutsky, S. M., 1990. “Endogenous Timing in Duopoly Games: Stackelberg or Cour-
not Equilibria,” Games and Economic Behavior, 2, 29-46.

Lu, Y., 2006. “Endogenous Timing in a Mixed Oligopoly with Foreign Competitors: the Linear Demand
Case,” Journal of Economics, 88, No.1, 49-68.

Lu, Y. and Poddar, S., 2005. “Mixed Oligopoly and the Choice of Capacity”, Research in Economics,
59, 365-374.

Matsumura, T., 2003. “Stackelberg Mixed Duopoly with a Foreign Competitor,” Bulletin of Economic
Research, 55, 275-287.

Matsumura, T. and Ogawa, A., 2007. “On the Robustness of Private Leadership in Mixed Duopoly,”
mimeo.

Mujumdar, S. and Pal, D., 1998. “Effects of Indirect Taxation in a Mixed Oligopoly,” Economics Letters,
58, 199-204.

Ohori,S., 2006. “Trade Liberalization, Consumption Externalities and the Environment: AMixed Duopoly
Approach,” Economics Bulletin, 17, No.5, 1-9.

Ogawa, A. and Kato, K. 2007. “Endogenous Timing in a Mixed Duopoly with a Foreign Competitor,”
mimeo.

Pal, D., 1998. “Endogenous Timing in a Mixed Oligopoly,” Economics Letters, 61, 181-185.

hngE—Z, 2007. [RBEHGHHICBT 25— RERMAO B B2 FIEEKIETS 535
&—1, EHEEREREES [EESLE] 31, No.1/2, 81-87.



