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(18.3%) DIEICKEL, NHEHERE (9.0%) NINITHEL<., EEEE MG
BiHeE S (HRBHER) ER\E [—RRE) 220 682%EB5TNE, —Fh
BAICBNWTIEIRESNANEED 37.6% L3> TR, RMEKFEEMEARLELTENI
ENZINB,
EO—BEFFHIDNT, H - RHINGHEZR-b0ONE 14 K~% 1T KTH D, 5%
1-4 BOid 1985 7 5 2005 FITNT TO—REEFH GDP RO/ 57 TH %, DI T

FIFAEEIR D 7D d LR,
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BIIEM S BOD, 1992 FELBBEMK/N T L OBREICAE S ZRRMEE LTS 7
MERUZZ &, £z 2000 ELEES = 7 METHEMICSH D 2 EWHD B, EETARE
i3 HFRABRMA SO o 7 NAREEBEREOS = 7 ERHHABEERETNS T
ETHBH, T 1990 EROARTHICBIT A QNHZZOERBENWENMABHBRETHD
RS, ZOESICONWTREOEENEN -/ ENVALELEREOB NS =7 &L
THENTWB IR LT, 2000 FEURIZHH BN T HAREEIC L2 BEMEORE
FEEIC2 0, DUAHHFIZE > TREBNES THAMATHBIRNEOT = THERL
T EMEALND, BLIOARDVTIE. HABERTICED MFEMES) CHL
T, HWAESARICE S, B (EAH) MTOh TS ZEbENTIRASRNES S,
HICHE 15 Rickhid, EEEOS o7 B THEBLTRSZ L, BLUDTFEBLD
EFICEHAOBEOBILERK®L T, HRFEBGEEDS = 7A—BL TERERICH
HTERDND, BIIBFIDVWTREBNRBICENMVMEEEH>TNAI e, BIUY
KHICERELOABEEE 13 15 12 A& b5 EAHESNTOAZ EMD,
LREEGREDS =7 O LRBEMESAFHES ZENTEIN, CNEEBEBEOLRICES
T, — R ORKENBIETT 5 EAEREINS,

Bl1-6H —REBHOMEKTE

50
(%)

) [N
) VA

NV AN ~J
N N,
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£E

F—yH# E14FIZAT,
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% 1-6 XIS 1972 0 5 2006 FI2NTTO, BO—BRREFTRAICBIT 5 NEEKEFEOH
BETITIZLEbDTHD. 1970 FERBEITAMEERBORRERITHALZZ &,
¥ 72 1980 ERUTIEERK & ORFA TEF FEIC L DNFBILKBERN RSN EITd > T
NEEREEN LR UM, 1980 FRBRITIIMFRIC K AHIBBIC X - TREEREFEEIZKT
Liz. TD# 1990 ERITE2 &, LR LD IT—REFEHIT 16%~17% THRE L T
WE—FT., FROEDIBUIABO Uiz 2 &b, MMEREENSEC LR LA EMN
TNB. ZOEXDIT 1990 ERFHELIKD, FRICKDHBPFR EEBEERICEI> T, &
BEEREENLERLZZ2EMS, NHEBRSDRECEEL TWS, F 1-7 Kid 1976 F
M5 2005 FITHTTOE MG DEBZEN GDP HLERZT S T7ICLZbDTH D, 0
757N SIEEEHS DORAITBNT, AWEBEZRS T GDP R 1980 FEREEMN S
1990 FERFFITNT T—RANIET L 2IT, 1990 EREBENSII—E L T LR ZHKT
TWBZENGNS,

B1—-7THR H- #HERBEENGD PR
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0 . . L . .
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F— WM EMBRS, AHRER). &R, BXU BMBE. HBHE. 32K,

UEDX D HBEOHBURRZ, MDEES OECD #BE LB L THZDHONE 1-8K
BLUOEI1IRTH S, 5 1-8 K 1979 £ 5 2007 FIZNFTO T—RBUF) B D,
HMBORFX GDP thEEOEEZ, HAE, YAUAMERE, F1Y, 792A, 15U7,
AFVR, BEOHIFFD 7 HEIZDWTHRTHLZSDTH S, [—HREBUF) FHRIEK
FF (ED. BT, BIOARERIEN SEBRIND, 2007 FOBMIITFERBETH 2,
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DT 7S HREO BRI OMBRFIT, MESHEKRT2E 1980 FRBEER
fFiZo7zDd, 1990 FRITITRHICHRFIEMNILA L, 1997 FLIRE LB RE D H TR
KEBOTNWBZENDN D, —F 1980 FHAN 5 1990 FEAF1HFITH T THBAFRFEI D
TRENDTZAZ VT EHFFIE, 1990 FARHEN SHBIRANKEL THEN, 15V
7iE 1992 EFOT—A MU E FEHNTEEINEZ EU IZMBT 57200121, MBORT
% GDP O 3%BAMICIRE A BT &) EVSEAEIYTTBRDIRALETE, £2h
F I BINZ 2 WET B/20ICH S IEIRSI —IVER L LR EE L.

% 1-9 Ri3H 1-8 KERF UHEC BT 2 —BBUTHFH O AMESES T GDP HEDE)
X%, 1979 Fn 5 2007 FIINTTRZHDTH S, E 1-8 HOFEMNSTFEHINDLD
12, 8 19 KTRBEOLMERER L 1980 £RBEIT—ETFELZ£IZ. 1990 F£RIC
WAEICER L., EETIIEE OECD #HEOF TR > TELAR>THD, 2006 FER
1213 GDP @ 1.5 EREICRD DO TRAZVWN EFRINTNS, —Flid> OECD #EIZA
FIERBEROEMCE LD ERNT TR0, I 1980 FREZFEN S 1990 FRFHITHT T
NHEBREDNEAME L2 ¥ U T & F A, 1990 FRFELRE, & GDP HTRHME
BREEEMHRL TWD ZENGN 5,
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B1-9H —RERFERRENGD PR
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B2 RMER ORISR OB R RYELEE
O TIIMEANEIRE & U7 EBR ORI ITICB T 2 EBRR BRI DOWT, &7
A2V EFERIREND 2OOREBNBRAFER/NT 5, ® FLBEOFETRIROE
MICEL T, THRSIMEEL) & TERFUCEE(LERSR) 20 LU THRIAT 3.
2—-1. JLBEBO~I OBEIE
Fr5DORHZHOMREE U THREBANOHEEGEN, Y7ORFIHLTEDOLIRE
BERIFTONEND ZERXDWTOSIE, MBBERICET 5 EBERHFRT —<D—D
M, BETIUIT A VT D EFIHRIREWD 2DORFIIKFE NG, ERERNT
i

M

ZIE, TIN5 2D0EBOBRRODENT, 1 P72 E 7O N)VOEHITDN
T, [EBREAUASFEOEMEZTH D] LIERETHOITHL T, FIFHRIZI 7O
NIVOREHT X B RBLTEN S NEHBRIZEERSOEMERTHS) ZE&ERL. N
ZEFTHIEICE>TYI OV RNINOERDOHEZANTTH5HDTHD, TNEDRE
Bl Z AW T FIZR U720,
E9TA VT >OEZAFR. EBREFEEHE (SNA) BT ZHEMNS R GDP ©
BRI
210 Y=C+IL+G+ X, - M,
BRUBUF (REIEM) OTERHHOR
(22 G+ B =T+(B, - B)
CBNT, EERIFASFEOHMMERTHZ) LEETS, CQDRECIKIBNT
EEMOTRE "t 3MEEL. Vi3 GDP. C IZRENE. [IIRMEEZE. G 3B
XH. X, 3. M, 38A. B, &B FERRICBITSRNMEBKS. 1 13FTFE,
TRBINTHD, ZOEEFA2IT > ORER
@23 C=F{-1T), F'()>0
DESRRENDES D, QARDEDIBIFXHERTH, FTFEy, B t HONER

8 ZZTO 544207 ) iR LT, BIFBORZEIE T 2HFITBNWT, HBEE
MERLTERE (EFBZA5NTVWD) BHWEREDOZ ETHS, Elmendorf and Mankiw
(1999) I LB —RA@WXTIE, 1122721 Tid/a<. "conventional view" &N
SEMEHNTNDS,
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E B, BIUNEEUSNOTHG &2Fi5E LizeE, QARADITBNTE t MOME
RFE (B, — B) OWME. BINT OHIEZATEEICT S, XD BERIZEIRITBN
TAALFIE Y, - T, 2%, RRENEC 2EMIEDIEMD05. °
—AFEBROEZ S THD WRIZEEFEOEMMELTHS) LS5 [EEFRAKR
B &, THRICEIEOREN (AMEBORE (523 W) | 2HET 01,
DTFOX> i, 517 E REHEREEEFIIEM NS, (Diamond (1965) ZR.)
COEFIVRETIE. &t PN, A\ORERHEEESNEEL., SHEZIE t Mo &4
B &, B+l 10 TEER) S0, 2HIMOEEEREED, Bt BICEENEES
FROES I ABAEEEME &5 hEE - FEFEEL T3,

(2.4 max  U(e,c, ) = c Xcl

t > i+l t+1
s '
{erscmsa}

subject to
! t — 2 t
@5) ¢+ a,=w -1
1 — ! t i
(2.6) Cot = Wi T 1+ rt+1)at+1 = Tin

CITHEREBOLRF "t" BIOBEEZFOREHZEZL TH0., QORIIHABEEKT. &
t HIOWEC L5 t+] HINEC, OB TEINS &, QHREEEMOFEHIRT.
HIDIEE ¢ TG w0 55 t IR 2B WA AIASTIET, ElZE t Pl &5
t HErZa, NoBRIND Z &, QEORIEEHMOTEHWN T, AHLIE t+1 HFHE
W& B LEEERRQ + 1) a, 2EDERZBONS, 8 t+1 BT, 22510
e FRAE T, IEIdEE t+1 HilEE C),, L7ao T3, HEHFIITEHNQXEQ.6)
ROF T HACOREEAIT BB - EstE (¢, ¢, d,} BRI ZOK (W,
Wi Ty Ty Tit BB TH2H0ET D, CQHREQORNS 4, Z2HETHE

! t t

2.7) o+ G = gty M Tl
* t t t
(1+7,) (I+7,)

EWSERBEELN., QDROELE TEEME] SRR, BEAFELD. ZOHES

P BIZ@.DIALD C, DEMICRES, £L0O GDP Y, OEMARRMIIEIERIIN

B EWELT RFET 71 F AR K BHEBUIREEE & GDP ZREMICHEMS &5
ATREMED D B,
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DHAZEZRAET DHE - BrEsTEIR

1 t_ et
28 =3 [wj—rt’-rwf_ﬂ_&d_]
2 (1+7.,)

(29 . = 1+ 7 I: W—1T 1 Wit =Ty :|
‘ t t
(A+74)

! t
sz —T: Wi T
(1+7,)

L7720, ZhEVEEEE (¢, ¢, ) WEEFEOEMEN TS S 2 L5,
EIATBUNMEANETOBAIIE, Bt HIOEFEHOWEEICL2HER o, =

K, + b, OXICEINBESD, 22T, ZEBEMES. b, 13ANEPICH

L5EMTHD, HFt HITIIEFHOHEBEENN, A&, BE+-1HICEINEEHNOHES

MN,_, ANEETBHDT, QHORECORZANT, I/ 0OEHEEETD L,

(211) Nw+ N_ w'+ N_ rk™"=Nc + N_c'+ Nk, - N_k

t—=1""t =1t t Tl t=1""

2.100 da =

+ Nt/ + N_ 77+ Nb,, - N_b™" - N_rb™

t-1%¢ t Zt+l t=1%¢

E7RBM, 2T Y= Nw+ N_ w'+ N_rk”. C=Nc + N,_c"'. K, =

-1 " t+1

Nk

1+l

Kt = Nt—lkzt_l‘ ]t = Kz+1 - K,\ 7; = NzT;t + N;—]’f;_l\ Bt

N b7 EBTE. @IDREBFTEHNEIRLD
212) Y, =C+ I+ G

g = N,bt B

t+1 t

EWVS, ROQDRITHIET S (FAMKZEICHITS) GDP OBFEXEES., UTIcBn
TRZOEIBREREEETINICBITS, [NEFHOY I OREFEMRICDONWTELYH 218
URNOHBAT L0, SMEEERBIRE TS ZLICk > THHAZMGHEICT 22012, @
ANOWE—ET. 2TORR t IZBWT N, =1 &L, WHFRIINET, 2TORR t IZ
BNOT 7, =0 ENI2DDREZEL, Y BIZ3DHOEEELL T, (WWETO t 1B
T BHEBEOHBIIDONT {w =80, w),, =20,t=1,2,3,...} &RETS. ULEOREG.
(). BEUEDDOT T, @28, 29X, BLUCRI0KLD. FHEEEORBEHE -

07 =0Vt &id, TZORFKITE t B0 1 Bz, % t+1 HIO/ 1 BALICEH T 55
WMD) ERETHIELRALTH S,
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BrERTEI
(2.13) ¢ = ¢, =MW - tH+(w, - 7., t=1,2,38, ...,
(2.149)  a,,=WDIw - 7)) - (.,
Liad, Tz t=1 ZLT 5L ZOR[ITBNTIE t=0 HICEENZEEHON
BEMNN, =1 AFEL, SHBEFIEEHOTEFNRX ¢/ = w +Q+ n)a) - 1)
P> TR s TIHET 5,

DTFIZBWTIERBUEN {G, =20,t=1,2,3, ..} EWITHEEZE->TWEHDEL
T, MERESECETZ3 D05 —A&ERT S, r—AORBINZHZREBOAICK
SDTHETLIRETH D, Fy—AQETr —AQUEBIRXHOMIEZE, BlLEANOHEE
Ko THRETDHELEN, r—AQTRBEEBANUCEL T Mh3itk) 219 54,
r— 2@ TFEHIL) BE7e5s,

r—20: BUFIETORSE t KB IT5XHOMEEBEROMICK > THRET S, BB
BUF O FEHKIQ.2RICBNT
(2.15) G,

1

ERET B, FREANEEEELT {G =20, /=10, 777 =10, t=1,2,3, ...} &

-7 )], t=1,23, ..

=7+ 177, t=1,2,3, ...

T3, ZOEE t=1,2,8,... KOWT, SHEBHEOEENSIT
(2.16) W (80)- 7/ (10) + W/, (20) - 7/, (10) =80

1+1 t+1
EBBM QIDREQIDREY, FEBRBEORENE - HEIHER
217 ¢ (40) = ¢, (40) = (1DI(w! (80) - 7' (10)) + (w,, 20) - 7', (10)]

t+1

2.18)  d,, (30) = (2w (80) — 7/ (10)) — (w/,, (20) - 7', (1O))]

1+1 t+1

L7325, BIZQORKIDEHEEEOHAIL

219 Ulq, ) = ¢ @0)xcy,, (40)

LB nhs, ¥R EQORXLD, BHEEOEFH SEEHITHIT 2L
STBI

(2200 ¢ 4O+ k

t+1

(30) = w; (80) - 7,(10) =170
221 ¢, 0= w, 20+ £, (30)- 7/, (10) =40

L0, —HH t=0 KBTI ZEFEHOHEEDOTFEHNTIRDOKL DTS,
(2.22) ¢’ (40)= W’ (20)+ &’ (30) - 7](10)
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BBICERE t TR 3, BEEYEEEOTENNNEEEMEREO TR ZRL
BFREBZECES T, ROLD Y7 OEFITDONWTORRHIKNNZRE D,
(2.23)  w (80) + W (20)=[c' (40) + ¢ (40)] + [/, (30) - &/ (30)]
+[7;(10) + 7,7 (10)]
@22)RIF Y =w +w'.  C=c+c' L=k,- k' BXBWG=T=r1+

t t 1+

T LB ZEREST, ROLSEETIELTES,

(2.24)  Y.(100)= C,(80) + I,(0) + G,(20)

=A@ : ZOT—ATHEOTr—2AQLAULBUFIZ {G =20,t=1,238,..7 &
HFHEIE 2> TWBN, INEROLI BB ELEANOHEERITL > THIEREZT
Do

(2.25) G, (20)= 7,(0) + 7)(10) + by (10) : 55 1}

2.26)  G,(20)+ bi(10)= 72(10) + 7)(20) : %5 2 Hf

227 G(20)= t/(10)+ 77 (10), t=3,4,5, ..

e —2QEHNB L, F—2QTIEE 1 HIBUFZH G = 20 OEO—HZ. f&
AR B =10 ko THEL., ZNICk> TEEROBEREICHLTHE 7, =0 275
T3, BIZE 2 HICRBUFXH G, =20 BEXUBANDERE b, =10 OEEL T,
EEHOMEZITHT DEEOEBL 17 =10 & EEHOHEZITHT 218 7, =20 &
To T3, B 3HLKEZIr —2QER U <BEROA TBUF X H O IEZHRZEL Thd,

=2 BT B EHBEOEETEL. 8 1HICAETNZHEEIIONTR
(2.28)  [w] (80) — 7, (0)] + [w; (20) - 7, (20)] =80
i, F—Z2QLEUTH S, £%F 2 HIURICEENZETOHEBEIIDWTHAERE
Iy —AQERUTH D ENDND, ZOZENSETORE t=1,2,3, .. ITD
WTCIHEEE (¢, ¢} Br—ZXQERALTHB I ENSMND. (& 1 HicBiTsEEH
DHBEZEONE & br—AQLRAUTHS,)

LZATE LHOHEEDREREIZQ2.19KLD
(2.29)  d}(40) = & (30) + B} (10) = (1/2)[(w} (80) - 7, (0)) — (W} (20) — 7, (20))]
E720, 2RI —20D @, =30 Db +10 EiIFKREWN, F 1HICEENZHEEED,
EEM EEERICB T DRALFER. HHICB T 5 FEHKIKED
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(2.30) ¢ (40) + [k} (30) + b (10)] = w](80) - 7/(0) =80
(2.31) <, (40) = wi(20) + [£(30) + b} (10)] - 7} (20) = 40
L3> TIN5, 220 &Q30KDIEENENEAND LD, B 1 HicEEN-HEE
DOEFHITBIT B LS FIEBICL o Tr—20L D BREL B> TNBEN, ZDH
BEEREENONE o 2EITIEERL. BHE o =k + b, OF&EBELTNS, Z
NITE 2 HOZEHICBIT D MBICL 2 TASFEORDEHS LHTH D, (ALEM
BB BEE k) =30 3y —AQEREUTH 5.)

UEDZENSHEMIRORFICBNTIL, HEEOHESEZRET S0 [R5
iG] Tid7a< THREME THhHZENEBIND, 2B%E 2 fiILRIEENZ2TO
HEEOHE - FEEIE —2OQLAUTH D, BT —AQIIBII 2L TOHEEED
P, BEUE 1 HOZFEHICHLEBEOHERIZ —AQLALREDT, r—20&
T AQRBBREEIIDWTHRLUTH D ENDND, BB —AQOERS t 128
5, FEMEZFEHOTEANAZELEDLEDZ I LICL>THELNS, Y/ OEHOF)
EBT—AOLELTHZ ZEMUTOLIITREND, F1HITOVWTIE
(2.32)  w (80)+ w(20)=[c] (40) + ¢’ (40)] + [£}(30) - &' (30)]

+[7,(0) + 7)(10) + 5} (10)]
el 28
2.33) Y (1o0$)= C 80+ [,(0)+ G (20
DEIT, F—AOQEELTH B Z LN N5, (2.32DFHD52.3DHADERIL, 5 1 #
DOBUFTERIFNQC.25)ERH W, £EE 2HICONTD
(2.39) w3 (80) + wi(20)=[c;(40) + ¢, (40)] + [k (30) — K. (30)]
+[7;(10) + 7, (20) - b} (10)]

E sl S
(2.35) Y, (100)= C,(80)+ I,(0) + G, (20)
KT —ADLFELCTHS ZENHN5, 230N 5Q23B)HXNDER T, 5 2 MK
FPREHKC.200XERA N, 8 3 HILEOT 7 oEHOBRRIC DOV THr— 2D &R
CTHhaZ LI, FHEOEEITL> TREND,
r—2A@: r—AQTRIr—2QLRULK BHOB/R:H (G =20,t=1,2,3,...} #&
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BEBANOHAERICE > THFEREZIT O, BANORE CERERICEEIES
DT, BEBANOHEERITDONWT M BRI LBZNWEETH D, T—AITBT
2 BB OB TFEHHKIFIT
(2.36) G, (20)= 7,(0)+ 7)(10) + b, (10) : 5 1 84
237 G,20+ b,(10)= 7;(20) + 7,(10) : 552
(238 G@0= 710+ 777(10), t=3,4,5,...

THDERET D, ABE 1Ty —2QERMULEBAN by, =10 ZEBELLT, £1
HICEENHEBEICHLUTHER 1, = 0 2EHT 22, %2 B3 —2Q& &30,
& ATURIFIC & B BUFZ OB 2. 8 2 A TN BEEHOMBEITHT 21 1)
= 20 ICX> THEFET 5. F 3 HILIKEIZr —AQERUBO AL > TBRFZHD
HRSZEZTT D,

br— 2@ TIIE 1 Ik F - B O EETEE
(2.39)  [w (80) - 7, (O] + [w} (20) - 7, (10)] =90

DEIRT—AQEDBRELRY, ZO-OEEEESED ¢ = ¢ =90/2 =45 |2
MLTW5, —HREEEILX o, =35 THBH., ZOIB b, =10 BBUFICHT B EHM
T, REESMEFEL b =25 &0, Zhdr—20&5—2QKkkBFB K =30 &0
HAEN, BB —Z2QTREMIZE 2 BANSEMEMICB T 2HEEZIHTIEND
(759542770 b BEPMELTWS, £Z2ATEHRECORXKD, F 1 Hick
ENZHBED, H#FHEEERICBT2ASFFTENTH
(2.40) ¢} 45) + [k (25) + b (10)] = w}(80) - 7)(0) =80
(2.41) ¢, (45) = wy(20) + [k} (25) + b} (10)] - 71 (10)=45

LizoTw3, N5z — 200220 BLUC2DHELRTHB L, F—AQ T
B 1HEE 2 BT SAASFTE SHEOFBOEMMNERINS 2D, ANT s
127 2DEAD BANEZHBREL LERICE D, KetORASFREDEMN, Kt
DHEBOEMZFEEIT] LW BDOLEFELIKR>TNS, [CAXSH.] LarLaRn
57 —A@Q& T —AQDHENSHE Nk DT, TOHBAEDOELWERIE RIEHAD
HEOEML, BUREANEREOEEZIRIERICET I itk > T, BERKDAEER
BMEMUIZZ EICHRT D] EWSbDTHS, EEE 2 MICEETNHEEDEER
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B
(2.42)  [w; (80) - 7; (2001 + [w; (20) - 7; (10)] = 70
DI, BHRICE > Tr—AOR T —AQL D B/NhELBo>THD, IODEEHL
ZEMTBIBEED £ = ¢ =702=35 ODEIXHEPLTNBIENDND, —HE
2HCAEFNZHEBEOHEIE o = k) =25 Lo THU, r—XQ@TIREBEMICH
FAHENE 2 MICBWTHIHINTND I LMD D. RBTF—AQIBNTHE 1
HOBEMICHIBEBZOBE ¢ =40 &, EIHURITEZTNZETOHESOHE -
FEEI T —AOB LV —AQLE U TH %,
BRI —AQIBII B/ OEHOEEZES> THD E, F 1IN

(2.43) W, (80) + W) (20) =[] (45) + ¢ (40)] + [k} (25) — K (30)]

+[7,(0) + 7(10) + b, (10)]
£
(2.449) Y,(100)= C (85) + I, (-5) + G, (20)
720, HE2HITiX
(2.45)  w; (80) + w,(20) =[c;(35) + ¢, (45)] + [k} (25) — Kk, (25)]

+[72(20) + 7,(10) - b, (10)]
E a8
(2.46)  Y,(100)= C,(80) + 1,(0) + G, (20).
BEIZE 3 Hlicid
(2.47)  w(80)+ wi(20)=[c;(40) + c(35)] + [k, (30) - K7 (25)] + [7;(10) + 77 (10)]
E a8
(2.48)  Y,(100)= C,(75) + L,(5) + G,(20)
E30, B 4 BUREEETDO t =4, 5, 6, ... KODWTHTF—XQEFr—AQII—&KT 5,
[Q20HXSHE.] E2 1M, EOLI BT/ OEROBEES T TIILEHDTH S,
%21 MO/ (ATRERNE C 0Bz, /t3l B TRRMRE [ o#zz
0w bLTWBNR, 20T T 705 BEITBREL DI, BUFBEANNT YV ORFICE
ABHMBRIZDNTD, A 2PT7 D ORAEFEHRIRORFET—F ZHNTRAITSZ
EWEEBNPBETHDLEND T ENGNBEAS,
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FB1E NWEBOT Y EENR

$2- 10 FEAREEREEETINCEI3/HEBOT Y DEFHR

IR JL(A)

90

ct)

-B-Ct) & —xDEQ
§= T ——Cit) 5 —RB

time

70

IRFIL(B)

)

B I(t) 7~ RADEQD
B T 1) 7 2@

time

LA THFHMRORF TPV TIRI 7O L NIVOFKHI L D ARKRLHEEZ ST O
ERETEIENS, BARBEEBANOHESEIIDWTEAKEZILET 5 I EAHIR
%, %D 3IDOTr—A T, BHZXHEROAIC L > CTHERET 27— A2 FT
—rEFTBE = AQDE I BREEANORARIL. BRESITBNTHREEKERL
BOWTHr—ADQERBETH DM, 7m—AQD LS sB L EANOHEEG T, & 2-1 KT
Bz, = 2AOBLEOr —AQE AT, EHICITHEE 2 RE L RIS 2105
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T3, —FHTr—AQD L&D IRBERNEEKEIIBN T — 2D —2AQL D HEE LW
MEINL, HENRMEEICKET 255, FAIEH3HE20MERY,. SEEED
PO TERIND EWVND IR AR (THFIEERD) | oS3 HREE

22 3 3
249 W= U(d,c) + Ule,6)  Ule,e) |

2
I+7, (1+r,)
2 2 3 3
X X
=(clxc)) + (e xc3) + (e 047) +.., 7,20
- l+7, (I+r)

THobEINBHE, 7T —AQLT—AQTOH-EZIROMER

(40x40) | (40x40)

1+7, (I+7,)

(2.500 W =(40x40) +

THHDIHL T, r—ABTId

(35x35) | (40x40) .

(2.51) W =(45%45)+ s
l+7, (1+r,)

LD, INKVT—A@DHEMN, F—ADEFr—AQL D b REBHIMNHFAEZ DS
TENGDD, (& 1 HOBEMEEEFEL I DO —AIDWTEER L8> Tn5,)
—} A& TRVEENZVWEEREOA] TetondEnd To—)V 28| OfE3H
e

(252 W =min{ U(c,c;), U(c:,c;), U(cl,c), -}
EROHKIIBNTE, F—AQLTr —AQIB T HHMZIHDEN W = 40x40 TH
HOITHLT, 7—A@TIE W =35x35 &/x0., ZHED 7 —2AQD & 3 IBA BB,
2 & ZEHNCEIRKEUETIHRNS > TH, BEEACBNTEr —20% 7 —Z®
DEDIBBERID BENVESHFA LI ES NN ERSNDS, LO3DDr—ADE
EKEDHEBIZBNT, XY LABHSPABKRZROHE L O0— ARSI ABERE
BOHEEOBMTIOLDIREVWNELSDIX. BE<HLGN TS X DI F AR
EHEEZH DL TIIRNEREREN LD S, HREFEDONA ZILKT D LN, BTN
ERESZERT S0 T, O—) AWMEEER ZFF DO TIEIREI D D RFEE
ZEHRT IO, FROBEEEOBEICBWTHREDHEEOIRAZREIT LD,
r—AQ@D & D M BBRIY., SHEBEEOHANAEILIR> TNETr— 207 —2QD
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F1E AWEBOT I OREDR

FORBBITENTE > TWDBERBINEDTH D, &IATRIY LB AR
L o—)L XEIHSHEABEEES T, A O—ENRREL

_ U, =1, 1 Ule,e) " —1
-0 I+7, -0

253 W

1 U(d,e) -1

- +
(A+r,) -0

., 0 #1

E720, 0 =0 OBEANN Y LABGLHBEKICHEL, 0 =t OBENO—IV AR
AABAERICHIET S,  @5)RICBNT 0 PREVEE, REEZIOERLE
HiESErETEEZ NS, (2.53)Ri35E% CES (Constant Elasticity of Substitution)
RSB ARK EIEIEN S, ARMOSDIIBHNICET 2T —F 2 AN TRENIZRED
HLHAERD/ISTAY — ¢ EHELEN, TIUTED EBREOH-EZ AR Y
LABIDIFO—IVZBIGEND &, ¥R DIFEL 0N FEEERT HEMNDH D
NS T EERELTND,

HEORERTA 2 OT7 CORFICHEATHON, ThEDHHBIRO LT ITES
ZON] ENDEITONTIE, BEBANOTRILE] ORIEHED T, KetT—F2H
WA REISTNITHNTNED, INETOE I AHERSERIIFE SN TN,
BUBEQED, HEDOBIICE W TIEH i IR PILENRILL Thd EBDNS &
WHIBENRINTVD, ¥ ZNSOWEDD BEENZHRENESNTNDO, BT
DONHHER O SIS ROBH OB GRE, AR ORERHBL THET—ADLD
T&%, 7= Poterba and Summers (1987) OE S L DT, MBORFITH D BHRONS
D OWHMIEAQEEICHET 2BEATEENZINTVS ENS ZEF, ZEORE
HEANER THLEENRE 60 FRTERINS L. PHNESPERIVO LR
(RREHIE OFSEERENA L CRBHEIND IO BoTERI L, FLINEXTITHEAL
FoNTERLESEARZ by 7 ICDWTIBRIICZEOHERF - HEENLEICRD TR
ENTVBZEREEEZADED L. SBRBREREL. B LEANOPILE] DR DL

U EHICIE 0 EREITIIC 4o IOEDW2 LT, 7, =0 &ELZBEVESDAOD—))

TR SAEKES S, 2B 0 =1 OBEQHARITHEBH LA LR D,
12 Bernheim (1987). Seater (1993). Attanatio and Browning (1993) 72 £ =& &,
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DREANEFEDNTIT< O ERDN, ZODBFEANCISHEEEICONT, &
HICHRHMICHOREBRZHFT LI EIIHRR B> TBMd LR, 0
I LIS BOBFBEEN [FIEOMEE WMNIIERNIERT 25 &0, ZH#EZER

BRLEDDIKRS THE/BRNILERBRT S, MIBSBOBEOHBGEEIL. 1990
FERORNRARDOL DI, BRIEREHROLELZ, Fif TES3y FEERT2EI 7,
ERREES T, TNEEDABTEO R BROTIABEN S, KVEEERLED
DONEETEHRL TONRTNITRSRNES S,

TR U7 E DI, MET —INOREOEFBEZRS D LN IHAIIDNT, X
TOE ZAHENBHBIBLN TN, REBKROHREMMNTSEH D —DDHE
ELUT, HA—BISETTINVICEDIEMBEI I 2L~ a VERNZHINTNS, #H
HHIRA—BEEETIVICB T A RBREBERODREDOI I 2 L —3 3 o HIE Auerback
and Kotlikoff (1987) LIRZ < OMEMRERNHE SN TNDL, N5 05D <ick
WYL FEER#EREL T, BANCISEBITEHNICEREEUE T 2RNH 50,
BRI AES S RERMICBIT 2 EAEBZHET 572010, FiEKECRERE
BEEDDLENDIBONESNTNS,

2—-2. BERBEHRKIEBTRL

FMIRERORHOT T, BUFEANIC L 2 EBEROZEEREWITOTTEHO
ELUT, IABFECER CTEDSHONESALSNTNS, IFREFEEER) & (&
BB ZRALZH DO THSDIT. LTFTRBWTIIADIC [RERFER) OF
HERBALELT, RiC IBRFTEECER) KBTI SHBREOEKRIIDONWTRRS Z &
2Lz,

BRERRER . BUCHEMNENESED. HEEOYARKEEEZFIT—7 L
TRY,

max} U(c,c,)

{e1,¢

subject to
(259 peo+ pc,=y
FEAKZETCHORIIBNT ¢ & ¢, BB L1HEE2HOHER. p & p, 38
1Bf &5 2B OMliRG. y 3BT, 22 TIREBMLDOZDIT y EAEEREFET S,
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B1E ANEBOTIOREDR

E-MBEOAEE U(e,c,) 1 ¢ & ¢, KELTEMEEZEDERKET S, B
18 E8 2B OMRENE F(c,c) =0 XD ICBEEFERTET, INHORED
TTERERETHIEH BV TIER<ASNTNDE L DI, ROFHEDRVILD,

oU/de, _ p, _ dF/d¢

2.55
@55 oU/de, p, OdF/dc,

BB 1B 5 2 BICRIT 2RANER L BALH R, THERESE p/p, EALT

BEInD, FEIDLEZLBRETRITEICB T DERRS I — MIRNTH 2,
EIATIOEIBREFICHT HRABEIH - Y- EAOHMMHFICREEZFAD I LK

EoT. NL—bHREOFETHHQEHRICBNT, BRRER LBRERE & Tt

TETLEN, k> TEES N KRR S DESDHEEE DX RKEZKD S A

HNH 5, [BREREBIER FBUFIH SO ZRBIC K > THERZT I, 20

FOBBEEBRERMET DL IMERAEENNT DI EEHBET S, HIZ BN

50X H g OHMBEFHZEDOZDIZ, EOWEEIH L THEBT S L. HEEOTEHN

RIFRDOEDIRSINDEA D,

256) A+ 1)p c+0+1)p,c,=10-7")y

ZIZT 1) & o1, BEIMEE 2T HHERE, 7 BHEHRETHL, ZOLE

2.560)RICBNT, HEEICEOTOE 1P L& 2 HOMBMEHEIE 1+ ) p /A + 175)p,

L7535, —HBROFERHRIROLDITERET NS,

257 g=1'pe+Tpc+ Ty

BUFick s { o, 75, 77 } OHEAERICI > THRLBRDBONHVEDHN,

I TIRIREEBEROEREZHATEHZDIT, RO 3T —A BT L TH D,

HF—2A0: —FEBi{1=01=0 g=1"y} (ZITIHEEOHE y I44E

ERERELTNDDT, FifEHl ©7 y B—FERLHBIND,)

F—2Q: ERIKEER {17 =0,177=0, g =15 p,c, }

r—2Z2@: —BHEBH {7 =1=1,1"=0 g=1(pc+ p,c)}

% 22 Qi3 —AQ (—#HEB) &7 —2Q (ERHRNEESR) ZELEKEIDNTHELR

LDOTHD, RPIOETIIH LHOMKE p =1 CEEELTHD, ZOEETr—2

ORI B HEEDOTERORIT
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(2.58) ¢+ p,c,=(1-1")y

L0, —Hr—2@QI BT HEEEOTFEHKVRIT

(259 ¢ +0+1)p,c,=y

Eia%, %22 FIIEETE 1B ¢, MBMTE 28 ¢, 25> THD. TOFIBNT
BEBNENEZOTREANCIDNIIER od. ¥ — XD (—FEH) OFEHKE59)RIT
B Be. U —AQ (ERIWEEBD OTFEHKQL)NIIER 8 THEIN TN, £k
HEEOABEBIZEMNEZH T LRELTHDDT, ZORIIBWTHHEOEER
BT RICED > THORIEE & L THMAN TN S,

FE2—2K 2BEFNMCIBITAEBOGE

yIA+7)p,

B’x1/p,

Ex 1/1+15) p,

% 2-2 MIBWT, BROBNERREATREE BT 2HERL. FEHVIROS ST
TH5, EEIEAHEH 1/ p, OBER od &, EEREHR U'U" oS (¢, ¢;) T
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REND, r—20 (—FER) OB, Q)R X VHEREKIT Up, OFEET. &
DEETFEHMOIRDOT 5713, BROBNGEEOTF7 o ZREAFMANC g =17y 2
FETBB U-ER Be &0, WRIIEENME UU t0EH (&, &, ) TRah
%, —Hr—AQ (ERRNEER) Tld. FEHNDOS I 713@59x L DEEN 1/ +
) p, THHER O L720. WEIIEEME UU Lo (&, &) TRaNS,
Er—AQIDWTIEFIE y. H1HNEE . B2H 0OXH p, 5. BLUBAHR
B p,C, EHMHMLETRLTHS, ZOMNSRBENFEOXZH g &EBlckoT
HEHRZETHEE, 7—2Q0—FEHLO b, 7r—2Q0D L D ENMHERR ZHW=H
DERADETENRELRD I ENDND, 27 ORFETL, —FEBICK A DE
id Co, &) M5 (&, &) ~OBELEND HIEHER] KEoTbEbIN30DIT
KU, ZREEERIC K52 A 0K TIEFIERIRICIA T fitgz 1/p, 5 1/Q
+ 1) p, NEEZBIERZEoTEEINZ. (¢, &) 5 (¢, ¢, ) ~NOEEn
S TRESEICHEKT S, & 25 Tr—AQTIIENNHBFOBEAICE ST (&, &)
BT BHBORARERS (QU/dc)AUdc,) = A + 15)p, E720, EEOER
ERE (OF1dc)(OF [d¢c,) = U p, METEBET D0, N> THlebINir—X
O (—FER) TBITBHAEKEE T —2Q (ZHRIMER) KB 2HAKEDETHS
B4 (DWL : Dead-Weight Loss)) 13, BN AR DZLRD 2 FlZIHHT
BIENAONTNS, F—AQETr—AQDHEIZBWTIE, MM DE(LERIT
Wp, ML+ ) p, ]l -1= 75 &72D., ZOEEEABRIIBE 17 O 2RITLHTS
ZEWTMD,

BRI —AQ (—REED) KB HEEZOTERIRIZ

(2600 A+ 79 +(1+ 1)p,c, =y

LEINDHM, TOEEHMMEKIE 1+ 1)1+ 1) p, =Up, EBD, TOTENS
—REERIEEFICIL T ERERCHREERAD L0005, EIRQC.60)K DM
WE 1+ 1° THRLEDDZQQEYR AN, y/(+ 19)=>0- 1)y BN g =
7y EVWSBERERMIZT D IC—RIBERE ¢ 2RONT F 22 HITBWTHES
DOFEHHOT S 7R3 —HEHROBE LRI CER S THRIN. BURFIZ—HER & B UFI
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BIE RHEBOYI OREFEDER

BEOEEE OPAKEE RS Z LA hD, B

Sk L7z &S [RisEBiEsh o M. BTG O H 288U & - CHIERE
THRICEL 2 BEREER/METDES BB HEESTTEZETH DM, ED3D
DI —ADhEL D, BEREBSIEORMERD 2 HITEEDD I ENHERD. OB
EBHAOBETRIIEHE L MBHREICHT 5N BN WS 2B N—TERIITE
MR EBMABETEDELT—HT. MEAMEEED S &S5 RBEREFEDRINAT
REFREICEZHAET2IET, ECANVZATINEEONE » 2AELRELE
7Bz, FHERIE—ER E A UIC o b, —RICMEZEICH U CIEm 7 R iA 1S B
WCXHT DB —ERIEWEE 2> TWA20I0, EELWERAEES X5, B2
R 2SI U B B RS T B R T 2 BRI R F /BB % B 72 5 T AR B
%, (DIEBIC X BIEHER OB & > THiz 5 SN2 EAERKIE. SEUMICERAT O
SR & BBE DA OELED 2 RICHHIT S, ZOLDoRARE - H—E Rk
UCEBBT 3 BEI0H. TN50H - —EZDOMREEZRE <8Nk > 3R
BFENEE LV, GRBIEEL.)

ZOES REERBMOB ORMITE 0 — R, F T SLIRE B S0 — R B O P
WBWTHRILDI EDWRIND, LITFTIE Judd (2002) IZHREWRMNS ZDFHITDWTH
L7, BHREERER CILRO LS RNBEOMARALEEEZEZ 5,

max U({c,,1-1}.,)

{ci 1, a b0

subject to

@261 @+ 1)), +(a,, - a)=0-1")wl +Q-1)ra, t=012 ..
4

t

77, 7:t=0,1,2,...}}

given{ a,,{ w,, r, 7 ¢

ZOHEBEEDOE t BT TERKNC.6DRICBNT, ¢, 1JHE. [, IHEMNM. a0, B
KO o, BEERES. w, &S, r, FFFE 77 JHEERE, 1) 3HEERZE.
7, [ ZEEMEHEEZERT S, £/22 2T OERET it E 1 ITHELEL TV,

BICHBEC Lo TERA t THAMRRLRREZ 1 ICEELTHIEICE>T, 1- 4 &

B¢ = 77 /(1- 77) ETHUTE N,
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B1E QNWEBOS I DEFEDR

Et PORBEMREI NG, WEEODRIWHELABROMS { ¢,,1- 15t=0,1,2,...}
CRET BM, RIRAVWE 2BEFIVOMAERLL. ZITHHBEODAZ { ¢, 1- 1;
t=0,1,2 ..} AU THEMNEEE T ELRET D, XLEEEOFBERETEILD,
B& w BLUFIFER r, 3&2HEHORALEEYBIVOERORFEEMIIHFL <720
T3, ZOEEFHOENY (17 =17"=17'=0;t=0,1,2,... ) TEHSHHEREE
T BB - Y RICET 2BANRER LBRER RSB 2T L THEEELTE
0., BEEMI/NSL— MIBREIZR> TWAS I EERT I ENHRS, BLEEFERAWE
BT 28 { ¢, ¢, } € R VMR p/p, OTFTHEINTHWEDIIHLT, Z
ZTIEE - —EZADKRTIIHE. 5B, BLUOEEKCDWT{, [, a,5t=0,1,2,..}
e RIXRIXRT LAa->THY, BRAREBRIBRAELES INOH - Y—EADTNE
NOMBOHEREITDNTEIND Z &I,

ZHAUTHK U CBUR Y H OBHERE (R O 72 DI B 10 U T 5 D OB 21T S B4,
FFERRE 2 METINOFERU LD, BRICK2&E - U — E A DXl DELR
RANREBERLBARAERRERES Y, CNKIZEREDOEANHEZOIAZED S
RN D 5, B —RISETTIICE Y 2 REERERIT. BURN50XH { g5t
=0,1,2 ..} ZEBICE THEFZTSHRIC. HEEOREBRER/METDLIBE
Bt + —EZXOBHE { 17, 17, 7)5t=0,1,2, ..} WBLEITREFHMESFTEHDOTH
%,

LEHOTEHPC6DEE, t=0,1, 2, ... TOWTEK q, EHELTELDDE,
ROE D RHEETEHRMNLZED,

262 (1+75)c, + —Um)a (tz)e,
[1+A-7)r] [D+A-1)R][1+A-7)n]
=[1+0- t))rla, + (1-17)w,],

A=t )wh (1-7)w, [ .
[1+A-t)A] [+ A=)+ A-17)7]

ZORIIRDEDICET I EHHKS,

(263 pic,+ pie+ pse, +..=1+Q-1)rla,+ pily+ pl' L+ p L+ ..
A 7
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(2.64) i =[1+0- 1))rla, + z p
t=0

t=0

(2.62)F, 2.6, BLUVQRENEOETIZ DEBZOEENETH S, (2.63)EXBLN
C6AAXTRHEHOWR LFBOREMEEZRDEDITERL TH 2.,

1
265 pi=1+71;, pi=0+tHAJ] +Q-)rlt=123, ..

vl
(2.66) p,=1- 1w, p'=>1- T,‘”)w,/{ﬂ [1+Q- 1)1 t=1,23,..

vl
IhsOERBEEBWIUD. BN —BSETFIICBT b REEet { 77, 7, 775t=0,1,
2, ..} DT RERFBEROED TGRS Z ENHKD, OUHOEE q, 13F5 T,
ERFITE 5 STYOEEIKEL TRESDDIC, DHMOBERS 1, a, CHT 28
BUIS—HERIL2D, ZOOBFZHOMEBEE L TR OBERSICENT S Z ENE
FLW. WPBOEETREICHT 88 1), q, ZTTRHENFRTBHEP, {5
NOBEATIOXDBEBATARREEIE. & t=0 1, 2, .. KBIDWHEIH. %
BFE, EREEREICGERTOLENEL N, 2o { 1/, 1%, 1,5t=0,1,2,...}
WIROFERZMZTIENEELN, F10O81F. HERE { 175t=0,1,2, ...} &H#
s { 1)75t=0, 1, 2, ...} 3. ERSHEOHEMMERE ZEDRN. A L—R7RRFINE
FLWNWEWSIZETHS. FE20RDIE, ERFERE { 77;t=0, 1, 2, ... } TERHIC
TORIORTDBRERHDLENDI I ETHD, F 2 ORMDBETHS I EIIROKDITH
BHHIR S, FIZITERED t IOWE L s HOFBOEMMEKRIL t > s OBAROLDITE
TIN5,

c w (1 TC) . F
) serpvl= | LEE) [1 _
(2.69) [pt D, ] |:(1 T :|/ { [1+(1 Tv)l"'/]}

v=5+1

SRICETOERN—ETHLEFRBICEZR > THB L, (2.69i

@70 |pc/pr] = [M}/ [1+(1=7")r]"

A-t")w

L7 BN, TN ERRBINENE G O EE
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@) [p/pr]= %/ [1+7]"

EDLBEZLESTHD L

. t—s
@12 [perprlilpepr]= (;Z][ 1+(11i};")r}

LD, TR T =0 TRINE [t-s| OBMAEKRCREHELTLES ZEITks. &
D 2 BOFTRZE ST, BRICE 2B AEBKIDE LA R OZLRD 2 Fi A
THEDIZ, TITORIRBNTS 77 =0 TAVED, BRICK 2 EARKITERKC
FEHMLTLES,

EIATRIZETD t=0, 1, 2, ... TOWTELHEHEE 1/ =0 &Lk&E, £&
Dt HOH B E s BOHBOABHEREIZ
@73 [pripr]= [%{%?%%] ‘EIIU+41

ERIN, INEFEBVENE S O

(2.79 [p,“'/p;"] = [%]/ fl [1+7]
s v=s+1

DHEBEEE>THD L,
e (5 mlerim= 25

L7120, INKOHBFAEHRERAL—XHS 17 = 1) = 7 NEELWEWS &
DRM5, FRRICHEHBRZEICONTS 77 = 70 = 7° LI AL—ARHFINEE LN E
WS ZENGMNS,

BHRVHELER : L THHEL D O0EEN—REEETINICB T2 REREPEROET
THEN, NDNBFOHMBEEIZEZA DB REZROL D ICHHALRS, FTBUROTE
fileCADXOmLE Y, THRERX

7; B _Bt

+ t+]

(2.76) -+
Y, Y,

L nB _
Y

~|@

i BN. BOEEBIERL S EAN DB LERIC Lo T, MEAEE T/Y XL
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—ABHRFIPEEL NI &R D, IORDBFXZHN GDP & G /Y, OLBIIH 5k
BRFE (E38F) (B, - B)Y, OBECI>TRNINSZLhb. fLidEs
Kkd G DIKRP, FRICES Y, OHNMNIE-T G1Y, BRELARDLEL. K
FRIEANUC & o TRHESRET 5 Z EMEELNEND T &R 5, —HANEHES B,
DEEIT. TOLS BB L BEBIEELIC L o TEOEEANRE > T BT L1225,

EZBTERC B BBFOTESKR O GDP %) THBER.T6)FE, t=0,1,2, ..
IZDNWT B, EBRARAWELTEEDS &, BUFSERIRICH 3 0 UE7 5720

gL LT
)}=(1+ Q)éﬁ
¥

2.77 i {[ t (1+r5):| (

EVWSERENEONS, —RICTH t=0 OLWEBERSIE B, >0 TH3H, QI11DK
WEBIRDEANZ RHIRICHT 5 LD BMBCEEIIARFRETH D, WIND DR R THEK
BFEZRRLBTNEQIDAE/ZT I ARV ENS ZEEBKRLTWS, BUF
LSBT HIC L > TRANEB RS OB X 25HBT 5RAIL. BEORHRICLS
T G1Y, BRELEETHRHNICIIR < HTLES Z &4 Barro (1979) 1 &> THES
NTHBH, 1980 FRUEDOL < OEEEICHET S B, /Y, O EEEM %50
THOREL VLS ICEDNS, ERFAROLS ABENERICES B/Y, OB,
BUFIC K DB EBETENC S > TRHBIHR S & L TH, 1990 FRICHBUT B FHE D AHIE
BEREOLRIL D20 OO VBENZERICHRKRTSEEZLSNTHED. ZODIA
FIZBT L2 REOLNNERZRS OB X 2HBET 57201213, BICER>ZAEDN S OO
PLEZA D,

NN
@
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E3H SR BORFEEE

8 1-3 fiTRZLDI1T. REIKBT 2 AMEBKE O GDP LRI, 1980 E£REF D
NTNEZOBHZBRNTE—ELTERELETITRD., ZOLIBREHEOLMEBOF
GEATREMES, B EHIMICRERBICRETHS LNBWRT T4 T8N EanT
W3, REOAWESES GDP HEL, #Fats—42ickid 1990 FRDORRHITHRIC
SELTBY. ZNEARHICEZBINAR. SHIKR EEBLE 60 B 7= R AR,
E-HBROSFTHS GDP OETFREICEZHDEBDONENS LIV, ERIZE
1990 EROPBRFOMN2 D OFHIE BRI WO X 0d TEEN) BRERICHRKT
BHLOTHD. SBBEMEELREEL TS, BEAEOREE, TORRE L TANME
BRSO < fIEEENSH B END T ENEHIN TS, (Ek 17 FERKEHEA
ELM,) % 3 HTRIDOLI BANEBEREFREOBENERIIDONWTERT LN &
FNTEE 3-1 S TEBROREICBIT2BFBCREHMEL. K<E 3-2 #iTIIRBEREN AL
THESICRITTEEELERL., £ 3-3 HiTIIANEBEREERDBUERE FHIERITD
WT, REORRZHAHRKDAREIEND S EEBEDNDDDOEEDONENT 2, 5 3 HD
SN EIE. REIICBT 2 /NEB RS ORRIIBMIBEREICHED . BROEIS
NI OEEROE(L. H£BEHE (3T 7)) 260X HZED < HHEACRHER
HIB D Fet 0 B8 EOBIARBEFNER. ADEEOELIC X 2 RIEEFREDOILK
2E, BARBERICEPBEENRBRHDIZL > THEL TN TIHRNWNAEND T ENE
PRENR->TL B,
3—1. BEMSSHIMNTITO, REOEEBEROENAM

COHETIE. B 2 KREKRTERD 19456 FNOLSHICESETOHARBOHE L, <
DOFTRFBRNR 2 U BE 2GBTS, £ 1 HTBRREZXDIC, BB - nE@EEE
OERENLZBEHNEZRCINITRFEROBEHIOTHEOERERET S Z & GFhEME), @)
FIEOBENR (BFH) . BIUGWEIODRED 3 DIXFEINDD, ZOHIIBIT 5
BEEOERD, IN5 3DDBEENSTH THZN,

% 2 RHRAKBEZOHAARIT, EERHIOEELEL, SFR(1 27 VOETZIIHTSZ
LEnD 2 DORBEICN Ligitnida s /e oz, B (1981) kiUl BEOEE
BE713. 1934 ££~1936 FEITBIT B EAETD GDP O E— 71K LT, 1946 ££D GDP i3 55%.
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1949 F£ITIL 68%REICE TULMEER T, FLEEKEIIONTHESICE > T, D 3/4
MERONTZEND, FLEHEEMMITONTS 1934 F£~1936 FEDKEICH LT, 1946
FITIL 50.6 £5, 1947 FITid 109.1 £5. 1949 FITIL 2869 fBICET LR LZEWVWD, ZD
FOBRMIEA > 7 VITiE. Ry DEMEICE D 1949 £ - BiETHE L. ThlE
DERBERE AW HBEEMBERICE > THR LD, —FBFEEIC L BEERENO
FERIT, EBEXOEEZEREMNE L EREESR] &, 1956 FICHKRE Lz THEK
REEHE) OERAICE> Tirbh e, EREERRTIE. 0 - GREZICHLT. 18
BWepnE] ZBULEFMES, BRLAEMEOEZEZANICHET S EVWDHET
XEMTONIZ,

TOBRHAARFIEEPEICED, 1956 FOMBANBMO T TARINZREBEHZICBN
T THITPEBETIIARN] EORBICED. 1960 EROFEREMNEBTITEHIEE
7ol BEREMIZBOWTRONTEREBEL LT, BEEXEICLS THEEETR
BER] BMRSASNTWS, ZHUT TEEE) & IFEORSEIE] WD 2 DOHEE
WWEDNWT, BBNICEREEZEEL. INSEZLIIN LU THARRET 28 U ER
BE. BOOETHE, Hle. BLUBEBEKEFLREEAVWTINOHESEENS
T 5 LS L EBREEERA L bOTHS, 1

—77 1960 £ 5 1974 F X TOREREMIIE L, BE - OB LA BEICBNTRE
NHIBR L., TNOSNBHICHEARL T o 2RI THH o7z, TD72D Z ORSICBUFNTT
O FERBEBREL TR, BREXOAEIEER, MEREORE. LA
HERERHEOEADLDIZ. MIBEOEAEEZENELEZDOOHENMRLIIEE>TE
7o

1973 FDHE 4 RAREKEFZZoNTELE, FTEAHEHEICIZ2EERBORAEZE
RAET2amifittOS LR, FiiE TAMEHE LREAZ2EDEL2<OTEEN BRE
REA T VDRBETENWD TAF T 7V —2a ) b lidhidzsianos iz,
BIZZORBMORARICES TE, @R UBIORILEEMABET ETENS ., BN TER
ERBEEFEDOREREITORRICHIE LRTNE RS aho iz, TOKHAAZE

M BRI BERERE U CBIEINOESME. BNk, BEE, B, St SRt
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7z 2 BEORHMAERICBNWT, SIEESIWIEL LI EF U27zDic, BEOEEMER
LTULESEN, TORIFFEOHAL., EEFENREDOEICTEICHEL Lz Z &7
5, BERFCKEEX D DHEBRHNE ZIJIZREETLIENTER,

1980 FAETFIT. BRAKEEORKIEENENSF T, HEOEZAEEL. LA bk,
RE. BBHE, FEFREHHEEZORENE LMDl BABEEOEBEEN
RERBEEB ST TH o7z, BIEMBEETH 2T AU N OMBIRT RN
TRFED, FifE [RFORT) OMER. ERBERHORZEICE > THRABRDDITRD D
DHolz, D 1985 FOWKHEE L HADH TR EINZ [TI5HER) & o0
ELT, MIERIVCH U TRIBIZT ET 5N, EEENCBWTRBIFEZEICL5NE
TERBORERS 1. 2t 1980 EREEOEEMEE LREO—RIZ/R 520 TR
EEZLSNTNWD,

1990 FRYEOEEMEOTTEICIEE D, €0 10 F£LL EITE > THWE TERART
ORERIZDNWTIIRAREBENRIN TSN, RPROFELZEREL TIE 1980 FRI
BOWTEICET L TWe, HERIRE> TORH - ARREBEEIHRT5DERE>72 T
ETEBWR, B INSOELET. NICH > TEIADFEREE WD ADOEEDOZE. 5t
H > TIEEBEDFRL - V7 MLl BEOEBLNRRICGEALZ LSS, &
NS DRBEELADHINITEN S T TEEMENETE L2 &0, BARDOLREMICBIT
HAREERELE, SRMPMEROANEZIBE, TOHREEETMICK SRMEREDIMS
L. BEZ N7 O%HE - BWHLO LD 12, BARELEORRRS ORREEZKRE<HE
0D LI T=D TR N,

1990 FEFHELR O BZURR O EDRE OMFIL, BEY/SFFBERZT D L TRAIRR
HDTHBMN, &M< ZOBHRICEA I NI, 32— 7 T 1 OILK ELFDENL
FELNWSSRBEE., EHEANKHOEREND, EHRGHBEBREHEHOEZD
DIiE>7z. REIZHOHRLIEIRIE D RAFEET, FICHPBZICEI > THIHFDORKETX
ZALEDETHHDONE >z, BT 1990 ERITIFAVFEHLICE 2 ADHBEORER
ZITE > T, BITORRIFES - RNHEYERRERGE OFH rTsEE TS 2 B MENREIC

fE. AL, BREa COEXRZ 7z, hF. BEF (1995).)
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FLEL. ZNCE2MERICHT BAEN, BRERICEOIMEDOEBAAE, REED L
RIHENCEABELGDLISZEICE- T, REEEEZREAF TSI &ITB>TL
Eo7,
UEEEBENSSHICES, REORFOWRNE, T TREBEROR L EE 28
UTERM, RITHENz TRBBEDO 3 DOE/E WS EANSEEBLTHS L, ER -
ENDRERIZ KL DR « MROEITH U CHE - @RBEREZBBHICAWZZ & BED
HEEN S 1960 EROBEEREMICNT TEMINZEBEZORE L BRNEZDOFE
Fid, IS OEENRFDAREEOD DIMBIRENTILT S LD, PEEEZENEL
FEBURMEBRTH o2 &y e 1960 FROTBESFEFREOBRE THNZZMBAR, E
M. HEROBZEEZRELEI & 1970 FRLIREIIE It S ORI B M5 B BRI E %
AWEEOBHSEMER LIz &5, BFEBGROELD [$%EME) 2BHLEZDON
5 D] Z2ERLIZDDANER > TELEZEZAONDLEAD, EREEEREMNICHES
NZEEHERBRICDOWTS, TEENE] © IREOMESHIE] Lol T3hE=E)
WEDWERENKZAMICIIBT SN TWELTH, TOEENBHRIID L AFMER
SERZ. VAW ZRETD LB 07O TIRRBRNRAEND FJ2Y EFEICBWTHRA
BHZEE I L o THEEIN TS, f#lx13 Beason and Weinstein (1996) 13, Q)EEED
BWEREFE, KORELQBENEBHEBZZT TWE, WHAEICHT 5 NEOREE
(returns to scale) OREREHITE, LD RERBRMEBHEBZZ I T, (D&
ERAENE (TFP) 1. BURMEBHEB EFEOMEEED. (WEHSERERIT. BURMY
EBEBECEOHBZREDEND 4 DORMEMIEL LA, KHG), (), @HIWNT
NBEHSINZZ L, BEREBICEVWBEMEBERBZZ T TW=0, DUAEERD
BNWEEE > Z & RH U7, Beason and Weinstein (3{REGv) 2 EH kMo 72 H
DD, HEICBW T EABERNEEEBENSR LGS LEEXOENSREREFRDO &
LTH, TOIENLT L DHZEEDOHRFNE®/OI I EITIFRSRWAIREENH 2 Z
EWRHERLTVS, FIZERETIEENCENOIAFELZENEEL T THEZTZ
EWAJEEDN D LIVE WA, T D Z ERBURMICTRWVREZZIT TN S I AEZEDERKRZ

B ZOEIBRF BRI NSIRLTWEbDIZ, FH (1998) 7H 5.
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BANEBRT DRTIIANES S, £2NEKEE(1987IE. Beason and Weinstein &
MU, AEEOERVWEZEIFE, LORELANBMEEZZITI TN &, BEIZABBEDN,
HWNREEBROTELOEERZED M ERBE RN oI EE2HRELTNWDS, —F
Horiuchi and Sui (1993) 13, AHEEOBEHRZEYRICDOVWTHANZ., HLHICKD &,
F A BIRARIT I R S N2 - ARICBLTI, CORBEENO LEIER
INTHBY, ZTIUIRHREDOR R Lo TZEE - REICH L T, REOSRIEEEIAE
TEARIZ MPEDICRE I NZOTII AW EBEINS, FO0995) & ERERHIC
B HRFBEROEEZBEWIL, BEREOEDHIE &2 IN 5D KRS NSO E
R, EEHEOKEDLCZDOREROEVWERSE, EEEMESBERL TWSEXREOREZR,
BABBEHEBREZANTHNT S LSO TRBNMEBRRTNS, Fi 2 1T HE
A& EZM/NT 2 DICFRBUFISH G AL, MAEERER., EloRar@BhezA 0N,
BICHAIZBITBAHBLZIIONWTHPREFICLH2EENRES (BEEEE) CHPE
¥, FHMBERAEREICESENMOEM L, RARBERNWEBEENE OGNS LD
Bolel EBBRTNS, £BHOIR,. AMBORWHISIZE, #HABBREDORAICED S
FRBURN S DBENRENEAMICH > 72 EZ2EHL TH 5,
UEDEDITEHENSSTHIINT TORFEEEZHMEAL TH2 L. TOEEREMNIT—
BIZEZSNTNS XD BHBEHNEWRENS, ZRE] K0 A% TEEZE
WEZBbDIZHEZB L TEZEDICBDNS, —AINSORFEBHREZ Z4) & (&)
DEMNPSEATHD L, BREBEHO R E) NEELRBNERS, ERELOEEOD
EORBERTI, 23 & T8#H] WLAEHIIESIbDEEZ NS, EK 1960 F£RET
DEELBREBERICDONTERATHS &, EBEZOEELER. BEXBHEOER. &
BEEOEM. BEstEOTY M 2 s, wind HEHEEE & PERRaTaett o
EOmWn., THRAEE ) IGEWEEZF->TH0, TREH LI3ERD, 20 %%
WBEREN DT REESHDOERIIRATZDDEEZ NS, —F 1960 ERNSRLZITEL
DODB->TER, [REE] Z2XERENET5HEBRIEBERTIE. B, EXEME. #H
BEHEOREREICROND LD, 12K ORISHENSLEBERESINTSHO,
INIHLUTERAD T8 WA - H<ARINTWSHEEITIE. il TMBEER) &
S THBZHOIRIZEIED ENT B Z &%, 125 & T&#) 2REERIINV—-T0
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BIE RHEBOY I OREDR

MTHEEST 2L RBEEOLEENREICZ->2bDEEZEN5, Jiud TRME 1<
BUIB %) & TE&H) BEFICHEL THWBDIIH LT, M) OX D 7RBEE
HEREESTIEIOL I 7 1528 & TAHE] OHSEENRIL > TWHLAREIIES, &
WWHERBR L& D7 TSR NECTWAERRRBBESTHS I,

1990 FRFHELSRGE AN SBAL . E-BKEERORERELZ T - BEHIRVICHS
LTI<ADICIE. B2 BNAILAZTTIIRS, #E  BEOEL REREENICE
2TV, Fiil TEERE) 2EDTH ZERBETH S ENSRBEIIEFE> T
5500, FFFICINNERICRETHS ZEORERERIT. HEOREOFEERF
BUREM, AR, EXEM. #EEREOBREEZRIETSIEEZENE L. FIGHEIER
WTHBILEKHRTHHDEEZ LGNS, FIZITANES - ANERRBRZPLELE
HERBEHIEONE, HFEBREREFREFOMBNY > 7 Z2HEeMT 5. g 1=h—
OE], FTE - MBEHEBEBEEROBREREIIBNT, LU ZL DB EYR
EQOEEXNHRL TWB LS ICEDNS,

3—2. BEREEANZHEEOZEL

D% 3-1 HITRT B0 6L BENSSGHIINT TOREICHBIT SBHEBER DR
BMELT, OEARE. HKRE. S¥EE - EEROKBERT2ENE LENEBESRBERN
BILINTERLIDIICAZTONSE Z &, FE@WRHZHORED. ZIRNILEHFE TRk
FELHOEMRITRS THIAKE ) 20N S, ROKSEHENEES TRARIES
IENHDIBRL TEEOTIRRND, ENnS ZENBIT5NS. UTTR. 20&>
BRBBEROBEMNRELE H6 LEERIZDWTEERT 5,

FTOOHBEIEBEORLIIOVNTIE. ZOLIBREOHALE LT IEROEL
O BUERBREEZEL T, BFICI5RFEBRICRBREINIBRTH S EWod
ONHBESD, FIZITEOE 21 HTHW-BAM—ER (CES &) HL3AEKICS
WT, DEEZHFOEEEZERI/NITIAY— 0 DL &L > T, HSWBENN
Y LH (DIFIEER) BbONS, O—)LAHRbDONEZLL TEREEWND HEANT
M LIV2W, (KR (19875 H,) LA L72A5 Persson and Tabellini (1999) 1T
T, FIEBEOEBROMLIIEEDEZIZHN., L<OEEHEICBVWTERN LS
RN TELBEINIBERTHY. INEHEYABERD/IT AT —BEOELDOHIC
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Bl1E NBEFOTI OREENR

FoTHBEATEZ LIIRERZS S, Z<OEERICBW THEEIRBSRNMIEINTE
EWSHEHEOHALE L TIRMhICH FEBEIEDLDOIHII R THD . BFERE
X BFREOEINIES T, TORENEE->TEL] L0000 HEHNH LR,
HEFREDEND BIXESBFOHBNEETH DM, BALHESNENITRDITONT,
ZELNWEEOHEKREMEZERTAEOCR>TELEVNDIBDTHS, * ZO&I72
BAIZ. ROV I—BERERETTNOBMEZANWTHREAT S Z ENHRDS, 0D
EFNVEETRE tHITBWTELAA YT K, 5
(81D Y= 4K,

EWSEHIELN
B2 Y=C+1+G
DEIWpEND, TIT C, BHHWHEE. G FIAKMHEET. BFICE > THRL 3
EREREICANENDEBDET S, [, IHET. WEIELHO—EEHE s 0, D T
fibns] LRETS. BB
(3.3 , =87

EVIBERERET S, COEEBE I HIOEAR by /I3FEEBLUT K, = I, + Q-
6) K, OEDITELT BN, EXREFEEEZ 6 =1 LRETDHIEIKELT, HFITB
WTIiE K, = I, &85035, ZOEEE.DHEBIKLD
(34 K, = sAK,
EVWIBEBMNESNEN, BLTFCBNTIE s4>1 ERETHIECEST, EXA by
I EEEORBE EBICRET DT —AEEA D,

IORBIBIII2BREEFEME. K, 20HEE LT, H22HE%

@5 U= p'uC,G), 0<p<l
t=0

2B.DRX,. 62X, BIUGHROHK T TRALTS. LEHEE., NHOHEE. BLUE
FA v IOHEN L C, G, K,,;5t=0,1,2, ...} THDELEETS, BHRIBITSE

6 HEAABLWHAICBWTHHAFMILE<BRINZIHEHETHD, [REED T
2D NEBEWER S WD FRTIEAR N,
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B1E NQHEBOYIOREIR

tHIOHA u(C,,G,) TDWT, RO& D Ieu Rz AL

(36 u(C,G) = 0log(C - C)+(1~- Olog(G - G,), 0< <1
EZRET S, 2ZT C, BXY G, FTNTH. ZOHBIBNTRIERLEZFLAN
BRLUONNETHEEMIRINS, C, >0 2D/ £7213 G, >0 DEXEORILE
I UTCIEHEEIE) (non-homothetic) 72MEEHF L THD. INDNFHED LRITESH
BERNEOEEHET, V7 HICUTFcBn TR

87 (1-s)4K,> C,> G, =0

ERET BT LI THHIEA t = 0 1ICBWTIE. FIBKENE -0 ICIHE OIRR%)
ARG, EEMHEEOHNANHEEL D DHEMHICEETH L LS5 Rr—2%2%S,
LI EOBEDOT TIIEERFENS, £t HONNNE LFANBEEOLE G/C, 1

(1-s5)AK, o 1-6

s G- _
C (1-6)C, +6(1-s)A4K, 0
&:f;@t ZHUTIEORXIVERERIC (1 - 8)/0 2> T EMLINEL TS Z &M%

BB, FEAHENELLE G/Y 1}

A=0)A=)4K ~C\1 1 _ g)q1- )
AK,

c9 -
Y,

70, INBEORIVEENI (1 - )1 — 5) KIHET2 2 EAHMB, %318
DRFIVANE GIC, DBEE, NIVEBIE GIY, OBEEHNEHOTHSE, Z0k
S ICREERE SHICAKEER G, 0. RINE C SEH Y 8T BRERERLT
< DI, FHEDMEN S B IZELIN BN 5 O RN OFAVAKNES 5 DR R AL D
AT E WY, BB & - THENE £ 510N T, FAMIEEN 5 ORRE M
L. AREEOEBEINNICE > T D5 TH 5,

G DARIF I OMRIAA, A B3 5075, BBBICENDOAEEE
LTEREND ZEIDNTH, BEREICHE > TERHIEE ORI EEENE(LT
BEIBETINERNTHAT S Z ENHEKE NS LN, #AIXIEROLS Ry o—F8

IR FBRR A BRI E WA Z LTk o T BIEREICEED v 7 ORFEE
DEALZFHIAT 58I Echevarria (1997). Laitner (2000). Kongsamut, Rebelo, and
Xie (2001), Greenwood and Sechadri (2002) 72 EMNH 5,
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B3—-1H BEREIHERZHBROZL

133U (A)

G(t)/Ct)

time

JACYI2(=)

G/Y()

time

BEREETNEEZTHD, ZOEFIRETEE t KBV THRKA T IALT
PFaTDEIRNNEEA Ny Z, & BRHWEERZX LYY K, 5. ROE 5723
7 FU S AREERMERWTEL Y, MME505,

(3100 Y = A(K,-K,)(Z,-Z,)™", 0<a<1

2IT K, BEU Z, BEhEn. EEEHOLDCRERLESROESA Ny IB
FORMEERR by I THD BRSNS, BICAVESARKGOR AR, (3.10
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BIE RHNEBOY I OREFDHR

AN TRSNDEERBIFERACH U CEHEUNEEZELTBD,. INPRBEREICH
SHEEEROBENBORLEZTET, LUFICBN TR
31D K,> K,=0 XY Z,>Z >0
LIRETHILIZE ST, FifRKEDENHRR t = 0 IKBWTRAI T IAMIIF
AT DEDIBRBHEERA N INEARLTWE DI, TOEEERREELAA Ny 71T
HATABRENCE W & S 7RI 285 . |

EOHER Y IIMVEMBEE s 0, 1) THE S, LB C Kalohs, B
812 Y=C+S,, S=s5Y, C,=0-s5)%,
ERET D, —HIE S, IRWEARR [ LAWEARE G ICHNLNS,
(8.13) S, =1+ G
ZDEEREERANY ZIIROEDITHREL TT<,
(.14 K, =1 +0-96) K,

t

(8.15) Z, =G +1-96) Z

W t=0 KBFBEEA Ny { K, Z,} 2FEELT. ZORFIBIS [REE
BES &, ROXORAEDAER U 2RAMETSH LD REE. REAA Ny 7,
NHERA My 7 OWE { C,, K,,;, Z,,,;t=0,1,2,..} THDHEEET 5.
3160 U= i p'log.C,, 0< p <1

t=0
PEOEEDTT, COREOREERRAEHETSE, 2TOER{ C, K, Z.,,
Y} BEGERICE —ORER ¥ THRELTW ZENREIND., I TREKRERIT
(817D y=sda*(1-a)*-6
EEHEIN, 2T ¥ >0 ERELTHL, B8 t ITBI2HMWEFRZ by &
DNEIEEA N v I ORE K I1Z, 1%

(3.18) 52 o Z-Z, < o
Z, -« Z, -«

RN, W t=0 1ZBWIB K /Z, 2L LT, #EMIC alll- a) KEH->T
TSR LTI ZENREND, —FHHB t BICBISLHNERZ by 7 EEHOHER
Z,1Y, &
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E1E KHEBOT Y ORFEDHR

oo 5[5 (=) (4]

rEEN. o5 5 REENIC {4la(1- o)l Kih> TFRL T Zetvndns,
% 32 ORI K, /1Z, OBiEE, SPVBICR Z,1Y, OBEEENTHS,

H3—-2F BEREEESA MY IEBROZEL

IRFIL(A)

K(t)/Z(t)

time

1RFJL(B)

Z(t)/Y (D)

0 5 10 15 20 25
time

ZOETFVEBWTHEERE EHICBNERZ by IV MAWERZ by VIR K, /Z,
MERL., FEAMEARZ My VWEHIER Z1Y, WFELTT EWIRENERS
N5, REREOTHBEBIZBNTIIANERA by I5, FARERZ by ZITHN
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BIE DHEBOY I OREDNR

THMWIZAR L TWS7=DIC, TOBRRREEENE W, BEKREELHKICHS 17
DEXNTRITEBINTL B L, DWEERA Ny 7 OHEMEZEMENERL T %0
5TH 5, HBENSSBIIHTTOREIBITARBFBEROBHO—D L L TEICTEBI .
BUR S OBRRNE D, ZORNEH TARESROEMRICRSK D73 THiFNFLEE )
HZ2BDON5, DROKRSEHEPEENSZFHIFITENDDANEEBL TELLEVWIER
F. ERUEET VBN TEEINALELDBANZALICHFKT 200 LR, E
BEEE SR WEORETIEHESNA D I IA NIV FaTOEDIBRNERZ by 7R
ARLUTWZZ2DIZ, TORANEEERITEN 2ZHDEBDLNDMN, TOBRORFEKE
DBEBIZBNT, ZOEIBHEBNAI DT IANT I F a7 OEENEATSSE, TOD
MR EBREANER L., EFICB TN ORLRELRRBRCHAICB T 5 AHEE
EDED72, DROBESEHEN D SEERENZR. FRHEIENDDIZR> TERLEN
SHEIE, ERL7zL SR ET IO E AW THBEERS O TldRnhh EBEbn s,

3 — 3. MENMBIRFOBISREEEHER

5 3 BiTIIIADICE 3-1 SICBNWTEERN S4BT TOREICBIT DRFBREH
BI5Z Lk, ZOXEERFHELU TORBAR, MM, ©ZEM - EXFROKERE
ZHWE LEEEAEBRMNBEINTELZLDCAZT NS Z & E2WRAKNZH
ONED, HENLEH TTEELHOERITRS HEAHKE Wiabons, $IRO
B SEEPRERR TREEF) IGENHDIERL TELDTIRRNWNEND T L 2T,
B<H 32 HITEHINS DREOHBWHFICONTER L, LALBRLIDXD
RETERZEFICEHD 2NN OERER Z AR SN0 LIVaWD, ZOBEOEE
REHTH S, BANUKE L 2 ANSXHOMEFZEOMEE L, TOFEE L TORME
BESOEXMEZLTUBHBEL TWBR TR0, ERANESTES OFRRIZIERIT
1970 ERUELZ < OETERINTBY., Z0LIBEEZHETIRAE U THIBREE
ZFHRERICDOVWTERLIEZDONLHBBEEINTNS, ZITEHINSOERDD B,
BICREORREZHAHRS EEHONSHDE LT, HFEHEM»S OXZHES (€T
—I)VEIRE) . M T BBUE Y I — T X B NHEBHRIREROH LAITEWEE (war of
attrition), BIUOANOBEDELIC K D SREREBRIHDIER E WD, 3 DDOEITHE
ERENT B,
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B1E SHEHOT I ORENR

FAEE» S OZHBIS (TET—)VHEE : T2 T-IVEERREER (7))
NEOEFEEBHEFMELL THSDSASN TSN, INEIHHA L TARNEHOER
{LBSZHETSE 2 ENHKS, (Persson and Tabellini (1999). Velasco (1999) ZH&.)
ZOBEIFELVHBEZHABICOWTEREZRICT S/ —TIL s, HEMERSIL
TORMNED S BHEFEVWIBRBETETINLEINS, FIATHSREEGIHEZERT S
TW—T, DNEEEEZERTZ N7, EF2ERTI I —T2E XHARIIEL
TEIFERIZTZ7)N—70, SHENCKHEEEZREL. INERBELIEEAN
Ko THHEREZET 5, BNARET 2HEEICIIBEANIC L > THIEFAEN S NDD, 1§
ANBIFRMIITBRIC L > TRESI NS, ELBERBIT—FER TR, KETOBRETE
WEELZLFLYRAKERZKTI®SX57 (distortionary) BB ThH 2, Ee&IIN—7
OBIFIIEMBEZBLETDHDDET S, ZOLDIBBEDO T T, RINFI—TELTO
BT, B, BIXUEANE, &N —TOHAMTH 23 AR ZHmALT
5H0LEEHRETNL. F 2 HITHRN LERERHEROZEN S, L2 HEKROREME
DizDITET N —T7 OZHETEIL. BEZBU TAL—XRHRFITHD ., KEBICED
7N —TORANBHARED & AUZHICE 3£V — 7 ORA R AEMZ NS
SASEDBLONEEL NI ENDN B,

ZHUTH LU TE TN — TSI HETE 2L T35 5813, 8BS O HBITHED B
REBATUELR (kOB ORICEAL T, BROXRES I —T7ORAKTESITDN
TDOREETH—H T, BRNETIN—TOREHBETHH72DIEL D, 7N —T0
HRAETEERLERN, BICHFOZHEFRGE LZEE, BREOES OXHENANE
BEARSBZZEN, MROBMFEOZHZIMETE E WO HREEERICANDS ETHIE,
REHEIIBIZETIN—TOXHIE, BRERIANTARIZED, LABERLIDBE
EFOZTHERELTEENDI AL TRWRINI/ZDFREENRD S, BIZ&T I —TIC
EBZDEDBITHODI, AEBOREMR LN TERIT/RDAREND D EN
BINB,

HEMFEN S OXEBREFETINORHNSSNS I EIF, —DIITEBBOFRITDN
TThb, RIC—DOOXHEHE—DOMFEZEEMITSZ I LITL>T, ZOXHZFD
TN —THEBIC LB AE T 22 THEMET 3 2 icikiid, ZoX I —TiR@KRaX
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W2 5725 5, NFmERNZEEREIMLO—RITED SHEIND Z ENEROT
BEIRE L TEEB SN TONE, BRERSKHESANEBORAMEEMHT 2 Z Si3# LW,
HEMFEREOS NN SN2 ZDEOMAIE. NTHREEZ DDV I — T ITEHT
BZEICE> T, RBFEEUNTBREXZIHCAIEFORKLEEET 5 Z A%k S M
HLNBNENDZETHD, LNALEBNS ZDOXDBHEROERITLURLENS, THD
BRRNEEZZOT N —TOREFICESEBDIEZTLEN, TOMOZHEIFO ) —
TOMANKEEFLTLUED WHEMEND B,

REHENZ [2REERXHOENMFICTRENEI N EWS@ERMTHONT
WBMN, EOSWIE I OERICH LU TORBRHTH 5. BRBMLICIE Ll Uk & S5 e fl i
HBH—HT, EEOEROESENZELICHA - THEEZVVET SO TR, [HE
BMEX%DOE y %z BWBHLT 5] &S, BONBEMBILTIE. HERER R HIE
IS HBRERO LANSIEIZAETEZLTHTMET 2 Z LIdEskibnES 5, £z 1%
HZEICHRD T, TNIECTHREZRD D] EWI HEOBEICE. ANZHOMRE
BRCREED D ZEIR&o T, XMBIUBRPBRERDEREND 2, HT TBEE
FITHRD T, TRIIECTEHERD D] WD FEOBEIIE. BN H2ED. R
CERESZHENEIT SNBSS, HIEFEOHAEIOVTE., REOERTHZ
EZDETEERBOEEbNS,

DEMRBRIBD KL D MRE (war of attrition) : JLICRIZEFIEN 5 DX HBFEFIE. 289
BHERKXMEORR L2 B AIRIEDNH D0, BEORETHELR> TS DL, 2006 FE
RIZHBNWT GDP @ 1.5 FICH2A D0 EFRINTN B RRIMEHTRS OMERERTREEIND
RENTNWDE—T, TOHBDOD DITHMBHIERENSPBNERLBNWE DS ICREZ
FTonsZETH D, DRBEIGEFIZBNTI IR 1990 FROAREMN S OEIEDRE
MUDODOHLBRICH DD, DX D BEFHICR2RRI H ORI PERIC L > TAK
EFEEREOHIBEERT 5 I I3 TAREBNBLERILIFEIETHEN, LML
MO RZOEENHEEL B> TEHERICBWTERTNE, THEEDRE L ORHIKED
BAMBHEZITTB ENokzl &M, BERNMERES T 247 —TOERD
MEIZE > TRED INTNE XL SITEDND, Alesina and Drazen (1991 1%, BBk
EZEBICEMT DI ENETOTIN—TORAEED D &S /L — MEAIRIRIL
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ELRNS, FAIEERICTEIIN—TICLD, HEHED X NOSHEICET 53WITH
WTEENERINRNDIT, HEOEMAERD SNDFEEND D ENIRRAZE
FIAE L. ZOEIBEBETNNESH/EOND FHOBENZLEIZBEL TIE, W<D
DOEFNFNEENZRREZIMEL T 5, 2L Roubini and Sachs (1989) 13BUF
OBERRENBEMOKRERERIZE > TITONTNDN, ENEDBEROENSBREN
BB L o> TIHHODNTWBNE N [BHEDHRS | 23 HIREEERL. Z0k
ENL< OEIZBNTANEERES GDP HEREFER Y1 T ADOHEBEBEREZR> T
BT &, BB TBUENIRWE EAREHREXN GDP RIIESZIERNH L] &5
ZEERHE U, Ff#725RIL Kontopoulos and Perotti (1999) IZ&k > THHEINTH
V. 51 1960 FEn 5 1995 FEITMTTD OECD20 HEDT—F A s, EILBHE
BT 2SMBAEENL NFERANEBTZRE GDP LLENELRD I L&, /B HD
BIFEHOREEDSBOBTFEIIAEML TWHEFEQNEBESN GDP LENEL< 25
ZEERHELTWA, /- Grilli Masciandaro, and Tabellini (1991) ZBHESRIZBW
TREMEBECIRRT2EMRENZ EL/NEBERY GDP LENE 25 I Lz2kE
LT3, IN5ORINMOHEICBNT, BIANER & AMEHRE OREEGROME
FUITITEENRBLEZDN, TN TH INZEOWEIT 1990 FROBEOERICHS L TEE
BRRBEEZSBDERDND, HEOREICBITLIMBHEDOEE LT —<IL, BHF
SCEREZHLET HHERERERED. D FEELICHEIBOZNNTIIHE T 55, #
F EEOMBEGRE RETEM—RORE, AWEEORELZE, WIn b BEEEHE
BB SO THORNS, BHEIT REICHED IX NEMERKRIIL—T ORI TR
WHHET DD EWDRICDWTORPNERDOHRE 73> TREDERN A S NEh o
7zo —F 1990 ERITIISROFAL, ELBHESMBEEONBEROZEL. 5EREFTD
BRI ERL RBIBNESNEL TS, 28 1990 ERONMIESEES OB X1
BRICEE N2 BREL, FLBUANRHE EORRER (RERSHER) OFRIC
HTOREBZHLOMLEND BN, INSOBIEMRBRERNANEB RS ICGEALEES
REAET 5 Z &, SRBROTHBHEZED TWS LTHIIEICEERDBOLBEDONS., £
BX 2001 FLEDOERDBALS, BERLEED HEMBEIBEE) KRNI ND LD
Wixo 7z ERMEZRIUS UT, THBHREOHENLRBENRASNDSL IR >TER
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O, EOERE - ETRAMOBRELEL LEDE THEEICEKENBOND 5,

ADBEOE(L L HLEMBIURR : 5 0 ORENTH W TIEXEL 2 AR BB TEE ORI
BIEROBETH Y, Z0DICOANZHOMEINBETH S Z LML LTHE
CREINTVWAENS, TOEHEEEHERLOICLTWIEROEEIT, P TFEHLOA
EIZHESI AHNES - BEZHRLE UEHRRERREOEMNZE S S, BFIZANESHIET
5 ECEOMBEIEOEI, FRUEOADHEEOEICL > TREEED EHEES
KO/ ERESTMREOEENRHRERZVEL THD, BROERICHT DAL EMHE
B2 ZEAMUWRECHEET S Z EI1k>TH), ARNESHIEOERE
EWNLT DI EDNRBBTH D EBDOND, BB OERBNWTANESTHEON GDP
bR & A D O BRI IR BB R0 5N T EMHE XN T SA (Lindert
(1996), Perotti (1996), Tabellini (1990) ). L LRSS ELEBEZEO LR IIHR%E
HBEICE > TREVWAELARZRT, BENRERICE N TANESHIE N EHRITIEA
LT BEnd ZEbEAHEN, BILSHS < OEOAMESHIEICIGEL TRON DR
#d, TNNERESF X TEESIN TS Z 05 HREOREENIEZITOTWA I ED
B 5T, FAEAMTORSESEEEEZE> TWEETHS. JhIRAXITREDEE
FELBEICBNT, FREIIFTEICHATEDOICHL T, FLTRERERESTS 2 S
HE B EFEKEICEL TEERICR2ERND D0 TH S, (REOHSFREHE
X BFEBEBHEHRICONTIE, BEFHEICED HIEEIRAE) 2BRIhZN.)
Persson and Tabellini (1999, Chapter 6) 13 Z D& 52 NHEELHIEOHF OREESER)
RICHEELAERETNVEZANT, #RBIUFEKEDERSL < OEAOREICL
S THESRBRR (BIOESLTHE MROONDEE, EOXIRAMEALTNS
DOPENH LTz, 5 OHIICENE. O—REICHTBOBVHBE IS BERERET
2 X OB NEREEREES A, CEREIGE D S5 @BENE 25 1CoNT, Eeh
5 DOE & AR THEEREEMENBR I ND72012, BOEBRBEZFDES 0
TLBZ&, @WRERBMOFEESEIEDDIC, EHEORBEEEEVEREEE
&, G)BB L ZESHRE L& WERERZGD 2 2 SO, BRABLUHE
KEEDEL D EEADESRBEIRICET HRBEFTHITEMAL. ZhB50HDEDEEN
&> THERBRENRES TS B I EIR5, WEIZBWTIIERED PREET
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T ERUL, 2B IT 5 PAREEOFOREREINRIIND 205N, &
DETIVIZBIT 2 TR ESE ) BERSOEEMRFEHE L. ETEALOREROSEE
DESICI>TEREIND, INEEFEOEFERS BEIIIHERREIEREL D BENRR
BREZHO—H T, BERFOHEHESRPLICRRL ZEHEFITHERBRHEELDBEN
REREIR 272010, HERBRRIIBEEOREZ 2 HT2L0D HAKREE) ©
GHEBZTNETH 5, |

ANOREEDEIE, ZOETINOHERBRERICH L T2DDORBRIHRERIFTT, K
WAORERNMET LT, FEERICH T 2EREROLENLFET S L. HREFLHEI
SO 5E0DRBEIRZFOEDILEN LR TS0IC, HERAREELE 2%, —F
ANORERZFRRICEREIROANNES OISR THH 22D, AORERDETICEK
> THBEIIEMIC K VEDDRBBIRZFO X DT, ZODHERBRBEBES
725,
ZOETIZBNWTAORERORII LR LZE DR 2 D0RLE DB EEHETZ
DI, HERRBIENERTLENESDIHEELRZWA, ZOETFNEZREOREIZHT
SO THDLE, REDDTEEILOAE — REIBKER SR TEETHH I L, £
1980 EARLARIIRIFENMEDITHRE L TWE2DIT, BEBEBOAEREES L TOESL DM
MEZEBEENE LI EREELEZD L. REOFESRBERZED LREROERITIT
ZOETINTRBRINZEDRABBN T DTN EDEZBND,

Persson and Tabellini DEFIVIEEL, NHWESHIENRFOEBHEERIEDLZDIT,
(RS ENIERT 5 IZ EHERBRBIENER TS LW FREZEZHL TWS,
BEE TREICBITSFERENMERL TWBD TRV EWIEmMNERICRIN
TWBMR, ZOXIBERENHEEOH DR S, INGEELHECE OMEEL
BENRD=DIT, RERIZEREZ LERIEAEREZRZ LMD LN,

Perssonbe and Tabellini OETIINDH S —DDEELEFEIL. HERBREEOREN
RSB T 2D TH D, RIT [REREEEIZER) 2, RETSHARORAH B L ONFki
ROPADEF TEINOHSVABERERARLT DD ELEERT DL, RETTINOY

¥ ZOBED THEAFREDILR) i3, THEEE) OFifgs NEERREE) O
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ERBRRIIRERBRERICHENTERES Z LIVREIND., JIUTEWRBRBIERZ S
25 LIV WEEBRIEAORE QBB ICB MR NWzD TH B, Z DRI L T, Auerback,
Kotlikoff, and Leibfritz (1999) 7% MER&EH) OFFEIck > TRLAEL DI, BREZED
2% < OENCHBNT, RIEONWESHEIDERERICZ A aHEEETIREND D,
ZDDITHERZBA TREPDFF AR FESHEZFRETT 2720113, BUFICL 3
#HEFHEE (social planner) &L COEANLERS S,

\ .

A& & OFRBERE CTit> T3,
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gwath SUIN) e -V MEE

BEOCKREIIBNWT, BAMET 2 ANEEEREOHRIIBREORETH D, INEET
TBDIIEAMRMEEALREOHS - REBEEZRETSILICEL-T, AK -4
REBEOELICHIEL TN ZENUETH S LEBEDNDS, LALEBNSBEREDLE
HERAHEINTRBICHEDST, TOETHEELZEHIROLDIBERICHKRT DD
DEEZEZLND, ETINETRTERLLDIC TEEKRE) &, =) & TREE)
LS, BERED2DOOFEREEZEORONT D AZHRABTLIILETHS LR
LM, INICIEBERO %3 & T&#H) 2 [FIZERE] ORTHES T & NIEE
S, ZORDICHIERBREOHF T, BUREAT 1258 - T &4 MEBA 5
HiE BEYWEITEIT 57255, FLBFEANRFELEHREZEATNDEG, TOER
LELT, M2 & TAHE] OBESICARATENEIRBEICH, 08D BEEE
IR LUTENTS725%55, fIZIELTORACEENERICEA S LD RBERIIHESN
TH, EABTEEBOREENERS XS RBEIEIZTIANSNZNLD LIV,

FoBEREORESN, Zokdn FIESERE) OFTO ZE) & T8HE OF
BOICHRTIEND Z &G, I FIEERE) NREBERICEL TR > B
B GIHER) 2o TWBIEEBRLTVWAEN, ZOL5BE IFIERERE 2
BBEECROMRICE L THOBRMICHEMHENEET 2251, SEANINZE S DF
WHWES &5, FIBEIINNY— FRENRET SARENH V. ZO& D ERE
MNFMEICHFKT BT 2T TREEZZERE LW S I, BEREOERIT—EREIC
7250, FlFleEZATNNERINZELTH, ERED B —BRIBNRERE D
53nHLINEN,

ZOESRICEEL T, [WEMICE T 2RFBORERHE S B EIEEHITHN
BLTWAEELL T, BROBRICHT 2 EEEHINRHEBRBEICELDDONDH 5.
Bl Z SN HBEICN T EBEERFHLHE TN EE, FEEOBLEZEZHRNICENFHET
5T ENMFEIND X OGS, NHRBROERFHRIEAZB/NCEED D, #iC
FEZBRICTHTSIEICE>T RAFXRORBREZLEY LITHRLED ET51 >~
YT a TEEDNE LN, ZOK S RERIIFIEICHET 2RFBERT Y1 > O
BRI, HECBWTHEUTWAAEENH D, UTRBNTIEW S DREEFZHT
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BNS ZOBBEICDNTELTNERWN,

4—1. AHAEERABAHEEE

REOREICB T D RWRE - Y —EXDRBIIZ < OBE. BROEMZZT/-BUF
MRS T, FHIREtERITHRELTPEERERLANS, ANt - AR E D
BRIENITH LT, BBV - S—EXOEGETEOF MBI L 2KIET 2 & WS Hik
DHEENTHD., RTINS ORKEANT (F) REO TBHESHE) CHEIOREZT-
Tno, LOALAENSREICBITL2NNZHICETIMEROVEDELT, NRITHE
SNDE - U-EXADEEBMAEE TR NN ENS ZENEREINTVWS, FlZITE
FEONHBEICHNSND, $hP AL MR EOEMOEMA, RETHET 2L
DEELURLTEHETHS I LEEASNTNDS, FEBETREEFOTENEDY
DRELZFDLRNDHD, FROEH BEFRMENEEDNDBOIERINTWZZ &8,
ERICKSZFEDOHREZ>THY, INDBYUFETICLDV—EXR-KBEROBRMEL
ET2EREBRZEAS, FUELNMAPERL 2 EEMHROHSIMAED, ERICEL
FERLERTETEDZOTIERNALEND TEMMEHINTN D, —F 2005 £ 2 AiC
EHEB L P HEREEORE TIE. REICKIMRAEHFENE SN, EEBTIC
BOTOHBERFEHHHESMORE - £E/UNUERERTH I EI0E > T, EROZEHER
RELBUTRIBRIZX FEIRICRIIL 72 EEDNTNVS, ZOflH E/-NMEME Z1C
KB, RAVZEF - P—EXQEEBERN, RICFEEREY - —EXRRBEFTRIGEE N
HEEERLTHE ER2EMNRHZ I EERLTNS, ZOXD REEICHLT 57
DIT, pHEf - Y—EXOREERICENT, BFOEEEALZEDES LS (i
L7 A b OBEAVREBINTNSEHR, ZOEMIT, FEZ2RBICTEIRBLRTI—Tho
DEFD7=DIT, B LU TEATHRNONFERTH 5,

ZDOXD IR - —EADRWEMIC Z B2 EFEITDONT, TNSOEEREANEZ
WKRLERNHS ETNEZORREL T, AIZIEEESONTNE LD ICA#EEICH
WTRZEEZERTEZDIC. HATEELIVDBERBOZEMZHANS o 2EEN
HBDMH LN, FRNHER - P—E2EWSHDIF, THEBIEESERHBRART
BEME & W D SMREIR D=0 1C, REHF CTHRMNICHET S ZENHL N HDTH DD 5,
[RIEES « B —E X2 NHEFDEAET 2 & REEF AR TEBE IR S ) EWS i
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ORI HEB RIS RENB DS,

U L7adn & el iB1T /- i EpsZe st oo, Hi#8{L> 2 . PFI (Private Financial
Initiative) 72 EZANB I EICE> T, REORE « B/ UNUEERY S 0%EE - ¥
—E QB AENEANCRE N T &, BICE 3 BTIEMLAZX DI, RS
F R - — A DHED [AMEFIC ko TR S NBRES « Y —E 2 IEW
BONET LTSI EEEAADED S, HFOMMHIO T CONLEE - H—E 2
B HEREETHY . KVEVBATIDEVEDH - H—E &M TE 3 AR
55 DHLNBNEND ZEERFLTHS I LRBEERS S,

INBIERPTIC & B ASKEE - - EZADEERAMN, TOEP I UMK & L TEH®ER S
DERD, HbIVEDOERE LT, N#EE - —EXOHIGEEE « L9 2 HBEK
BORICHNOF—BHIEEL. BEICINSBREDORET 3 BRI IBIHENEET 2
ZECHRTBLONEZLND, EWEARE - H—E AOBAREE - BTICED2ET
DEADEHN [RAOBATRADHREES] LI HTHLTHBELIE, Sk
L& S MBI EUERNES S, TR LT [AEE - B— Y AOBEICH U TEE
BENETED) WS TER, TOEEELT (LR BECTNBIEEFBLT
BO, FCOBEBRERNICRERELTWNEEICES (L o —F 2 V58 OFELR
BLTWS, ¥ (BIC2TONEBREOEET B ERICISIIIENEE LR NEE I,
ek oTL Y MERS N, SEENICITOICRBE55.,)

TOL S RAMER B OEHOIEAFEIC Lo T, AR - H—E XDk & BN
THET 5 EAEREREE LTI, KOXSBbONELZSNS, EEERZLISHO
RECHT BARE - H—EXOMRIIS< OB AEROBMESI BN, BEEHR
ETBEFSOWEEEL T, A% AFSORKEAD. TOBERHABILTBH L
Lo TITDND, ZOBENEH - F—EAREETHIBMIE. CNEEET SN
HAWIETID Lo TERECELZBAEHET 520 b LLEEN 5 ZHEA
OHIMELI NS ENEERASEH L THD, L bEERRANSHEORNBERTH D,

19 S L L D N —F D VIEFIOBRICDOWNWTIE Krueger (1974). Murphy, Shleifer,
and Vishny (1993)., Rose-Ackerman (1975). Shleifer and Vishny (1993) 7z & 2SRt
X
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BIRN I NZEZEAREREWE ST, ZHEFRESOFEEREST B LD ITRHER
ERETDHRENDD, FAIEECELZBAZEFICBRHEETSZEICL> T,
B KDL OHMMEBELES & 5B LR, TOXIRERIIIVORFRC
BT, TV EL—Vx 2 FOBOBERIERIFERE S L THRbNTWEM, L
TIRBOWTIEAKE - Y—EXDOREETH 2B ETY /0, ZEEETI—V
MEUT, R - U—EADQEEBANRERNICES L., TOEREAL -2 bD
VR TH DD ER L X D72, ZEENBFNICE L CTEEERZBRHETSZ
EWRE - THEUBMERDHT D, 2

FREDAITIEIRD LD eiEEZFD, fELERET VAW T TS, EFIOHE
KGR, ZRORENHEES SR ORENNIEEERED S #R I NS D ENRE
THD, BHBEIPAEZERLT 2 LD ICBRERSEE QK ERWBHCHEIT508, B
SHISNTWD KD ITHEIREFEICB W TITARM O DIEFR A SRR TIREE S 1D
NEIRICE > T RBBAKEEHERTRARM OEGENBDERD, ZOEDRETOFIE
ERETDHTY IOV ELTITEFTABUME. T—Yx > N THBNHLHMEEMEEN
FEMEFG N ZRHE L LD E8A 5. ZRITBWTIEBUFN 5 £ OB W HEN
THAINBN, ZOEEEBL LD ICRKMAEEBRNERNCEH L THD., £
DEOEFRMNEEORBERTH 2 & &, WML WHENBETICTH 1 > I niziThn
& REEBIOE L TR EEERAZRRNICHEET S 2 LIk > T, BHERECLS
VORZEELED ETEHMH LI, &

BUFIZZA TICBIT 2 BEANDOREZINVIHERIEZ, FKEHIRT 5 —EEMIC K

0 FYINNEL—T 22 FOBDOERIENFIERBICDONWTIEIEZ S OWEE - HElE
WD 5, RFEFENZHDEL TIZ Bolton and Dewatripont (2005), Laffont and Tirole (1993).
Laffont (2000), Laffont and Martimort (2002), Mas-Colell, Whinston and Green (1995)
DE 14 E L 23 F, Menard (2000). Viscusi, Vernon, and Harrington, Jr. (2000) 72 &
=ZRE L,

HULDPLEBNS—AT, BECEAINHEMEEERABREST o570 TEIFVALRE
WM NHIENT YA > INZELTH, BEICZOEI BENEEHEMICRESI RS
DI BUFISRZEICH U TARLK EDTOREBEHATH S, DHEREBEICBOWTEEN
BB TE BDFIEKIEL L OWmB Z fREE L2 1T IR 57an, BIZZ O L EREN) X EH
B2 FEEZ S, BUFEEEANDTHNWIEBWTAERHOBRRNEES 2 HET 5720
DURYTVIT LE ERETHIBRERD B35S, THEDHICDNTORMZSTIL
Z#f (2005b) ZZHR NIz,
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STHETBHOERET DD LBEOERM 5 BHFHEEE AR EHBNERRZ L
N, RS OREES X OEAKECKIETHRIIE L ABRICEEBEIND T ENTH
ANB, FITHRXIGZOHICBW TORBNEERE TERS NS REERES. (57
ERREICBIT D BANTESEERES. BEURENREIC K DA EEE B A
E b T4 TEBIEEE LTER LN, AHEEHEEKN T TRIIT 2 KBRS &
WS 3D DEEERS BT BRI BLUREOEEKENTERS D, »
EF). BEOBESNTROERERS : 2 COMMICAN B EFIEFIEISHOH
&1 - MENRRE BA) &, SHROBEN - HERLENSERENS, BTFICBW
TR DI, FHORELEOKIIAL N Th3ET 5, £LIOMETILE
DA e T4 TREEERT B0, SREIRFEMILEZFETHD. ST
PEFHBC LS THBEIN, FAFBO—HE/RLEBNEND, 2 7 I ARFEEEE
T5,

EBIiEA (i=1,2,...,N) &
41D  px,+y,=w

EWSFEHPYROT T, B V(x,y) 28T LSy, y kD5, @D
RICHBWT p BALEERK. x, 38 | BACKIRNHHAOZH, vy, FRHHADX
H w TR TH 5, BBRMEHMIRIE 1 CEELLTH D, SHEER V(y,y) EX
D &S ERET B,

2

(4.2) V(%iayi)=[aXi_b%;]+yi9 a>0,b>0

ZIZTEIEAORIKMIHER 1, %

4.3)  x,=x+s[x+x,+otx, +Fx,
LIRET S, IBE I BAORKLIEEE y, 138 5ORKHAOTH x, TR,
oOBACEDTH { x;5j=1,2, .., N, j=1i} DESETHELERDHOLRKET 2,
CNREBAOETHS ZMBINEET S Z LE2HFRERZNEN D, RIEFORBICLD

HBOTHD, ZIT se [0, 1 1d, FiKD, MOKFHI LD HENATES

+...+x,], selo, 1]

22 371213 Holmstrom (1979) & Holmstrom and Milgrom (1987) 1) > 3/%)L - T
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BEEZERL VD, s=1 OBAIT THil RIMEZERL. —F s = 0 OBREIEHMRE
MR ZEKRT 2, LEOBEDOT T, BFHNHHEFICBNTIESE i BAN x, 23D
HEKIT, D N-1 ANDORFEEH { x,57=1,2, ..., N, j=i} ZfiG&L. £2E5D
XHOMBE DRHEEBICEZ 58 (AEIA—N—3R) 2BEEBLBNEDIT. B
FYHREERLRS CTRREERES &L T, [IEMNBNERD I LIRS NG,
ERAFEL D, BTy S aENEIT B BA. 5 = x, == xy = x° EB
<&, BEAORIINTHT B
449 x"=(a-p)/Mb,

LD, FRAHBMICHTIHREE X = Nx &
45) X‘=(N/Mb)(a-p)
EIRBIEMDIND, TTT M=1+s(N=-1) EBEWTHD., FEN®EE (=1 OFEA
& M=N. $iRFA0Er (s=0) DB/ M=1 &/25, E-REOBEAONKIHHEE ¢
& ARBHREE XY OBICE. y%= Mx! BXY X9 = Nx* &0, y* =(MIN)X*
EWSBRAKDILD,

INFHOEEIILZE (N) OFFNEEICLI>ThINE, DEMEEET 2RENE
XOMHE m %
(46 w=px—(c+8)x, ¢>0
LB, ZITHERMA c+0 TBWT 0 IFH 0. 28 o’ T, 10, , 6,] 0fEE
DEEEDHDEFET %,
(47 E6=0, VarO =0, 6cl,,0,]l=0
¥z 0 BELEBMTHIITHO., W a v 7V 3FEELRZVWHOET B, HIBE j &

% (j=12.. N) OEE®RES a3y 0% 0, ELkEE Y 6,/N =0 ins.

EEREFVAEEHTH D, BNERERAEZE—-ER (CARA) ORRABER OIS
AZERRMET DI ICAHMERKREZRDDODERET 5. EEMICITEEDORABERE
RDOEDIRET %,

=V hETINEEMILLZSDE AN,
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4.8) w(m)=-—exp[-un], u >0
Z D EEEBENTR DOBIRAER U LD,
(4.9 Eu(mr)zu[Em-R]

ZZT

Varmw u"(Em) _ uo’
2 u'(Em) 2

)8

(4.10) =—

BRUAZTLITLTHD, N VHBEMRAORNCMBIIHRELEEM Er - R OF
FACEEEFE &/ D, EEAEEN SRENCEONKMIGHE X &
@4.11) x*=(p-c)/uc?,
E-NEHORMBHKE X' = Nx°' &
(4.12) X*=N(p-c¢)/uc?
LB, WHREQGIDRL D, HBEWTIBEEICBIT AR EER X, OB
p, & KOXSIEHEENS,
(413 X,=N(a—c)/(Mb+uc?)
4149 p, =(Mbc+uc’a)/(Mb+pc?)
7@ 13)RE D —FKET 2 D ORILFHIX
415 x,=X,/N=(a—c)(Mb+pc?)
ThHb,
%%E@Fﬁb%i@@ﬂ:isL‘J‘%{%%%E‘J%?%‘mﬁiéﬁ!ﬂﬁ;%% A &
4.16) y,=Mx,=M(a-c)/(Mb+uc?)
LR0. TOEEOMA V, Wy, =w— p, X, =w— P, Xn! M EBLE,

@1 V,,,=[ax,,,—-”(—’;”i]+y,,,

L, —HAENSZOMEREI. ©, = p,x, -c+0x, EBIL LI, (4.13)
x. BLU.149)LL 0.

2 2 2
(1.18) Eu(n,,,>=u[<p,,,—c)x,,,—“;_’ <x,,1>2] - u[———-‘“’ = ]

EBBTENSNB, T THIRRE Ex, 13
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(4.19)  Em,=(p, —c)x,=1c>(x,)’ >0

ERBIERFERESNZN, BENEBRFINT, 2IABREFEOBERER THNII,

BT IS E BT A HEAEI YO & 50, @WIORIIEREBNEENEDY X

DITVITLEBETEIEERLTNG,

BEERES : NZRHENAELIWD, 27T AMSBRINDBFICBNT, FAEH

SELBELTOBURIE. { V(Y ,%),1=1,2,..,N; Eu(n,) ,j=1,2,.., N} 2%

BT rHEEEREE. ERFANEEOTTRALT 5, FARNETOMEN 1 IcEE L

NTHO, N 1ENFOEEEM c+0 ICDWTEFNT a v IRNEELBENI ENG,

BUFIZE > TOERFEHT. X= Nx. Y= Ny, BEU W= Nw &< &

(4200 cX+Y=W

LEEND, UFeBnTHBERRES { X', ') %

(4.21) max NV(y,y) subjectto ¥y =(M/N)X and (4.20)

EVWSHIEORELET B, TNRERBINFKEORELLTITHL TSI LEZHEL TS,
[GENAG =)

(422) X' =(N/Mb)(a-c/M)

(4.23) y' =w-cx = w-cX /N

THDIENREIND, BEEFES BT 2RENFHOPA V' X

*N2
(4.24) V*=ax*—é(’§—)+y*

Lie%, HASEIKT S0, REEFERS EHRFNTHSEERES T2 &,
@2) V'>V,. x>y, BXO® X > X,

WEOIAD I EZRT IENHKD, FRHAOFEMIT —A(2005b) 2SR NZWN,)
HENTEHEERES EREERESZ R L THD E, LTO#EAMERINS.
5 1 T STEEEEIC B A ARMBEETSAUNR X, = (NMD(a - p,) i
INSEEDKEW29% X = (NMDa — o/ M) BHATHSDE, BEMHEYETIIERE
APRHEFORFANEREZHETOIRICHEDOA N —N—REZRLIZN—FT,
NSEEE ORMBIR R R AR p & o TWBDICH LT, BEEEES CI3at
B L5 TH2BIRNRI DA N F—N—RENIILT 572010, ["EBFO— A%
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DOBRBERIL oM Eizo T3, % 2 IWHENTELEICBI A% ME p, LA
HEFORABRAELRTRSE, @W1ORKD

(4.26) p,-c=uc*(a-c)/(Mb+uc?)>0

Lo TNB T EMS, BIXbRA LS ICHESHTEICBNTREIEOHMFEFE Ex, =
(p, - c)x, ZEELTNBEIENHDS. @20RIIREDY X/ EEHEWEOT
HBEE, EhiL/ POEEBRORRER o AYOOLE, HEOTEEECBNT
INSREHERS p, VIV SEBF DR AE A ¢ KL< ABILERL TN, EEAIHR
E@10RED, u=0 =D 2 =0 BB, VAT VITLA R BEDERD,
BEOYENABRCFEIIALHT OBVBEK T H 2 HEFE Ex, = (p, -c)x, Ok
FALRIEE & RMEICIC/2 0. S TIIEEIC B TS QRIS p, 1ZAEEHE DR
RERA ¢ KEL<AD, HSEMEbYOLRS, B3 0RELT, HHNilESEERER
SeBTARENFHONE V, N BEEEELSICBIEHE VT X0bhE<kD
HEE, BRL7z& i, #BEICBWTIIEE YR TH 2 BURNAEE O RLR E NE
EszE, BXOENCEOEEBRS 2 v /. BROEHMEE Wiz BEHHRICH
WTIRIEHT 2O LT, BB TEIARBEONEHRENEET DI &, BEUHE
BIAEICRITAEREER L a v VO RERENV AT TVITLAZERL, ZOD
AR p, APRREA ¢ £ EESZ LICHKT D,

AR REORNE « oM TRz & DI, BENTREERE S B 2 NIt
B X i SEEERSICBIAARMEGE X CHNTBAERBZENS, §HE
Wl U COBFIREEERSOERE—RY (77 —A ML) BREEETHES
5, LhLA)s, BHRNIIBEEREES EVWIBONEZ SN ELTH, BEMC
RAOBAEHBRERBEEITBNT, BEPEEAATEIERES> T, BS5OF TR
BEERSEZEFTHIEIEOTHERETHS S, ZOXIREABMIIGELE T50%
B x" = X/N 2EEL., BRRINCHL TRPHCEDWEZRIMEXLD ) &0 n
PG AR TS 2 EICE > T KE (BH Y RRZA M) BEERDOERERS
BrENEALNS, LALENS I ZORFEECBT2 17U/ T—Y x> b
RISE) SLCRHISNTVWEESI, B (FUZI L) &% (2—Yx>h) O
R B O IEMFENTEET 5 HE . LHNEITENRA > T THNEHEEA#HL
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BnE, I—Vr > FOEIINT— REBEI LT, KEOEERS T ORI L7
L5 AR, TR (F—RRZ M) OBEES &R TLED AIEMELEET 2. UTF
CBWTIE [EEOARIEERFORRNEHRS 0 IAEORNBERT. BTN
RERHKAN] S0, BROFNFIENEET BRI, BFELEOM TSN
DARBBETRICONTERL, [PENEEBRREZBAEET 20D EIINF—
REEET 5720101, BUREIC ED L5731 2t 2T 4 THKEME 2 ST D LER
BHOMNI, £ [ZORKEEERLEZHOT TERT 2 EEMS &, B RNEK
OTTERTIEFERNMNTIIEDOIDIZENVNH DN IZDNVWTHITT 5, #

A T4 THMGREEERURWAR Y (NIC 34) : BUF & N EoeED
1T, KD &S BARBERBHIRE SN b0 LTS, IBEA%E x" = X' /N O
DB EREE L, BRFRECEOBET 5 EEBRAZHNS 6 1ISUT, g(6) &0
WEEERZICKID., TOEFEBLATNZELANOR. ZOZHMRELZHE
ThH, BERIHFMHEICBNT 1, ONEHEHBEL,

@27 7,(0)=p,x, —(c+0)x,

OFEEBET S ENTEBIETH S, COLDINTICBIF2EREOREE
4.28) 7(6,0)=g(0)—(c+6)x"

ETBHE, BEOZHAT Va—)L g(f) M

“29) 7(0,0)= 7, (0)

AR SRR IOIIBRBHNICHRNCSMT B35, ¥ 22 TRICRN &
Sl AEBRAOEHENS 0 RELEORNBEHRTH> T, BRIINERRTERNLD
DET S, HLEEY 0 OERELERL-BICEFICHTBHEE 6 2k022% 0 2
BHQ 6 ICELABNES ML, THENOWE g(0) kET 5. RICBHEN %
BEICED 0 HETS (6 = 0 )] EWSBEOTTRHSE g(8) 25FF12T3

2 EHEES Y AV EEEE DB WICK DR L RERFEDOITITONTIL Chuma,
Otsuka, and Hayami (1990), Milgrom and Roberts (1992). 37\ Brousseau and
Glachant (2002) IZEIN TS ESRE L,

X FNENHERNCEEBL, 7Y NEI—IV 2 NOY R BIFEICEND HHE.
THRICBITBE ARy K0S, EFBHUEMEZNEERILICE>TUAIZ 2T Y
STDA) Y FEEBRLELD &5 RO BHITDOWTIE Baily (1974), Azariadis
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L. U29RBEE TR OBAIE. @2DR, @U29F. BXU O = 0 KV
@30 g(6)=p, x, +(c+0)(x —x,)
L730, ZOEESEHTIBY B ELEOMEIL
“31) 7(6,0)=g(8)-(c+6)x’
= [p, x, +(c+0)(x —x,)]-(c+6)x"

P X _(C+9)xm +(5_9)(x* -—xm)

x, (0)+(6 -0)(x" —x,), VOe[6,,6,]
Lh%, bLLBHORERD ICELENED 0 2HETIUL. @3DRED 7(0,0) =
w (0) L7130, HEEIZHTIBNTORL EHHAIEBT 5 b0 L A%FOFIH
EHETED, LALANSW@B)RXTRELSIC X' > x, THBHZ L5, U3DRII
SAENEEBROBARE 0 = 0, 275 2EICk> T, BBAMOERERDT >
LA TEEOC EERLTNS, CENEERAEBARE 0 = 0, THE. BUF
NEBEEADOZIITE30RLD

@32 g(6,) = p,x,+c+ 0)x - x,)
LB, —HBIFREAOTHNILERES EREHDN OHET 50T, RENFEO
B Ve 13 yue=w — 8(6,) £BLL&,

b(x )’

4.33) Vyc=ay - 5

+ Ynic

L%, (22 TFESE "NIC" iX. No Incentive Constraint OB TH %.) Ve D&IE
EEMAICBIBHE V' K0 DAV, y =w-cx’ THZIINEHEREN,
i E @B U R S AEAOBE g(0,) M 0, OEMEHTHLILNE. LERA
EHO LR 0, BREVES. Ve EHPOTHEERREN BT 2HHKE V, &
& FESAREEND 2, b [E0ENEEIZ NOEHRIZBRHFET D] EWIE
SN — REEEZEETICTTA > SN ARPFHEEZHOT TR, RE&RES
k<, REOZERS ] 2ERLELS &L SO0BFERELRZERC, A>T K
A DEMN - T= BT IBIE TR Y] (B BEAKEZSTES>TLED LS,

(1975) 2 EE2SRE X,
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P = KEEIEE S LVEBR TERNE NS RIS B NS 3.,

A T4 THRGREEER U ZARMEY ICEK) 1 Eo NIC ZHOLHTREX
SN2, [ELERZAEEBRAEBKEETE1>00 74 72D EWDEIINTF—R
PIREZZER T T SN N R0, ERES FOKRERBEHEBELT
AR D D, O &0 SBIFNREE ARSI ERRET 2B, BT >
BT THREGEE ST ILRENRS DS S, T TRNERSIEAUL. So%IC
¥ EWI N ERAEET SIS ITEKET SN, THICHTBREEADTHNHIEIT,
RO &S G EENETEHDLET S,

(4.34) 9=argm§1x7t(9,9~), Vee[9,,6,]

4.35)  Euw(m(0,60))=Eu(x, ()

4301F. BHYTICBNTEEDLD 7 6 NEHLTH, SREICESTED 6 &2H
ETBHIE (0 =0) PRETHBIEERL, UBHXIBHWTICBIT 5 ELZOHE
D, FREILNZNIBEIER TR, SiENTRYEERES FICR T 258
AZTESBRWIEEZRL TS, BHOFEMIT —4 (2005b) IZESDY. @3ORB L
O (4.35)REHEFTHIZT D BZHNWAT P a—Ilid

2
(4.36) g=cx + “; [(x)* +(x,)°]

E72%., 36)RIIBEDY AV ERHE u BEO/ £ZREEIZNOSE o MK
ENEE, BURD S BEEANDTHNNRES RS EZRLTND,
BREXKEOUBEY 7 BEHR : L LOSIHREANT, ORBERES. WHFH
MRHEERES . BPIOGDERICKIDNKMEEERBREE T T4 TE2HK
GHEUTERLRN, REFEGEEE (NIC 2 TTRILTAERESENWD 3 DD
BEXB TR OYAKEZLGEL THZE, BREAEEOHOIZMICBNWTEL ST
J2Nhs =222 MK > T, NICZK T TREABRNEL D Z ENDN 5.
—HREFDOE N AT WFEP, BRFIGENAREDOBE (s VNS WEE) 1T,
IS AR R ATAEME & W O SR I iR T B TRNICBIT 2 AT 0 B RIS
BB EWIREH/NEL<2BOT, REKELSICB T BAMEMIHGE X &,
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ST EEERSICBTS X, OERLNI<ARD, IORDBIFIEE LY
ERETLIEICES T, BRI x = X /IN 2HESEDIEOAY v MIE SIT/A
EIBBEEIOLNDIETHD, BICAKPBEEBRRAOEHRS TH2 0 DR
BIRICBWT, 0 ORDAES LRE 6, BDAEWEEIIEA 2 T4 THINEHFZER
LW T TOBKD S REAOTIEDD B, REICKDEERRDBKHEITHT
THEHMAREL DL, EEREOEYITBNTEL D LBDNSENERCESSY
UL UEREEEICANDS &, BAFRENICE > ThECARMEH#REIED DD, K
BB S HENRBET T, BRNICART 2H#EI 20D REOESNSBEE
LWEWS ZENEZBND,

BN SSRIMTTO, REICBITZNH#E - H—EZORNEN, FEiE DR SHIFH
REINZHD. FIBEOBENE. HEREBEN- 2, FAENGENEED D DICARL T
LN TEE, BEXOTETFINOUIRIBIBACNF—N—DOREERT/INTASY
— s MNE LB TER EAMRTIIE, U2)RBEY M=1+s(N-1) &V 9X s >0
Lasdic. T OOTEHKA20RICBNT, A% X ORKE Y IKHT 5
REFRXCHHREND DI ENSND. ERBFEOERETHS X BFAOD N & A
HDOACNA—N—FE BT AY— s EFHITKRELRD T EAVREN, BEROTREIC
BN TARER A RPN LR THEAICIEA L TEZ0R. N5 2 D0ERICE -
THAHEEHHERLND LR, FRSBREOAONED L, —FTREH - U —
¥ ZORAEN—BEAIIGEN S DI - TIT EWS EmAFE< 253, HHOBEFEN
B & A ARBHEGE X, &, BREAARIME X ORI L TT< EEDN,
COEAERENREMEEZHNZHET S &L TR EZH#ES LI LEDAY Y
ML NE 725 TIT B LIRW,

4—-2., RIEMBEARTRAME

HEICBUT D NME - Y—EADEICEDABEE L Tid, BICREL D B AKEAE
EEAEZAKRICEBEDZ LI HONH D, THIIMA TEHEEEICB W TR
THEEEBRICEBELAEAND D, ZOZDEBRIIIFEBRBRFOEERMETHS
FAEESINANETRET S L7, REEOBWSEEETETINSGILTHD, TLT
%< DEAEZOEIBRREZLORFEOIEDIL, HEMICERICHTORBMIIE ST
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FhhB Ll b,

DX ARHEEOFEIEA LS > TUESEEE LTI, AKERO S EER
CBNTHTELERN ok, B - RABBOBLICHRT 2 bONBHE5 5, £
DHERIZ, B S EEER (12 T75AN55F2Y) OBEEOLS . R
R TERT 5 T LA IIREA L0, ERETIKENER 2ETbONGENT
BY. FIZIE 1960 EROBHERES - ANRESEMIBICE TS ALEENS, T
EHITB 5B, 1970 ERUBORER - HATHOBLICH L TEANTE B> TLE
3L TAEALND, £ 1990 ERGBCTRAEE L TE LS N AKEZICD
WTH, BASHGALES XN 500 s LI, ZOBAICBNTIERROER
&, A E DRREET 5 DM & o 72 T & IS B BRAR 573 £ £ 57 = hiz
CENS, BREICRIAEE L TAERNRERMT ST EbR< . WA OB
EELEED T LB TRAVNE NS ZEBEL BNS,

L LBEAS, Z0E5REARTTHEERRNOE, £< 0B ARHEEOTH
BE, LAFIFA v I IBRE R TND D ETH D, ERARHBEDFRIEEN,
B 12 BRIRER - A ABBORMEICEET 0 THIUIL. BALTHEFEECE
SRFEGECEERTHING, FHEENATYT (v I IBkER>TNE T E
i, IR RSB B 50 & Bbib,

TOESBBEEOEEE LTI, £OARIAERRBAHEMETRE O AL E
57, REeBHTFICBISET) L /O0 - T > MR, FIG (/A SEE e 2 3 -
T MR BRI, BHOF—SNEET 22 &, BEC@RBOMEEIEE
T BRI ASFET 5 0 2 SANEX BN, ETHEOOMONTIE, A%
B EE - G TICBID 22 COEAD BN, [RAOERTRAONREES] &0
3 EIEDNT—BL TWILL, AXBOEETFHEHE SBAICERELBE NS 1€
T4 TRECRVWES S, BMWORIE [AEMOFTEFRN I ATIT 4 v 7 ITBRITR
3] 0D TR BIREATTHE L ENREOAKBBES B BEEL > TND E
NS ZETHHD, —ARECHBNT [AXHOMGEIBATSS) LHEL DD, A
MERETHHTHHH. 0T &ITAKIIHEEE - TICED AR [
FELOS B 1COWTIAEAEET 5 2 LE2RB LTS, EBLik > IcHE
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BT REFOHIGIIL < DFE, BROBMEESZIZBUNN, BIIIE U THISE
ZRUTHRELTTFREZEELULNS, ot - AF7R E ORRE NI G EHE O
FHBLOHTZEETSE VWIS HAENELENTNS, (FlZINSO/RKENT. BE
O [BESH) KHTOREETD,) ZOEELETRNZES7R, ONEBOREETH
% THR=BF) & ZHEFEOMICENOAR—HNHD, POWHEELD BZEEDH
N, EORHEMFEKELIOWTHELWEREZAET 256, dLLZEHEICL D NHET
BEOBRGETENCEDWEETEN, SEFEOFEEZEME 5 mI6EEND 272513, i
FHEZBWT FERNI) AHMBFEOTHEREN AT YT v IBKERD T &
ZBRTDHEAD., UTRBNTEBINZ T 220V, Rk EER¥EE2T -V > b
EUT, IREFCEDNEMEE] PEEORMBRTH 27201, ERLZXS57k, &
ENBUFICHLU T IRGFHICK D NHMFE] 2BKICHETS720ICE L BEE2OHT
%5, MEOHMIBESEBETINERHNWTITONS, ETFIINOEREEIZLE DK N
SRS NDMERFE THDN, AEMAEELERIFENCLI I NKMBEEDOEREZMRE
CTBENIREEZBLS IENS, MZAETIIRS, HAEEOMENE2HDOILE2H
YD, ZDIDBUNICE BN ADIRNHHERFICBITBHIEHE T, 2 BEOIFEHE
HREET S5 EIm5, —DIFERGEB L OHRRATREE S WS NHEFOHE D=0
12, TBHEE BT REBO/GEINBMTD I E, I —DIFNHEIM S I K
S THFE S NS0T, #iEEIIEICHHI SN, —H S IIEAERNSRBET DI ET
Hb. BRI ZDE IR REEKRET DD, RetOBMERBRLEZTY >3 %00
ELT, =2 b THLRHMEERIES, NEMHEENEHEL LD A5,
N B W TIEBIEN 5 BREANOMBZINWFENTY A o INBN, ZOLEEBRLE
EO BRI TEDOEMIZKENDEOMMBRTH 2 L&, MBS HENEYICT
A EaRTnuE, RERBIFICH L TALMEEEZBRICHEET S I LICE- T, @
Rz zELDS &5 L,
—HZDEFICBNTIE, FENCK DN BEIHRNICEH L. ZHERITBN
THRBUFBRED INZERHRBVWD, Z0BRONKEE 2 H#GT 2 RE T, hXIIH
RNFHFEOERBEEZFRERE U TEHELLZ LT, BUFICH L THREIO TN 25
KT 2, ZOLIBFERENY 27 E#AESIE. BIFNEZEITH U THERERICASE
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BRI E RS I W B0I101E, BRI BWTALR EBORENEE & HET S
AT VIT hELRETIBENRD DS,

LIEDZ EMSRHLIITOEITBNT, IEAFERTICBIT 2 BB AR R E

EH LU T ORENSEREICBDTERS NS RELEERES. EOIWESha
WEAI, BRCBLWTHRNICERS NS T BUEERES. BLOG) %N MKt
& BNKIEE) 2RARETEENIA 2R T TE, HIREEELTEELRL
IR (NIC 2249 : No Incentive Constraint) FCHRALT BEERA &S, 3
BOOKBES BT S, HEBEEKEDHBERAD,
EFN. BEUOHSEHHEELRLSD : ZOEFNICBNTS, 50 [N*HEERABAR
EHE] TOMMERUL. N AORBENRFNEEL. AHH ERBIICET 5 REN
FHOPABRKMEMEIZGDR. DX, BIUVUDRTEREIND O EFEETH B,
T2 TREFONKMBEEIREMICLE TS LUE L. REWFKHOMABEKEL T,
@.2x0fb oIz

by!

+y., a>0,b>0
£,

(437) V(%fayi):[waXi—

ERWD, ZIT v RROKREERETHRESE TS D,
(438) Ey =1, Vary=0’, vw € ¥ =[vy, vy,
BIZZ I TREEEBUFOROBMIESHEMBICOTOERZEDOEIZNWDT, BT
BI5GB EERE S OFTETIE. FitEhRIIHRER v WERLEET, e
NNHEMFEELMGERET LD ERET S, ULEDREDT T, MHEF v 2 9%
BT BRENFSONKIITHTBZH x* &
(439 x"=(wa-p)/Mb,
ERD, ERALHREE X = Nx* &
(4.40) X?=(N/Mb)(ya-p)
L7325, —HREMFENC LD NFEENEEZIL
(4.41) x%= Mx*= (ya-p)/b

E72B, ZZT MIZERIEFEEERUL M=1+s(N-1) T, fEN®E (s=1 OFE
i3 M= N, #BFLEEF (s=0) DBAIT M=1 &5, ¥/ X = Nx? B&O y'=
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Mx* X0, x' = (MNX? BEDID. @aORDBIFTES I, Ketic X 5 A*EH#R
Z=5E X003, HERERy OBMERICR->TWS, By id, ReHick 2 NHEREE
X CgETD, FiBOBFSORAREREZEN L LK THS LEBRENDD, 22
T Ty OERBEZAKHEELEORBRTH D, BIFEINEEHE TS I LR
BN ERET D, ZOBERAEBEERET MEEZEE] TR, @400END
R L D NHBMBEEREZELANS, AEBHEE (AU ALBHER) 2R3
EOBBEERETHIENERTHS EEDND, T TUTIRBNWTIE, B
B L THERBREEZRET 5, G4OXEER TS &

(442) p=ya-bX‘

ERBOT, ARMAECZONE I 13AOESCEENS,

(4.43) TM=pX'—cX’ = [Wa-bX?]X?-cX’

ZIZT ¢ BARMEEORABATHS, QDRERNETHALT EEEE X &
B &L

(4449 X, =(N/2Mb)(ya-c)

L720, (4.42F E@A)RE D NEEHER p, 13

(4.45) p,=(wa+c)/2,

F72(4.4)RE@GADRE D, DB EELSZOFE T1, 13

(446) I, =(p,-c)X,=(N/4Mb)(ya-c)’

E72%.75B ya >c LRELTBITR. @4 Ed4R BN T.2To v € [y,
v, ZOWT X, >0 BXUII, >0 &7a0, 72445 & 0 SR 72 A FLEHEE S,
£2To y € ly, vy, ]| CODWTRAZALD ENWI L, BB p >c &b L
NN 5, £z@DREUINKEDRENKEOE V12

m
2
by,

(4.4 V,=yay, - 5

+W—pl71 (x”l/N)

EisB, ZIT gy, 3@449RED

(4.48) yx,=MINX, = (ya—c)/2b

LEEINS,

BERERLS : L THELLZTSHEERES T, OAKMONMRPRMEL, Ak
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BB REOMERMBEE NS, 2 MEOFDREBERNEFET 5. MFEOERICE>TA
HEFOEAGIIENE/RD . BBEOBERI L o TALE O SMHEN, RREBEMS £
FICTEET 572010, A OB/MUAREZ—BEAL b0 L5, BEEELSRE
BT, SHEYETHIBAE. NHMOIFHRENILL, BTN ERREA
LAULVTHHRT 5 T Lick - T, TROERIRES BT DRk OBE ZEET 5,
BOMEREI BT AR X7 SEME YT 13 ROMEORTS B,

2

(4.49) max V(x,y)zl//a;(—bx +y
(2,7} 2

subject to

4500 cX+Ny=Nw BIY® y=(M/N)X

B BRI BT 5 BIF OERFINA50 e — AL DICET &

4.51) c(X/N)+y=w

EEENDW, ThETEEEEEEN BT 5RENKSOTEFNR 42 p x +

v, = w EHRTHD &, @AKIKBNWTRENFEICE > TORHK ORAER IS

it p, THBEDIHLT., WSDR T ZNINA LIRS ORI/ RABE ¢ &7

STNBZENGNS, BICWSDR T, RNEMEHRDO 1 BAOEME, FHREGESX

OHERRAFIREHEIC L > T. 2T D N REHT K AHEBMNFEERD T, TOX DRI D5t

2R LU, EENRARBORFERIT o/N THHIEHRRLTND,
EREEL D, BREEEEAICBIT AR X SRME y 1

(452) X =(N/Mb)(wa—-c/M)

(4.53) y' =w-cX' /N

L7200, ZOEERERNFE ORI

#*

454 Vi =yay ——b—(u+y*

2

*

LB, 2T
455) x ' =MNX = (ya—c/M)/b

ThHb. RBERRSICBT 504 @20K X = WMD(ya- oM %, HEEEE
BRI AR 440K X, =(NMb(ya- p,) EHRTHBE, Siklizs>
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F1E SWEBOYI OREDHR

B EEEE DB B REOFEC &> TONEH ORERERANME SME p, T
HHOIZH LT, BEEEESICBNTIRIND /M L8> THBD, p, >c> M TH
e X > X, MDD ENDND, BRACASDE X = (NMD(ya-
dM) &E(@40R X, = (N2Mb(ya- o) EIENTHDE, TZEAFKFORN N= 1,
HBNIE X MBI = 00T M= 1 &R0, DHEOATHROMBENEFEL R
WEBAETH X' > X, o TnaM, ZHUIAKEAMEEEICE > THIGSN TN
5=\, it = BRABA TR, BRNA = BAEAEWS L —INCX> THIRE
BEOMAEARDENTND I ERHKT S, £ V' &V, OBRE V' >V, £
BRI DT &b, BEBICRT I ENHES, (ITOFMIL —4(20052) 25HS
N7zn,)

INSERFSSAIERE « Lo T, THEEEERE S TIOAEMOSMEHIRE, (DA
SHEFAEES AR OM ERMEBRE S VWD 2 DDERICK - T, AHE RN SEKE &t
BHLUTRB/NCRDZ ENRENZ, LALARRS—FIIBWT, FHESRETH 2 BURNE
FBICEENAL. BLOF TRESEESZETTH I EBHEENIZERICRET DO
LEbLND, ZOLIRBEEBUTIE. N EESEENKFHEENEHEL. BO%
BUTRZIEYRA > E T TEEXDEWIBENAFEICE T, THISEICS
I BEERS OHEDREZKEL LD EREHDZNB LIV, ERREICBT SR
REHILDOBEE, BEIELITEREA - ARWBANBRNIN, BUT - TEETNER
DEFFE, TERBEEIZYEBL T, INS5DEANMUKELTVWS, LALAENSE
FESic, BECBOWTIHHEEEREICB I ARMEEOBALIEDVICL
. SFEEHZOFAERSRANFTEL, REEMES, HBHRBEEZRALEEN
SENSTRZTSNS, Z0LI7R, BEEEICBVW TAKMEETFANNERICE S H
RSB —DDOEEEL T, N#EHRBZEKITBITE T /N THIBRHE, T
T2 FTH ARG EEORIC. AEMEBEICDVWTIHEROIEMNHENEET S I L
NEZO5ND, ERAKRBEBENEZH L ZAEC Lo TEBERILR, L0bRBE
PTHEZETICBITILETHY, BEREROMGEIA N EBFANSDOIADY—Y 2R
KT D ZEESD, BICEBNICEEORENRELL TS, T2V THDEE
BN E RN THRFEBET S 2 ENTRINTVWSRELE, IS OBERIBZVTNbE

Uy
T
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I, BRRAHBBETFHEBFICH L THES®D (> T4 TE2E5XBE25,
UTFTRZO& 575, BUF EEENNIHHERK 25T 5 BICER S AZomic, 2
£ FEICHT 2 BRICOVWTIERHENEET 55E. COLIRMENET SN ES
w5,
A 22T 4 TREEERUBROAKMEHEY (NIC 24) : LT TiE. BN
DI ENKP R TR ERET DRI, [RENNEUEBEEBREET 51 ¥ T g
TEFED] TEEERBLAVWRREZONT DM, %0 [NEMEEBRABAHERE) &
FU<, ZHOBENSREEREMITE LA X* 246385288, BFE
BEMEYRVAZ 2T ) VTSI ECHDBEEERT DI, BTN
FTEOLE vy NERTHANIHEINDIDBOELRET S, FLBFELEORDOY X7
PITV T DNEREEOBEEERLEVOT, SZIIUAVE#NTHD, KDL
72 THAXTEG ) 2 7 EEBIE—E R (CRRA)) OBAER U(IT) 2&HDOERET 3,
(4.56) UID)=II"*/1-1), 0< A <1

EIATII TR THALMAEERREIL. THEEORME TIIMERIBE N EHED &
IRE LD BRI OXS7aMECEEBNEFETEHEIC. RETH LU TRIETN
ERABLCFEOKEIED IS B BDIES S, HHREGEOHHTREZESIT. 20
BFETEBIFICED2NANENEE TS, T v > a HEICHIET B KEICB W TAR MR
W&, 22 TREIMEFE I, OREEBTE, 2O ENSBFILEED
NI BNT, P L MEFE 11, 2EELATIE. SRR ER
HIWD I EMNHRDRND B LN, ERAKMTIEN. BENSADENS OBEE
HIEET B E D78, FiBIF Y TN AHETHIUL, HEEEICBL TR EAED
BARCINZME I, /r ¢ 3HBATER) PEEBAREDBAIA MIELLEST
WBATREMEANH V. ZOXIRBEZHICBNT, BFENDR EOMEFRF 1T, Lk
OFEERELRTIUE, BEOF Y NOMEIZY A F A LB 0IC. REICENZK
IEBEFHKRNES D, LALADNSEEICBN TR, BRI SFEO
EREFRIIEBLRIIZAE ., KOHENRLEL. HREZERTS IER
BRIV . EROFEERIET 2 SEEEBMERSTIL—IV) 28AL.
BEBRALZENEETDHAINEHNELBETEYTTALIRBOTHS D, 22T
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PTFICBNTIE N OSEGIIBURIC LB FERAIMNET, BN TBUFIXEREI
WU THADOHEERETET 272010, TEIRHBELIZEGEEINLMEM#GET DI LN
Hiskizw, BEFEEIEOTHSET 5,

LB W TBRIZ AR I LT, BEERES ICHNT 2 A% X * @52 DL
EKET S, SR TEINDZESIT X =(N/Mb)(Wwa—c/M)I3HEEE v O
FEESIEN, B v OEREZERTERNOICHLT, ¥R v 0EBREE
B 718 T X* BERETS, L TBARIAE0RETS v O (y &) K
EINT, BYTHRD 5N HFEICHE S TEEAORB G(Y) &3X3hD. BRE»S
HEAOTHOTEIX, FKEHIHEE L L —EREBICE > THET 2,

P EDRED T TR, ZHTTOREZEOME ( II(Y,y) LiLd) &

457 MW, y)=Gy)-cX*(y)

LEIND, 5D THALOFMEAN, ARMEBELHOERE v & BEITIZK
FAQHEE ¥ IWKETHZEEZIRLTHY, ELELOREERES ITHBIT D0k
AR X*(y) 13 @R TEINDY, INOHEELH v ORKTHZLHRL
TH5b.

RICAENNEFEELEH v 2BRLEBIC. BFCHLTEOE ¥ = v 28HE

T2E, @WHDRICBVWTRELD . BIFM S BEADKIIN—IV G(y) &
458 Gy)zcX*(w)
EEETEOICRDEND, BT @A) RNEB TRV DHEEEEAD L, @R L
(4520 &0
459 Gy)=cX*(W)=c(N/Mb)(ya—-c/M)
L%, LAL @XM SHLAREDIC. G(¥) = yal/b >0 THHEDIT, £3
WEIC vy EBRKEETEA ORI T 4 TERED, ¥y OWMDELRKRER v, THSHM
5. PREIBFICHLTCER ¥ = v, 28575, ZOEE0EMNEE (Y, V) =
I, (v) £&ETE @WHDRABEIY @69HLD
(4.60) Ty (W)=G(y,)—cX*{y)

= ¢(N/Mb)(y,a~c/M) - c(N/Mb)(ya—c/M)
L7 s, FIRED "NIC" 13613 E EF U< "No Incentive Constraint" ODEKRTH S,
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460RNSHLNT, £TD v ely,, v,] DWT I (y) >0 &ERBIEMS,
v WEHTDHEIO, ERNRZBRAITBITHEEOHMEDRICONT

(4.61) EU(IL,,.(y))>U(0)

PR ILD. —H I OERINET SNz EED, RENKEOPAE Vo (v) EETLE.
43NABLY y = w- G(y,)/N XD

(4.62) VN[C(W)zwa%*(W)_M_FW— G(;/\;h)

2B, V(W) ZEEREBREREDICBIIRFODNHUASHR V' = lyay -
b(x Y21+ w- x'IN &H#ETHE,

N N N

wes SXTW) _cx*(wi) _ Gy,)

THBEIEND Ve (W)<VE(y) DRODILDIENTN B,

1 T4 THGREEZER L LA EHEEREY (C 8¥) : ETRAEX S, Ak

FENLHL ., TOEOERENECEORWERTH2HE. BUF L BEONILH fE1GH

KeTTA1 2B, RRECEIDN/{EUFTEOBRBEA T4 TEFEELIRITN

3. BEEOBENEUDWEEDND D, TORDBUFIIAEEONKTHEEHOFTY

A2 HE>T, RO2DOEMERETHDET S,

4.64) EU(GW)—cX*(y))=2U(0)

(4.65) l//=argu7£]121’>§/h]G(t;7)-—cX*(l//), Yyely,,v,]

4.6)NFN{EIMBELE v NERTIHO. LHTHERICB T, BUFIIAEICH

UT ZEPRELIZBRICE NS COFELL OB RKEZRIET 2 2 L 2EKT 5.

—% (4.65)HKIEEICE-> T, AEMBELHOEDOEEBETIZENRBELLDED

12 BRI BIT BN S BEAOTIIN—I GW) BNTFTA 2 ENBIE2EKT 5,
BHOFMIE Z#(20052) ITEDD, 46HRBLVU)RZHZTEITHNA

T o)W

(4.66) G:c(lla_C/MJ+ &(Ncac]
M b 2| Mb

E73%. D [NHMAEEERRBRFEHE TEHLZ@36)HERU XD i24.66)5id.
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BEOYZZEEEE A B/ EREAEMTEOREKRNET o HMREVEL, K
RN OEEANDOTINVEORESRDZIEZRLTND,
JBAKMOHELE Ty DBEHR : (AEVFEBRTHUME OoERN, EAEKE
R ORFICRIETERIL, 0 IR EEEABRBEME] OONREREFED
KRALTH 2. MEALMEENHENICEE L, TOERBENRRY EESEOTIIE
HTHDEE, BUFELZOMTHRE S NBARMBRZNCBNT, CRIARMEE
EBRICABHZA LT TEFK>THBY, ZOLDHRFOEENREBRDLNS
AREMEND B, ZITOETNAN TR, REERERS S HBRUES, TETERIRE
A CIRIEBEE - PERARREE S WD . AHMOIEBRANE LS NTHARNI L, B
FORNFIFNERZC I > THIEINTNDZE, &S 2 DOERITK 2 IFZNRMEN
ELTNn3, INSOEBERICK- T, REERRES SILET 5 &, HHEEERE ICH
FAAEMEERITBDO LR, FERENFEODABETT 200, O [RILHAEE
BERBAHERE CAUKZTORERIREOH N 2. AHMOAENF—N—-DRE
BRINTAY— s LEDIIHLKTSZEMREIND, BIHKFOK N 2WVha <, i
FAEIBTITIENE D78 (s AVNE W) A#BOBE I, IR 2 BIRE S O IR =M
BERTHD, NEMFELHOLRE v, WREVESG, ZHNEZANDBILOA) Y M
SEERERBOTIIRNES D, BIKEBMESIEHBIANCEZSY ) X IXARBK
EFNEEP, FEHEMH - SRR REEOREMEN., RISV EEZ DR 0%

ST EERR S S e L T BHERANDS Z LI 2PREOHEBIMEFTER
W2ZAS, BLZZTAWEETINOLII, RFEMEERENTRICBWTHENZHE
BTEAWRENEND HBEITE. BHNEAVWTREICAEMOAEEZRLT DI ERETT
72 MERIEEOBY/LNERRED, B - MBS HEEZBRGESILTES T,
NBEOUEEBIETLENHDIES D,

BB, [RNEMEEBRTRIME] OSIRENT I OFEFITH L THRDERIIDN
T, %0 AEMAERABARERE] CFRU, AXRMOHEN L O RBIEITEN
LOIEBE (s WNEL<25E) BFOBEE X BAE<AD, Z0kHI7O0
FEHWUASR c X +Y = W IKBWT, DEFOBMIITHT 2HEDRE B>
T< %,
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E )

COETRANEBOT Y DEENRICONTER LR, 22 TEMEN>TEED
i3 BECBIT B ANESESORER, BaRERENMERICERE S EEENELOI
BT BOTRAENDAENI BOTH S, THEDOEREEIE. 5 HOBEBEMNL D FE
BARAERTHE IR TELIE, AMKHONEIKE AT SO
SRMAITGEN S DAEED > TERZ &, ERHBRFELNLERE LT, AE2RIC
T3 NI LB EEMEN S OFHHES (TT>T—IVEE) . ANEHES O
BITHES I FOSEICDNTAENES RN =DICEL 5 ARV BERETH S,
7z 1990 FRICAEBNRRICIA L ZEERTH S, FEEAYZEIBE HIZ XK 5 ARt
FEOHRITIE, BRICHATHIBHENESNAN S 2O TRENWN EBDNBLONS
D, TOXIBRERENERMSNEEBE, FESBRTTELSTY > L/0) - T—
Vx> NIRRTz, BEMICIIANE - —E2RRET S ERESETEEMARED
B THREINBERITBNT, BROIEHEN S 25 TN - F—E 2 EERA 28
KRICHET BERR, AW - - AT 2EEEBAICRED RE DN TER
L7z,

BURFIC & B AN E IR & U7 RIFBORIE, IR AP & ORER SIC B W TS O E7:
EORENER D SHEFEEICH LT, PEMEATROTEC OV TRA RYES
RET, ZO&SRERAMEICHLLANS X0 BWHSZERT 520100, BN
BAEREY ) —TOERAREE LTETTIAZL . KBWALSHEE (social
planner) & U COMS &8 > TRFBEE AR L TR LENHBE 5,

ZOEIZPBITH29IMIH— N OF TITONZHD TR, FahT—< Il &
CERSBHEFVEZHVTARSN, SEHFDPOEBLNEREDS S IERY
(quantitative)/s2 H D Ti72 <. FEHEM(qualitative) 2D TH 5, SHBOBEIIZ DE
BT BN S BENBREEREEEHT D0, ERNBANICEFTLIETH
%, BAMICIEERTIIVAD 58S NEEERMOBRIIOVT, Kty —5 %A
WERERTD Z &, £2COBTHVEEL BERETIERE LS — 9% T
FNERNVTREHEDS I L—2 a VAETD 2 LR ENEL BN5,

ZOEQTF X THBNNEHEDOT Y TEEDRIO WL ZAED 5 OBFZENT
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HNTNS, BEETHOENSZOETHRS ZEOHRAM-> BB E LTI, O BE
HESBBED Y U HWMEKEICS X 5B, (VSRR E L TORMEBORERIR,
(i) A EE OB RS2 EN B 5, DIZDWTIE Sargent and Wallace (1986) LA
SEHS S OENREINTE D, BiFEOXHE LTI Calvo and King (1998) [
NTVWAHTEBRE N0, ()BT 21213 Lucas and Stokey (1983), Gale (1990),
Saint-Paul (2005) 73 ENBEICRBESS, (IZDWTH Hamilton and Flavin (1986)
PIsk$% < ORI ENBEINTNDS, ZOMBERET2REOBENLZEELT

12 Burnside (2005) & 5,
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1. RUHI

ZOME T ANEERFIEREOREEESRENTT 2 HEEZREL. TOLAFIL
LT 2008 4F 4 BICER S NZANERREREEMTL 2. BENROTFEL 28
EBAEZEEMT 2 EBER, AOAER, EEAERE, NNERRBREBRE (XX
BEF) REOBREREHEGE L, HHEFRINICKS LZRKEHT L2 ABERIEH
HEM LIS T, FHICLZERT—EATE. KitoPH, BREFRE. BLU
HEMBERIC D VWTEHLYRREZBWCHESVALREEZHREL, INEORKOENR
HEEHERECL > TEDIIREERZZTEINEND ZEE2NT LI, Flniicd
7o o TIHIBMAF L BWABRERST—4 2 AT, EHEEFHRIICKS LK O
WA, e, BERL., BEREREREOBEICXLTELL, BICHECEBENKE
OB RIETREZETINTAY— (FifB (T4 —TNTAY—)) ZOWTHHKET
— S ERWTHEL =,

COWERICBITBFELRFEEIILUTO 3 ATH3. £ 1 OFIIANEEREYWENKE
DEAKECHEEZRITTRKICETZH D TH S, BEOREOANEEMEIZ. 70 &
KON —TE 10 BULEDZ N —TIZDWTERSEZZEHCEBHRENREINTS
0, FEANEERBREEICONTS 5 RRBOIIV—T & 75 BRULDOIT IV —T (EA
EBREBREEORS) TRAEINTWS, IOEORAMEEHEOHBIGEKZZET 5
L. HOCAHEOBGIZIINZEBT LI RERBROELELEEL, TLTIOX
2 I NEEHIE O BOR AR ORI T 2800, ANERHERECLDHKFOEE
KIEDZELIT DT, HEEEHRIICEB MR ERTTRERRELS, F 2 ORISRBR
BREECEERICEL TRBREENERINS 70 BRBO V)V —7IZDO0WTH, A
B E S E S E OREEEDRIIE—TIIRNWI & TH B, HlziE 2003 F 4 AICERS
NEKETIE 70 BRBOZZEOBROECAERN 2 BN S 3 Bl LIFosNkER, Z
OMETOHETIIZIDOL I ARKEITL S T 70 BARBEOEBREME (60~70 %) OXAMN
BEFT201Ix LT, BEHFEFEOMAITHET D AREENDH D &N I ERMME S,
ZURKRD 2 DOERICHKT 5, D70 BABOZZEOHCEHEDF LFICL> T,
EERMICEBREIR2IGEHES 2 & (0 RU LOZZEOBCAERT 1 FNTEENNT
W3), BIUG)ESE G HH IS ORBHEH TN THEKENS VT, BER
D—ANYUEDEBREBIIBENCETHD, N5 2DO0EROEDHIZ. BCAHEBLRER
BAEBICELL TH, REHHFHHOAIIRBBROEE LR 2T, —Hal0Ek
BitEOSAIIECAEROBLOEEEEW 21T 5, TNA 2003 F 4 B OWENRK
gttE s 70 BmABOBBESEOMRICRE - EFEEEZ MR TH D, % 3 O
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BEDAHERFIEOHSH NV EFMEICET 20D TH S, ZOMKRICHBITDEEFE
EUE, AN R EEHNOREVAOLHIIDONT, L0 AT 28
BMITD2LDNEELT DL, HEPAERAET 2 EEFEGREIL. REHTHFOAHE
EEEHTOIEIBODOTHZENIRENE SN, (THUTARIEZEHE O BAHIK
K0, ARCEHECAHELZNED ZLEZBRT S,) ZORRIISHOHLFREREK
EOHOFITDOWTHKEWREEZ 52 2, ERRERBIETLDDOH 3 TERLE
WO NOBEDEILICE > T IEEDORIES - BEREZHLE LS RIEHE OB B
EHENZABHEHFEFIRETHLIICROTETND I &R, EX TRV 2B
T HHEEMMESR GEEZIHE) BN ES &b, BEOHSEREHIE N AR A EE
DETELELSRBRVERBRENTVWLFREENSH D Z &, FHRHMESRILIELD ®
—& [REH] CEZEEZBSLIBRBONEEDLL T 3E, BEOCHAFERMEICET
RPN —BHRE > TS BABEMNH 2 I E2RBL TS, EEE 2006 4 6 FITHK
SUEERGIEREBEEEOE Lo, BUT - SREERERES [EEHEREAHE

(2005 £ 12 B) IC&kNiE, RIEOLWEERGIEICET 2 AR OEHEONFEEITES T,
75 BULEREETI2EZEAERRBREIEOHEICDONT, EEORERICL 2 EHE
A Q1 E) EEED, REHROZBOEEIL. ¥4 B2 EEELTEH> T Z EITR
%] (p10)EL TS,

2006 4F 8 A 25 HIHFTOEBEHBEOHREICLNIE. 2004 EEOEREREIL 32.1 Jk
M Gd GDP fbZE 8.9%) T. 2003 FEIZLHART 1.8%BWEML TR, £5E%b A0EE
Ok, EREMOEEL, AEEERBEEOENZEOERICE > T, BRERED
HRHWEMNFE ATEENH D END, TDD 2006 F 6 B IZHRIL L /- EEHI R
BEL, BEREEEOMGIZERENELT. TOEBRERE L TOH 2 EEnE EEG
EOAR. (EEmE EEHE T 2UEe - HICE L TREMEHINTwS, & N
HERRRGIE 2 BRE. (DEEZEROTHMEEZRS CEEE2FEL TNV, £/ 70
BULOZZEOROTOHCAERIIOWTS, BHITD 1715 2EIC T3 &, #
2 TREBEAOHE 2ETVWEHEIIDONWTIE 3 BI0AHEZETIEDBFELTVRS, &
DL BANERFHEREN. Fil, . BHEERRZEOBEORRAFHIIHLTE
DI BHEERITTH. HWEDT ZEME) S TAFE] OEISRTEELVHOD
ROMENDIDNTEBEICEERBDOES D, TNBIT ZOWZEL, EHLZKET—%
DRI S DHFENWSHEIELHZ D00, NHEEFEREORFEEZREEILN - H
#HET TS 2720 OFERN R FIEOHEL ZRA DD E UTREL N,

ZOMRERIUNIRDO KD IR IND, RAICE 2 i TOMNEEFIEREOHITITHN
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FE2E RHERHNEREOREEESRT

ZHWETINOHELZHAT S, ANWERGEOCERETTIVL, REER BC&HER,
EEAHERE, BLXORBEBRFZBRERETOIANERTBE, ARERGIEICET
%, HEFEHRPICRD SNZEZBOFRFNSHERIND, E3HTIEE 2 HTHRALE
BHRTTINERBITEEDOFEBLY. ALK T —FITDOWTHIAT S, % 4
HCTIIANEEFEREOREREESTREREZHHET 2. SOMKRE LD 2003 £
4 AOYEIZDNWT, BEAHE RBEMBRFZREOAHEICEDRNWES LE0EE.
F7z 2002 EOLNMEEFREZREL LT, SREECAERICHET 2 ENRHEYE
OFEEHH L, TINS5 ORBALBHELRESIL, £ TOZREOENHCAEREZY
O&ET 586, 710 BREOZZEOECAEERE LIT5—4T 70 U LoEZZEOED
BHEFEEVYOETIEHEE, BIURTORREOHCAHEREZ & 3 BIICETSHELL
5 3BV THD. REDE 5 HTIE. DR ROBREREL LT, RINLFREICD
WTiER 3,

2. EFN
ZOH TR ANEEHEREDREEERENIT 572DICHNSERET IV OMEE
PHBET S, EFINVEHEEFHNER 2L OFE. BIXORNERMBHIEN SEBRK
INB, BEEY-EAEGE Rk, 2EFMRE) 3. KL 2EET—EXAFEZR
BRI EEE LT, ETIIVOBENSIIERINTNS, !
2—1. it (HE#)
EEY—EXZFTETLHHENE HH) 2BMEL THETS, BEHEOFEHZXHT
ATy A% " i &5, BEFENICIIHEEDOFRBICONVWTROLIBREDET 5,

i 1 2 3 4 5 6

HETER | 20245 | 25~29% | 30~34 % | 35~391% | 40~44 5% | 45~49 %

i 7 8 9 10 11

T EF 50~54 7% | 55~59 k% | 60~64 5% | 65~69 5% | 70 mll k

£z 0~19ROBA [RBEFRK) & UTC, HHEEN 20 R EOREHCHEERS 5, (&
DHEOFHMIZDOWTIIEE 3 THEAT 2.)
FiZDOWT, FAENREENEEL, TO¥%E N,, i=1,2,..,11, &£&9%, KEH

1

LSEEICBIT 2 EEHEORBEFNOMTFERICRORHEAEEEEHETT V. QWEMFET
FELTTI)), Gi) EOOEGZRFICER L twopart ETINRENH D, FHFTLDOF
HBEOICEIN5, BEERIEORESHTIZDOWTIE Culyer and Newhouse (2000) (24X
BINTZMXNSE LR D, E-REOEEGIEICET H2RETITOWTIEHEF - Bl
(2000)iz & BH—N1 2B,
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B2E NHERGEWREORERELEDRIN

i HEOMHEABRE m,, i =1,2,..,11, £T5, Filt#HIIHE g TREL.
COEEEBY—EACKHTIEENEC LM, i HEOHFIRZRDOLIICET.
(2.1)  Eu,=qm[A4c,,— (B —x)1+(1-q)m[A4c,,]
ZIZTE,, | IBER—ANEZOHEE, ¢, IBBLANZEED—ALEZDHEE, x 13—
A7 DERTH, 4 GHEBOMA/STAY —. BIIBEOTHA/STAY—TB D,
BIOEFMEBOT B &, &} Lid. EEY—E LA - F—ERITHT
BEHOBRHTH B, BEBO—AYEDBES & BELANSEHO— A% DY
B TROLSICEIND.,
(2.22) ¢, =[A-t)y/m]-rx
@2, =[(=-t)y,/m]
@ARKITHBNT y, FHHEHE. ¢ FIONWERREREE, » BEEIXHICBITZ2ECE
HETHZ, QDRECARXLD., BiHFOHMFEIHEROXIICEEET I LA kK
2o
(230 Eu=Ac —qm (B —x)
ZZT ¢ [FHHEHEEDILET, ROLIHTEREINTV S,
249 c¢=(1-t)y,—qmrx

FiHO TREEREY—EX] x, 2. CQOROTTRAXOHEAEZREALTED
DEFEFET D, —HIDEIR TBEEERET—EX] IROXIITEIRT D &bk,
RICE i HEOR N, AakEdng, SROBRED ¢ N, #HE8EET 220
2%, TOEEETOHIMED [FRH) 2R HOBMIX
25) g, N,[A4{(Q-t)y,—mrx}—m (B —x)]+(1—g,)N, 4(1-1)y,

= N [4{(1~1)y,—q,m1x}~q,m (B ~x)]
= N, Eu,

ErB, ZOEERBISSETEZE (social planner)?t, fREEE ¢ BLUEHCAHE
Ry 25 ELUT, BittHO [FEN) BPBORMEH)RERKXLT 2L ICER
Y—EX x, Z2HRONUT, ZOXDBRERT—EXIFERIC, @ERHOHE HEFCE ST IFE
ARy BRI Eu, ZEAETZDHDITR> TS,

EELFELORENZE ERFICLE > TOREEERY —E XX
(26) x, =B —-(4r/2), i=12,..,11
OLOICHCEEE r ORVEKERD, £223)K. QORK, BLUPCEOXKLVE i
TR OO R #ERh A BR R
@7  Eu=A4[Q-t)y,—gqmr(B —A4r/2)]-gm(4r/2), i=12..,11
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B2E DHEFRREREOREEENRS T

Ei2%,
2-2. BRF (NHBEREREE)
INHIE BRI E O FERIFITIT
2.8 szql(l—r)x—E Nty +T+D

i=1
koESNG, CORDEDIEREEEHN 5 ITBEOACAENERVEERY —
EXMMNE, A% 1 BIZEBEEBREHIA. 5 2 EO ' JEE&HESE. 8 3 EHD D 1k
FEE (ERRETR 2EWRT D, £HANEREREEIEOEREERE 2
ELT. RDOE SRS AEKEZEAT S,

P

11
29 W= N{[(Ew) -11/y}, y<I
i=1

QORI vy AhI W, KOAELRHENMESNE Eu, OO/ EIIFOEL D im0
BEeREKRTZ.y=1 OLEQIORXEFIN T LR GHFIEER) HEHEERERD, y=
DL EO— VAR ST &5,

3. YTal—alaMoFEBIVT—F

ZOEITIE 2 B THENLZERET Ve AWV, ANEEREREOREELNRZ
DT BFIEE, DINICHNST—FBLUVIINTAY—OREFEITDOVTHIAT S,
3—1. ¥YTalb—a foFEHE

YIalb—aipfildizo TR, AHNERFIECETIHET Y055, —RIC
RESINTED, DDOUBHAFNAGBRODERNDEN, ZOXIRBTF—F2E 2 HT
BALEERETNVECHDTROZ LK T, THEAZRVS OREBEEZBROHT -
DIT, HERETINIH L TS DODNDOREZRT,

€ 1 : HHFEEN 10 RMARBMOETORGOERRRHELGOAHERE {1, r} &EL.
EHFEN 10 R LOFREORBREIRLECEEEE {1, 1} &KT.
B8.1a) t=t, r=r, i=1,2,..,10.

i a’ i a

B.1b)  t,=t,, K =r.
RE 1 EBIIEDONRIERGIE TIE 70 BREO /N —T& 10 B LD NV —T7T, ZBE

ELHCEBHBORNWNRRR S I EE2SHICEWZHDTH S, FlZIE 2003 £ 4 AN
K S NI nHERFERETIERAEHEEICDONT {r, =02, r, =01} 5 {r, =0.3,
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B2E RHERGIEREOREREMRIN

B =01} NEBFEINTVD, 2

K€ 2 : FKetOPAREKQIKITBNT, HENSOHAEFZ/INTAY— 4 FHHE
DEED SITHITH 5,
(32 A=4, i=1,2,..,11

1RFE 2 R BRI T — I M S NHBER D/ T A5 — {4, B} ZH#ETIRIC. &
BOTAZEEBH/NTAY— B, ZHEEHBOHEN AL, HEOBAZEE2/S
TAY— A FEER T EORPNHERBZNZDTH D, (BEHREEEFIETDWTIIER
9 5,)

RAE 1 EARE 2 DT T, HFEEEHRH ORBERT — D

(3.3a) x,=B,—(4r,/2), i=1,2,..,10

(3.3b) x, =B, —(A4r/2)

&0, —AREER AR

(84a) Eu,=A[(1-1)y,—qm7r, (B —Ar,/2)]—q,m(4r,/2), i=1,2,..,10
(3.4b)  Eu, =A[(1—1,)y, — q,,m, 1, (B — Ar,/2)]1— g, m, (Ar,/2)?

LB,

3£ 3 : EFRMGARICNTZ2EREGHICEL T, EAERRBRAECE T 28HEZ g, .
TNUANDERRRFIEZICN T 28HERE: g, £95,

EROEESHEREL BUFEEMRERE), HAETERERR. TERERRR] 2ED
FIEZLICRESERLZ>THY, BILERBEHEICES. 75 RULOBAZRKREE ST
LB NEEEBEHEAOUHESHE EOBEICENWT, SEBEEBREERONFEE O/
EHRLDELUEHERREIARERBEEL R > TWS, LALEBERSIITHTF—5 LO#
KmG, 70 Rl (ERICIE 75 Bk OBAZHRRE ST IEEERFIEICNT S
EEESHEBICDNWTIE. KE3DXIBREMEEZTT o7z, KE 3 DT TIE, REERRE
FIEOTFTEHNCORICB I 2 EEAHE [ 12X

? RBUELR & H CEERIIERUMI D, FIEKEIZLDREOMMTHON TS, ZIT
W37 —% LOFIKIN S, RE 1 DL ICEHROAMTL DX ETI,
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10
(3.5) I'=g, Z Nym.q,(1=7)x + g, N;ymy, ¢, (1 - 7,) X

i=1

&%,

B4 : NHEEREREEOTEHNCYORICBIT 2HBRF D 3. EFHGHED
Ax100% &L C. BEERJICRD 515,
(3.6) D:l[i N,m.q,(1-r)x]

i=1
FE3EALL, KE4ITONTHEROEFFRIBRE (BENZEE 3ERER
BEILCKESRERSTVAN, Z2THYIal—2alaficHnaRET—5&
KEOBRGHEEDEDIC., RE4DL D REMET o, 83— 1 RITTK 14 £EF
EERE 15 EEICBT A ANEERRREEOMBUINEERRL T1S, ZORKLSE.
NEERREETEGRELE A 13, FR 14 £ A = 12430/204978 = 0.0606 ()
6.06%). TR 15 4EEEIT A = 1363/203652 = 0.0067 () 0.67%) Liz-> T, /T
14 EEIC BT D RAMEREBRGIEICNT SEESHERIL g, = 42406/204978 = 0.207,
SR 15 EFEIE g, = 44354/203654 = 0.218 & L7z, EAEERICHT 2 RREHEIT, F
14 EER g, = 0.3, TR 15 EEE g, = 034 U7, CERL 14 FEBIUFAL 15
FEREHHHESR.)

(B3 — 1 KEA,)

(75 3 LIRE 4 D FTIR. BHREEG.ORE D ANEEHEOTFEHKCRAZRDL
DICEZTET I NS,

10
(3.7 (1-2 —ga)E Nymg,(1=7,)x+ (1= A =g, )Nyymy g, (1-7,) x,
i=1

10
= Z N.t,y,+ Nty

i=1
BES :
- O~4 BOEA, HEZERN 30~34 FBOKET (1 =3) KHEEZND,
- B~9BOEAL, HEIERN 35~39BOKET (1 =4) THEESND,
- 10~ 14 BOEAE. HEEERN 40~44 FOFRE (1 =5) THEESIND,
- 15~19 BOMEAIL, HEIFERD 45~49 FHOKET (I =6) [THRESINS.
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B2E SRERGIEREOEREEEMNRSIT

BA5EE [P 14 FEAOSREKE XU, TBOE 1 FHERICBIT 5948
I3 28.3 &, E/x [BOFEHESE) 298 BEkoTnd, ZOIENSNMEEHIE
B2 20 BRBEOEAIZDWTIHRES DL IWHES T &IT Lz

UEDRE 1 ~MRES D FT, BEAERES I 2L —2 a3 > EROFIEICRK> TED
5,
AFw 1 ¥ET—5EED D,

N, i=1,2,..,11 : EHEEEH O

m, i=1,2,.,11: Ei##EOANEK

X, i=1,2,.,11: BiHE - AL RERERE

v, i=1,2,..,11 : B HEFHE

q, i=1,2,..,11 : EiHEH—ANH= D REE
AFw T2 1 FEtOAEEUIT AY— {4,{B,, i=1,2,..,11} }, BIOHLBEE
BT AY— {y} 2RDDB,
AFv73: NHEERBHEOTEFNCNINIIEGTZBRER {r, n, t,. ¢,
8as & AV OBELZHEDLEEBEEL. SBORIEOMFHEEERIFKDA {Ey, , i =
1,2 ..,118, &8 W, EREEEREEEET S, £/2 20034 4 AICERmI N
NHEEGEREORFEEMNRZ M T 5.

3—2. YIal—val ahmicHnakiT—%
N,, i=1,2,..,11 : #H#FEHH OHEFEL

NN, ZE@pIALO, mZHEFEERHNOHFEABREL T
(3.9 N, = NN, /m,
EBWe, BBHEIT -5 ot#ud, EHMALD {NN,, i=12,..,11} ZBRBERE
FCADOHEEMEHR) . HHEEEHPIOMEABE {n, i=1,2,..,11} JRBEKR 1R
FHAESHR 2RV,
, 1=1,2,.,11 : BiHE-ASLD RERERE
EAsEE TEk 14 FEBERE) L0, 2002 FOHREHICEEMRTZELL
BEROHFHENERNITHESNZN, cnE (P, i=12,.,11} £&T. AUCEE
FEEOHE T~ &0, X, i=1,2,..,11} & 2002 EOFHHOEHEREEE &
LT BittH—- ALV EREZ
(3.9  x =(X,/365)/P

X;
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FE2E NHEEHEREOREEESRS T

DEIITEHELR. BURES LD 0~19 BOE AT DWW TIHHE EFEmA 30~49 KD
Ket (i €1{3,4,5,6) THEEINZHOELUTEERS Uz, #IZIE i =3 (HHFED 30
~34 8T, O~4BOTHZEE) 12DOWTIE x, 2ROKIICFELE.
(~4REREEE + 30~34n B RERE) 365
O~4REBEE + 30~34RBEH

g, i=1,2,..,11 : BiEHF - AL DREER

EiHHE—AYZOREE g 3. FHIBERMEMEL EFEHADNN, ZHNT
@.11) ¢,=F/NN,
EBW, BUEELS KDBRERBENEENIHE (1 e 8,4,5,6) ZDOWTIL 0~19
BROBAZBEEERED L. FIZIE i =3 (HHFEN30~34 % T, 0~4 ROFHZHEE)
ZOWTIE ¢, BROXSICEELE,
O~4FRR B E I + 30~34m B EE

0~4i A O+ 30~34 A0
Vi, i=1,2,..,11 : 85 HHEHE

FEEPIHHENA y, BIRBERR [FEHAEFHR 2AVT. ROLIIFEL.
(3.13) y, = (Fphl- 1HFLAZD - 1 TAHZDENA) x12+365

(3.100 x,=

(B3.12) ¢,=

3—3. WHEHYHEEDNSTAY— {4,{B, i=1,2,..,11}} OHE
HEAERS ME3 XL MK (20034 7 H) &, 2002 4 4~6 A & 2003 4 4~6

BZEETHE, TORKEORBRECOBCAEEN 2EINS SENC LA LI EIZHES T,
DTN —TDOEREN 088U L-Z EE2MEL TS, 2 INE2E 2 HITHNMLE
HHETINOREE2HNWTERTSE, MVREUTOEEREEZ

10
(3.14) Xa EZ ‘Zvimiqixi

i=1
LBz EITEHT

315 A2 _03-02_,;
7 0.2

a

392002 4F 4~6 A &£ 2003 £ 4~6 A EDLBIZBWT., — R (FEE) VI —70R A%
i 0.88% A, AR « RATIN—T1L55%ED. FHAKTRETINVICELE TR (&
B TNV —TOREERWEN, fHE  FATN—TOREEFANT S, KNRYEETHIE
WEDRFEEENRIIAME EENICRFERb D E o7, BRBEHICBNTEAT I
— T OBEENT 0.6% D Lz ZEbHEINTNS,
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B2E RNERGEWEDOREREEDRIN

AX

(3.16) e =—(.0088

a

ERHTBHIENHKD, BECINSEANSZEICELST

Ar, 0.
17 n,=-2%e [AnL 00088, 017
X 0.5

S, BERY-EAREOBCEERICETHHNENGERIRS, ¢+ £ 25 TEIK
EBIVRZHNWTHCEAHE ERATOMEZE
3.18) 7 =02, X, —Ei]Vn@%(ﬂn—A@/2)

i=1

EBE, ~HHOCREREFEROEZ

~

10
(.19 7 = EZ m; q,(B, — A7, /2)

EBLE, EBLLBIORE
~ n R 10 R
8200 -(X, - X)X, ={(}, N,m,g)xAx(7, - 7.)12}/ X, =0.0088
i=1

L%, INXOHEENSDYAEFZD/NTAY— 4 OHEBEELT

.o
(821) A4 =0176xX,/Y N,m,q,

i=1
2HVS, BLE2DRICBITS X, DFEICIE 2002 EOKEEBN5.
HHENOBBORMAEE 285 A5 — B, 13, BIREANDIIEIEST

(3.22a) B, =x,+4r,/2, i=1,2,..,10
(3.22b) B, =x,+ A4r,/2,
DESIEHET D, BRRDELD/NNTAY— 4 FE2DXTHELZEDZEANS,

3—4. HSIARKD/NKF AT — v

ARMM(198DIEZHHICBE T 5T —F 2 AWNT, MENCREOHSHBERD/NNT A
— vy ZHEELZ. TRICLD EREOHESABEEIIN Y AR L DT O —)L X8R
Wl &, FREFTRLBRONTEEZERTS (y METT3) NSNS &
EHRELTND, BT S5 2l —2a OBV TANERGEREDORELIRD

¢ RENCR VT 2 EEEEOMIEE IO W TIZ/NME(1990), FH - £#5(2000). MH(2000)
BRESBOMBENREINTNEN, WInd IBWAHMEIT 1710 DA —F—T, bFOAE
Iaholz] EVIBREESTNBEESITH S,
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B2E NHERHEUEORERENRIM

T ARSI, ZOLIRABMAISDDOMELEZSE L LT, 2PABEED/INT AY
—ZDOWT{y=-05 y=-1} LWV 2DDEEZYTIIDTHS,

3—5. MEAT—FBLWNTAY—1E

LDE3 - 1H~FE3 - 3HTHAL L HBICL > THESNMEABEB LT AS
—HEEZE3 - 2HITE LD, BHINWTNS 2002 FOLDTHD, F3 - 28NS
BT O#EANBRDONS, £ 1 ORIHFEEEHINORGRER ¢ 3. HEEEHNE
BI2BE<RDILTHD, HHEENT0RULORFOFHABHIT m, =2.34 AT
HBM, COILHNMEEO—HICRETIHE (ERICIT TR2EEEEHN5RHE])
35 17% (g, =0.169) &7x>TWb, ELUEHEBBEROBRISHEEICEFAZ DO T
72<. BRI ¢, =0.0426 L7xoTHY, ZIUIHEEEHRN 50 BRWO /N —7 (i =
1,2,3,4,56 OFTHRLEN, ZORKE i =3 OFFHIMHEFER I 30~34 5K T,
RESLD 0~4 ROTHRERBFRELLTEATVWDEDEEZOND, 8 2 O
EHEEFHRINORE— ALV BRERERE x 3. #HF2 70 BULOKEITROE
< xy = 1H 180 HER>TWS, —fRIT x, 13, HHEFFHEEITHEMNTSERNH
B, ZOBEBOLT L BERERLDO TR, 50~59 DI —T (i =17,8) DFI
60~69 XD TN —T (i =9, 10) KVBERENE K> TWD, HITHEFEI 50~54
ROFRED, BER—-ALLLVEEREIT x, = 1713400 T. ZRUT 70U LD I —
TERSES Lo T%, B 3 ORIIHEFEEERIOREFHE y, & 60 FLALDOT))
—7IBNT, 60 BRED I I —TITHNRNT, KESFPDLTEZETH D, 60 BRED
T =T ONWTIIHEEERH EKIC 3y, T EFETS. —F 60 BUEDZ I —TI2D0
T, HFED 64~69 ROV — T ORETENEBES (—HHEZD y, = 177 3520
M. BICHEFEDN 70 B LEOFKEFIEIL. 60~69 BDZ I —TDRHFELD HOP
B ROTWS (y, = 1773850 M), 5 4 OAIHETEBIORE O HELKE.3)R
BT, BEOFRFANTASY — B, OHEED. 2EMNICHEEFEREKICERETS
BERIZAETWS ZETHD. HL ZOBEBROEEICERROOTII L, fIAITHEE
N60~64 DTN —"T (i =9) Tid B, =10.89 L7z>THD. TORIBED TN —TX
DHPRPRNELTZ> TS, ZHE B, DHEEICANZB.22)ITBNT. 60~64 HRDY
W—TDREFT—ANH- D RERFEEREE x, 2. TOREDT N —TITHRTRRNSINT

SELIDOTNV—TORE— ALV ERRIIHRBEN (x, =8670 M), ZIUI/NZERE
95, BEMAICIEIHMLBFELYTICHERTSEHONE LR,
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B2E NHERGENEOREEEZRIT

LERBL TS,
(583 — 2 KEAL)

4. YTal—va kR
COFHTIEIIal—alathOEREHHETS, 8 3-1 8 [Iab—alipih

DOFIE] THHALZEK DT, AHNERHEREDORBFEENRDOIIL. REEEGIED

FEHGGDREW T LS BEEEE {r, 1y 1, 6, g, g5 A} OBRABHEDE

AT B REHA By, i=1,2,., 10, £298 7. BLUOEREREY N, m,

g, x, ZEtETZZ LI T D, ELEREEFHRMNOKEIOFAE Eu, iITDOWTIE,
A HEE LT | = 2 (HEEEH 25~29 T, FETIFHIZERWN) &, i=5

(R EFHE 40~44 KT, 10~14 RO TFHZEHEB) ITEFEBET 5, —HEBL THEMNME
B3N, ZEAERRBRHIEOMRERST, REHHHHELRURERE ¢ CHCEA
R o, NEAIND = 10 (HEFER 64~69 K) O Eu, KHEETS, B
T i =11 (HBEEEH 70 %LU E) ORI —T32 0L NEAERRRGIE (75 %
b)) OMEELERS>THD, K-—RICHFEEERHD 70 BARIEORET L D HIERWREE
R t, CHODEHEE f, NBAINDZENS, ZOTIN—TOH Eu, THEET 5.
e AHERFEXENKEGOA Eu, ITHEAZHRIZONT, i €{2,5, 10, 11} &
24DDTN—TERWO LT THITT B,

NHEEHIEIBEREE {r, 1, t,, t,, g,, &, A} KL TRBHTBH, EEMIC
RO T —AZBET 5,
r—2A:{1 =006, g, =0.207, g, =03, r, =02, r, =0.1}, BXAL {z,, 1,} TF
EHRG DR e THEDLEEERT 5,

r—A AL 2002 EOEROMEEHANTEY, —F [AWERFEESEOHEG T EE
EEHIIFFOAHIIEENR ) EEELTVWS,
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1. Introduction

A few years ago, the professional baseball league in the US and that in Japan were
seemed to be following the same path. They were plagued by the widening competitive
unbalance between rich teams and poor teams, and by the intense challenges from rival
sports leagues that undermine the popularity of the baseball league. These problemé
may drive the baseball fans away from the game, and harm the prosperity of the league
unless some policy interventions are taken. The public opinion asked the league
commissioner to take strong measures to bring prosperity to the baseball league. Since
then, the professional baseball league in the US and that in Japan followed very
different paths. Today, Whiie the former enjoys record-breaking attendance 4 years in a
row and huge revenue, the latter does not show much improvement. One of the key
elements that produced such a difference is the redistribution policy taken by the ML.B
commissioner that tried to improve the competitive balance among teams. The
professional baseball league, however, is a nexus of interests of individuals and groups
such as fans, team owners, management stuffs, players, local communities, etc. An
intervention policy to the baseball league by the commissioner may cause conflicts
among interest groups. For example, consider an intervention that forces every team,
especially the poor team, to invest more to improve the competitive balance and the
quality of games. Baseball fans will be pleased by this because every game brings an
excitement of dead-heat competition (provided that their favorite teams win at the énd)
and because the quality of play is higher. On the other hand, baseball teams may not be
happy if they have to run deficits by taking excessive investment to win. Therefore,
when we try to analyze the effects of intervention policies on the baseball league, we

must be specific about the objective of the policies.
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In this paper, I will analyze the effects of a redistribution policy, which is designed to
maximize the value of the baseball league as a whole, on the competitive balance and
quality of the league. For this purpose, I build a model of professional baseball league
that captures some important characteristics of the industry. Then the model is used to
compare the competitive equilibrium outcome without any policy intervention and the
outcome under the optimal redistribution policy so as to analyze the effects of the policy
on the competitive balance and quality of the baseball league.

Rottenberg (1956), and Sanderson and Siegfried {2003) describe the characteristics of
professional baseball industry. First, each team has monopoly power to some degree
over its franchise territory due to the exclusive territorial right. Second, each pair of
teams jointly produces a "game" as an industrial output. Although the objective of each
team is to win, the quality of the game is higher if the score differential is smaller so
that the competitiveness between the teams are well-balanced. In addition the revenue
from a match between good teams is naturally higher than a match between bad teams
because of the challenges from rival sports leagues. Third, each team participates the
"rat races" to acquire good players to win games and to attract more fans. The rat races
are said to be the reason for the sky-rocketing players' salary and the worsening
profitability of each team. (Whittney (1993).)

Although the baseball industry, as stated above, is a nexus of interests of many
groups, the model in this paper places a main focus on the relationship between teams
and fans so that our approach is related to El-Hodiri and Quirk (1871). In the model, a
team's revenue is increasing in the number of fans, the competitiveness of the team, and
the quality of the baseball league as a whole relative to the quality of rival sports

leagues. The competitiveness of a team is measured by its winning percentage. On the
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other hand, the quality of baseball league is defined in such a way that it is higher when
the competitiveness among teams is more balanced, and/or when each team invests
more for winning.

Because of the differences in the number of fans among teams, combined with the
territorial right, a team with more fans is richer and stronger. This is the main source of
competitive unbalance and quality deterioration of the baseball league. On the other
hand, in a competitive equilibrium without any policy intervention, the baseball league
is plagued by two sources of inefficiencies that prevent the league from achieving the
maximum value. First, the rat races may force each team to take excessive investment.
Second, when a team plans future investment, it may not take the contribution of its
invéstment to the quality of baseball league as a whole. This implies that each team's
investment has a positive external effect on the quality of the league. Therefore, each
team tends to under-invest in the competitive equilibrium.

Under these assumptions, I solved the model for a competitive equilibrium solution
and for an optimal solution that maximizes the value of baseball league as a whole.
Because the optimal redistribution policy is designed to induce each team to voluntarily
choose the optimal solution, I compared the competitive equilibrium solution and the
optimal solution to see if the optimal redistribution policy improves the competitive
balance and/or the quality of baseball league relative to those in the competitive
equilibrium.

It turns out that the optimal redistribution policy does not necessarily improve the
competitive balance nor the quality of baseball league. There are two reasons for this
outcome. First, if the winning percentage is a relatively more important factor for

raising revenue, then each team tends to take excessive investment in a competitive
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equilibrium. In this case, the optimal redistribution policy will induce each team to
invest less. Second, if the marginal return from winning one more game is larger for the
stronger team, then the optimal redistribution policy may induce the stronger team to
invest more than the weaker team. For example, if a good player is available at $1
million a year, the player may be more valuable to the baseball league as a whole if he is
assigned to play for a larger town franchise.! Because of these two reasons, the optimal
redistribution policy may lower the quality of baseball league, and may widen the gap in
competitiveness between strong teams and weak teams.

The optimal redistribution policy, on the other hand, may improve the competitive
balance and/or the quality of baseball league if the quality of baseball league is
relatively more important factor for raising revenue. The optimal redistribution policy
may try to narrow the gap in competitiveness between strong teams and weak teams in
order to attract more fans. In addition, if each team does not take the contribution of its
investment to the quality of league as a whole, then the optimal redistribution policy
may encourage each team to invest more in order to internalize the positive external
effects of investment on the value of baseball league.

These observations suggests that the importance of winning percentage in raising
revenue works as a centrifugal force for the competitive balance among teams, while the
importance of quality of baseball league works as a centripetal force. Whether the
optimal redistribution policy improves the competitive balance and/or the quality of

baseball league depends on the balance between these two forces.

! This observation is pointed out by Rottenberg (1856} as an analogue to allocating
production activity between plants in a joint production process such that the optimal
allocation may assign larger share to more productive plant so that the marginal return
is equated across multiple plants.
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This research is organized as follows. In the remaining part of Section 1, I will quickly
review the structural problems of the professional baseball league in the US and in
Japan. In Section 2, I will describe the structure of the model of professional baseball
league. Then the model is solved for a competitive equilibrium. Section 3 consists of two
sub-sections. First, the optimal solution is defined as the sequences of capital of each
team that maximize the baseball league’s value. Second, the optimal redistribution
policy, which is designed to induce each team to choose the optimal solution, is derived.
In Section 4, I will conduct some numerical analysis to see the quantitative implications
of the theorems derived in Section 2 and Section 3 with respect to the effects of optimal
redistribution policy on the competitive balance and the quality of baseball league.
Section 5 summarizes the analysis, and provides a consideration for future extensions.
1-1. The Structural Problems of Professional Baseball league.

A few years ago, the professional baseball league in the US was plagued by the
widening gap in competitiveness between rich teams and poor teams, and by the intense
challenges from rival sports leagues. The commissioner's office of MLB reported that in
2005, the highest team payroll is 7.8-times larger than the lowest, and no team (except
the San Diego Padres, which ranked the 16th of the 30 teams) below the bottom half of
the team payroll ranking made into the playoff games. (The New York Yankees is the
highest at $207 million, and the Tampa Bay Devil Rays is the lowest at $26 million.)?
Obviously, the difference in the ability to spend for winning leads to the difference in
competitiveness between rich teams and poor teams, that in turn leads to the lower

quality of games. On the other hand, in order to maintain well-balanced competitions

% In 2006, the New York Yankees is the highest at $207.5 million, and the Florida
Marlins is the lowest at $21.1 million.
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among teams, the rival sports leagues such as NFL and NBA adopt strict rules on the
management systems such as payroll, free agency, trade and draft, etc. In 2000, the
Blue Ribbon Panel of the Commissioner's Office reported for the House of
Representatives that, for the baseball league to regain its popularity and profitability, it
must adopt stronger redistribution policies to correct the competitive unbalance
between rich teams and poor teams. (The Blue Ribbon Panel Report {2000).) The Blue
Ribbon Panel also reported that more than the two-thirds of the teams run deficits. In
fact, two of the lowest income teams were about to be unfranchised at the end of 2001
season. One of the main reasons for this is the excessive bidding by teams on free agent
players. Quite often, teams offer multiple-year contracts to good free agent players.
Although the scheme may enable a team to tie good players to the team for extended
periods, it also involves risks if the free agent players turn out to be less productive than
the team expected. In addition, the involvement of the agents who represent and
negotiate for players at free agencies, trades, and drafts are also regarded as one of the
reasons for sly-rocketing payrolls in recent years. Since then, the league adopted several
redistribution policies. Although a careful evaluation of the effects of these policies is
needed, the competitive balance and the profitability of MLB seem to have been
improved very much today. At the end of 2006 season, the commissioner Bud Selig
announced that the "revenue sharing has produced parity, which has produced
increased attendance”.

In Japan, the professional baseball league faces the similar structural problems. The
baseball is introduced to Japan more than 100 years ago. Then the teams are organized
to form a professional league in 1936. Currently, the Japanese professional baseball

league consists of the Pacific League and the Central League. Each sub-league consists
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of six teams. There is a large difference in income between the two sub-leagues and
within each sub-league. Although the income statistics are not disclosed, the Pacific
League is supposed to earn twice more than the Central League. The main reason for
this is the prominent popularity of the Yomiuri (Tokyo) Giants that belongs to the
Pacific League. The Giants is owned by the nation's largest newspaper company
Yomiuri Shinbun. Yomiuri uses its nation-wide broadcast TV company Nippon Hoso to
air all the Giants games. Because other teams are mostly oriented to local markets, the
Giants achieved the largest national popularity. The popularity generated a huge
revenue, at the gate, from sponsors, and from merchandize sales, which enabled the
team to accumulate good players. At one stretch, the Giants won the championships
nine seasons in a row (1965-1973). The introduction of the free agent system in1993 was
expected to improve the competitive balance among teams. It turned out, however, the
implementation of the system is biased in favor of the rich teams. Combined with the
introduction of the "inverse draft system", in which a draftee is allowed to choose a team
he wants to play for, the free agent system, the draft system, and the trade rules
enabled rich teams, especially the Giants, to assemble good veteran and rookie players.
As a result, the competitive balance in the Japanese baseball league was further
deteriorated.

Despite the extreme skew in competitive balance toward a single team, the Japanese
professional baseball league prospered to some extent. There were three reasons for this.
First, there were no alternative professional sports (except Sumo) as popular as
baseball. Second, the match with the Giants generated a large revenue for the Pacific
League teams. Third, the expenditure by an owner company to offset its team's deficit is

tax-exempt. Therefore, the owners used baseball teams for advertisement, and for tax
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shelter.

Since early 1990s, all of these three elements began to work against the Japanese
professional baseball league. In 1987, the international satellite division of the nation's
public broadcast station NHK began to air MLB games in Japan. Many Japanese
baseball players went to America to play for MLB teams since mid-1990s. The J-League
(the Japanese professional soccer league), started in 1993, turned out to be a huge
success. The emergence of domestic and international rival sports leagues eroded the
baseball popularity in Japan. In fact the TV rating of the Giants games has been
declining since mid-1990s. The declining popularity of the Giants depressed the revenue
from the sales of broadcasting right and the sponsorship. The Pacific League teams can
not depend on the revenue from the match with the Giants any longer. In addition, it
became difficult for the owner companies to keep offsetting the deficits of baseball teams
because of the post-bubble economic recession since early 1990s. In 2004, Kintetsu
group withdrew from the baseball management of the Buffaloes by proposing a merger
with the Blue Waves owned by Orix group. Kintetsu group suffered from declining retail
sales business and local railway services during the long recession. The contraction of
the Japanese baseball league ignited the first-ever strike by the players association.
Although the contraction is avoided by enfranchising a new team, the Rakuten Golden
Eagles, the incident brought the structural problems of the Japanese baseball league up
to surface.

1-2. The Structure of the Baseball League Management, and the Commissioner's Role.

In the US, the management system of MLB consists of three components. Each team
deals mainly with the local market of its franchise territory, while the commissioner's

office, consisting of the representatives from each team, deals with the national and
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international markets. The commissioner takes responsibility of the management of
MLB as a whole with the ultimatum decision making power bestowed upon her/him.
The current system evolved through several reforms since the inception of MLB in 1903.
The commissioner's role in MLLB management system was intensified by the reform in
1921. The reform was aimed to clean up the system that had been damaged by the
Black Sox Scandal of 1919. The commissioner's role was further intensified by the
reform in 1984 through several amendments of the MLB Constitution. In order to
maximize the value of MLB, the commissioner adopted several measures such as the
"luxury taxes" to redistribute the league revenue from rich teams to poor teams, the
salary cap rule, the reverse draft system, the free agent system, etc.?

The management system of the Japanese professional baseball league consists of the
Executive Committee consisting of the representatives from each team, the
commissioner's office (NPB; Nippon Professional Baseball) and the commissioner, and
the Board of Owners consisting of the representatives from each owner company. The
commissioner system was introduced to the Japanese baseball league in 1951. Unlike
MLB, however, the decision making in the Japanese baseball league is exclusively done
by the Board of Owners. In addition, there is no jurisdictional rules, unlike the MLB
Constitution, for the league management in Japan. The decision making is done by the
discretion of the Board of Owners where the owners of rich teams always have strong
influence. Because of the lack of legal framework and the minor role assigned to. the

commissioner, the Japanese professional baseball league fails to adopt any drastic

3 The free agent system started in 1976. The system was expected to improve the
competitive balance among the teams because the marginal return from investing on a
good player is higher for weaker teams. It turned out, however, that the free agent
system seems to generate rat races among teams in bidding for good players and to
boost each team's payroll. See Sanderson and Siegfried (2003).
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measure to solve the structural problems that hit the league especially hard in recent
years.

The Japanese professional baseball league has its share of incidents since the
inception of the league in 1936; The Dark Mist Scandal of 1969, which is a counterpart
of the Black Sox Scandal of ML.B. The conflict between the Yomiuri Giants and the
Hansin Tigers over signing a rookie pitcher Suguru Egawa in 1978. The conflict
between Hideo Nomo and the Kintetsu Buffaloes over Nomo's contract with the Los
Angeles Dodgers in 1995. The merger between the Kintetsu Buffaloes and the Orix Blue
Waves, and the following strike by the players association in 2004 that is stated in the
previous subsection. In almost all of these incidents, decisions were made exclusively by
the Board of Owners in discretionary manners, and the commissioner played no
leadership role. In fact, the incumbent commissioner Yasuchika Negoro, who has had a
prominent career as a lawyer, once commented in a newspaper interview that "the
Baseball Agreement (the Japanese counterpart of the MLB Constitution) does not have
a legal framework. ... The Japanese professional baseball league is a nexus of teams
that are weakly connected one another. ... Although the commissioner is said to
represent the league, it is not assigned any managerial authority." (Nihon Keizai
Sinbun la Japanese newspaper for business and economics], 2004.)

The strike by the players association in 2004 season forced the Board of Owners to
open a talk with the players association. Although any practical measure was not
derived from the talk, they agreed upon having regular talks in the following seasons to

deal with structural problems of the league.

2. Model, and Competitive Equilibrium
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In this section, I will describe the structure of the model of professional baseball
league. Then the model is solved for a competitive (market) equilibrium.

The model is described as a discrete-time, partial equilibrium model in which the
interest rate is exogenously given because the baseball industry is not large enough
relative to the national economy to affect the credit market.

I will start with the description of a general I-team model. The equilibrium analysis,
however, will be limited to a 2-team case because the objective of the analysis is to
reveal the complex relationship between optimal redistribution policy and such
industrial characteristics as competitive balance and league quality that emerge even in
a most simplistic 2-team case.

2-1. Baseball Fans

Each baseball team 1, i = 1, 2, ... , I, has N, fans. Naturally, there are large
differences among N,'s due to the population differences across each franchise. A
representative fan of the i_th team chooses { m, , z,, s,,,,,t=0, 1, ...} to solve the

following long-run consumption-saving planning;

2.1 max i( ! )u”, 0< p<1

S\ 1+p
subject to
@2  wu,=y,lnm, + ¥, Inz,, t=012, ...,
@3 my+ z,+s,,,=y,+U+r)s, ,£=0,1,2, ...,
given{{ y,, r,,t=0,1,2,...}, s, }.
In the lifetime utility [equation (2.1)], P is the subjective discount rate, and the utility
in each period t [equation (2.2)] consists of the spending 1, on the i_th baseball team

and the spending z, on other goods and services. Y, is the weight on the utility from
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m.,and W,

i . 1s the weight on the utility from z,. It is assumed that y, depends on

the winning percentage of the i_th team P, and the quality of the baseball league 0,
relative to the quality of rival sports league X, in the following way;

2.4 Wiz:(Piz)a(Qt/Xt)ﬁr 0< a<1, 0<.B<1

where
I

@5  P,= (w,/Y, w,)(1/2).
j=1

In (2.5), w, is the i_th team’s number of wins.* The quality of the baseball league Q, is
measured by the geometric average of each team's capital stock. (See Assumption 2 in
the following subsection.) Therefore, given the aggregate capital of the baseball league,
the quality is maximized when the capital stocks, as well as the competitiveness, of
every team are equalized. These assumptions together imply that a team's revenue,
given the number of fans, is maximized when its winning percentage is somewhat

larger than 1/2. (See Figure 1.)
(Insert Figure 1 here.)

(2.3) is the budget constraint in period t where y, isincome, s, is saving balance, and
7, is the interest rate. In the following, the income is assumed to be exogenous and
constant at y, = y . The interest rate is also assumed to be exogenous and constant at

r, = r because, as stated before, the baseball industry is not large enough relative to

*In (2.5), the winning percentage is multiplied by the constant I/2 because P, = 1/2 for

all i when each team's competitiveness is perfectly balanced, i.e., w;, = w,, =...= w,.
See Kessene (2005).
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the national economy to affect the credit market. In addition, we assume that the
subjective discount rate p is equal to the interest rate 7 in order to obtain steady
state equilibrium of the model.

Under these assumptions, a representative fan's utility maximization implies that
the optimal expenditures are shown to be
26 m,=y,, t=0,1,2, ..,
@en z,=Y,, t=0,1,2,...

Because there are N, fans for the i_th team, the aggregate spending on the i_th team is

(28 R,= N,m,= Ny, = N,(P,)*(Q,/X), t=0,1,2, ....

2-2. Baseball Team
In the absence of any redistribution policy by the league commissioner, the profit of the
i_th team II, is given by

(2.9) I1

it Rit - C(Iit) + Bi,t+1 _(]‘+r)Bit =012, ...,

where R, is the revenue, which is given by (2.8), I, is investment, C([,) is the cost
of investment, and B, is the outstanding debt. Assume that the i_th team’s
competitiveness in period t depends on its team-capital K, which is improved through
investment as follows;
210 K,,,,=(0-8)K,+1,, t=0,1,2,...,

where 0 < § <1, is the depreciation rate of team-capital. The team capital K , may
consist of such human resources as players, coaches, managers, and supporting stuff. In
addition, it may include physical equipment such as home ballpark including its

interior and exterior facilities, off-season training environment, analytical devices for

tactical and strategic purpose, and anything that will help the team to improve its
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competitiveness. Let us assume that the i_th team’s winning percentage P, in period t,
which is defined by (2.5), depends on its capital K ., relative to other teams’ captal in
the following way;

Assumption 1.
7 I

@1D B, = (w, /Y, w,)I/2) = (K,/ Y K,)(I/2)
j=1 j=1

In addition, as stated before, let us assume that the quality of baseball league as a
whole (), is measured by the geometric average of each team's capital stock as follows;

Assumption 2.

1/1

I
212 9 =|]] k.

j=1
Assumption 2 implies, for a given level of aggregate capital stock K, = Z;l K, ,that
the quality O, of the baseball league is maximized when K, = K,, = ...= K, .

Therefore, by (2.11), O, is maximized when each team has the same winning
percentage, B, = P, =...= P, = 1/2. For example, when I = 2, the solution to { max
0, = (K, XK, )"? subject to K, + K,, = K. }is K,, = K,, = K /2. (See Figure 2.)
We take the geometric average of the product of each team's capital stock in order to
avoid the increasing returns to scale in the league commissioner's optimization problem

of Section 3.5

(Insert Figure 2 here.)

® Suppose the quality O, is defined by the product of each team's capital stock. In this

case, if each team's capital stock increases by X2, then the quality increases by x 2T .
Because the league commissioner internalizes the quality externality of each team's
capital stock, the optimal solution may not be bound due to the non-concavity of the
commissioner's optimization problem.
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By solving (2.9) forward, the value of the i_th team at period 0, V., ,is given by

1

. vV, = — (I - _
2.13) 7, 20, (1+rJ [R, -~ C(I,)]-(1+7)B,

provided that lim (1+7)™ B, ,,, =0 holds.
1 —>oo

L+l

2-3. Competitive (Market) Equilibrium

In period zero, each teami,i=1, 2, ... , I, chooses a sequence of capital { Ki,,+1 ,t=0,
1,2, ...} to maximize its value V,, subject to the investment equation (2.10), given K 0
and B,,. It is important to specify what is under the control of each team i from its
point of view when choosing its own capital sequence. Let us assume the following with
respect to each team’s subjective environment;

Assumption 3.

(a) In period zero, each team i takes other teams’ capital sequences {{ K. ,t=0, 1,

'
2,..4,i=1,2,...,1, j#i} as given.

(b) In period zero, each team i recognizes the effect of its choice of capital sequence
{ K, ,,1,t=0,1, 2, ..} onits winning percentage { P, ,t=0, 1,2, ...} which is specified

1

by (2.11), given K,y and{{ K, ,t=0,1,2,..},j=1,2,...,I, j=i}.

Jt
(c) In period zero, each team i takes the quality of baseball league { 0 ,t=0,1,2, ..}
as given.

Under assumptions 1 ~ 3, each teami,i=1, 2, ..., I, in period zero chooses { K.,,Jrl , t

1

=0,1,2, ...} to solve the following problem;

max Vo= > (1——) [R, - C(I,)]-(1+7)B,
=0 +r

- 152 -



% 3E The Effects of Optimal Redistribution Policy
on the Competitive Balance and the Quality of Professional Baseball League

subject to

o

B
>k (2| %
j=1 Tt

I,=K,.,~-(1-68)K,,t=0,12,..,
given

H{K,,t=0,1,2,..}%j=12..,1, j=i},
{0 ,t=0,1,2,..},

{ X,,t=0,1,2,..}, and
{ Ky, By}

Let us denote the solution of this problem by x; =1 K‘,z+1 ,t=0,1, 2, ...} and its

dependence on other teams’ capital sequence by
(219 H,(x;; k4)=0
Where k=11 K.’t+1 , t=0,1,2,..},j=1,2,...,1, j#1i} Denote the system of

J

reaction functions with respect to k¥ ={x;,i=1,2, ..., I} as follows;

I
2.15) H(x)={ H(x;; k5),i=1,2,..,1}: [ %7 - K
i=1

Let us define the competitive (market) equilibrium as follows.®

Definition: A competitive (market) equilibrium of the baseball industry is the solution

5 This definition of competitive equilibrium is a “open-locp” solution of dynamic games.
An equilibrium of a dynamic game is a profile of strategies such that no player has
incentive to deviate from its strategy given other players’ strategies. There might be
many strategy profiles that constitute equilibria of the baseball league model of this
paper. The purpose of this research, as stated in the introduction, is to show complex
relationship between the optimal redistribution policies and competitive balance and
league quality that may emerge even in a simplistic equilibrium strategy profile like
open loop solution. Of course, it might be interesting to analyze the effects of optimal
redistribution policy on competitive balance and league quality in equilibia consisting of
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k" to H(x'™) = 0 such that (2.12) is satisfied, i, O, =([_, K2, t=0,1,2,....

2-4. Two-Team Model
In the remaining part of this paper, the analysis is limited to I = 2 team model. The

teams are named as “A” and “B”. Team A chooses { K a1, 8=0,1,2, .. } to solve the

following problem;

(2.16) max V= i (——J [R,—-C(1,)]-(1+r)B,
r

subject to

o 8
K
(217 R, = N,| ——& 23 ,6=0,1,2, ...,
KAZ +KBt X

t
@18 I,=K,, -(-8)K,,t=0,1,2,..,
given
{ K, ,t=0,1,2,...},
{10 .t=0,1,2,..},
{ X,,t=0,1,2,..}, and
{K,, Byt
Team B chooses { KB’,Jrl ,t=0, 1,2, ...} to solve a problem that is symmetricto A’s.In a
competitive equilibrium, the league quality must satisfy
219 O, =(K, xK,)"?,t=0,1,2, ...
Let us assume that the investment cost function C([7) is convex with respect to / as
follows;

Assumption 4.

different strategy profiles.

~ 154 -



% 3E The Effects of Optimal Redistribution Policy
on the Competitive Balance and the Quality of Professional Baseball League

(2.200 C(I)=nI"*/1+x), N >0, x =20.
By substituting the equilibrium condition (2.19) into the first-order condition of team

A’s problem, we have the following reaction function of team A;

(ST k=

1+
N,0(K, K;)
K/zll—a (KAI + KBT )1+a XZ:B

@21  H, (KK Ky 3K s Kp s Kp 1) =

0= MKy - $)K,, T -0+ MK, (1= 8K, J}=0.
The first-term on the RHS of (2.21) is the marginal return from investment on the value
of team A, and the second-term is the marginal cost of investment. Similarly, the
reaction function of team B is expressed as follows;

142
NB a(KAt KBI) ’
K;—a (KAI + KBt )Ha Xtﬁ

(2.22) Hy(Ky 005 Kp, > Kz, 15 Ky KysKyy) =

+0-0M[ Ky, ., -(1- 8K, ¥ -+ rIn[K,;, -0- 6)K,, , F}=0.
(2.21) and (2.22) constitute a system of second-order simultaneous difference equations
with respect to {K ,, , K, ;t=12, ...} given the initial capital stocks {K ,,, K} and
the quality of rival sports league { X .3t=0, 1, ... }. In the following, we limit the analysis
of {(2.21), (2.21)} to the steady state so that we can clarify the effects of policy
intervention on each team's investment behavior.” By dropping the time subscript "t"
from (2.21) and (2.22), the competitive (market) equilibrium {KY , K} at the steady

state is the solution to the following system of static simultaneous equations;

2

1
N,a(K,K,) ?
K (K, +K,)"* x?

(2.23) H/(K,,K;)= - (r+6M6*K* =0

" The dynamics of difference equations system {(2.21), (2.22)} around steady state might
be interesting. Depending on the characteristic roots of the system, K,, and K,

might converge monotonically to the steady state, or they might alternate power
rankings.
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1+
Nya(K,K,) 2
K2 (K, +K,)"“ X"

@24 H,(K,,K,)= — (r+ &MS*KE=0.

(2.23) and (2.24) are explicitly solved for the competitive equilibrium solution as follows;

1

(21 I ) oy
~aty 2
(2.25) K = NAOC(NA/INB) :
(1+<NB/NA)[2‘““‘])”"‘X"<r+5>nax
&=
(2.26) Kgl = (NB/NA) 2-a+y Kﬁl

From (2.25) and (2.26), we have the following theorem;

Theorem 1.
> >
(a) KY 3=} KY « N, {=% N,
< <
M M
0 2K g oama 2K o
0X

(©) When N, = N,= N,

1

No 1-f+x
227 KM= KM = KM = .
4 g 2 X (r+8)mo*

In the competitive equilibrium, the winning probability of each team and the league

quality are

K " Ky

(228) P)= —4 | =8
Y &Y ¢ 7K+ KM

0" = (K K})"*.

Therefore, Theorem 1 is restated in the following way;
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Corollary 1.
> >
(a) P/ <=t PY o N, {=}: N,
< <
PM M
() oF, =0 and 0P, =0
0X 0X
M
(0 90" <0
0X

Corollary 1(a) implies that a team with more fans is stronger. Corollary 1(b) implies
that an increase in the quality X of rival sports league does not affect the winning
probability of each team because it causes K ff and K ;4 to decrease by the same
percentage. Notice that, by (2.26) and (2.28), PAM and Pg,w are shown to be

independent of X as follows;

1 1

P/ =11+ (N,/N,)>“] and PY =1l (N,/N,)>"* +11].

Corollary 1(c) implies that an increase in X causes the quality of baseball league to
decrease. The intuitive reason of this observation is straightforward. As X increases,

each team invests less because the marginal return from investment is smaller.

3. The Optimal Solution and the Optimal Redistribution Policy

This section consists of two sub-sections. First, the optimal solution is defined as the
sequences of capital of each team that maximize the baseball league’s value. Second, the
optimal redistribution policy, which is designed to induce each team to choose the

optimal solution, is derived.
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3-1. Optimal Solution

* *

Let us define the optimal solution as capital sequences { K, ,,, , Kz, ;t=0, 1,

2, ... } of each team that solve the following problem;

max Vo=V + Vi
{KA.1+I’KB,H-1}:°=0

subject to

-~

(-3 1 ! .
0= D, (m) [R,-C(I,)]-(1+r)B,, i=A,B,

o B
p-nf—% V(2] iiam
KAI+KBI Xl

0, = (K, <K, )"

‘[it = K,

e —(1-8)K,, i=A,B,

given

{ X,,t=0,1,2,...}, and

UKy, By Kgos By
In other words, the optimal solution maximizes the value V, of the baseball league. In
addition, it improves upon the two sources of market inefficiencies. The first source of
inefficiency is a "rat race" problem in the competitive equilibrium. Suppose B in the
definition of each team's revenue R, = N, (P,)” (Q,/ X, )? is small so that the league
quality Q, is not important. Consider the effect of lowering K «+ and K, by the same
proportion. Clearly such an operation will increase the value of baseball league because
it reduces each team's investment cost while keeping each team's revenue intact
(because each team's winning percentage K, (K « 1t K;) is kept intact). In a

competitive market, however, small values for K, and K 5 Mmay not constitute an

equilibrium because each team has an incentive to increase investment as long as the
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net return from the deviation is positive given the other team's choice of small capital.
In other words, each team in competitive market tends to invest too much relative to the
optimal level because of the rat race problem. We expect that the rat race problem is
larger when ¢ is relatively larger than 3 in the definition of each team's revenue R, .
The second source of market inefficiency is a "quality externality" problem. In a
competitive market, when a team plans investment, it may not take its contribution to
the quality O, = (K, xK )" of baseball league. Because the competitive market fails
to internalize this positive externality, the market equilibrium solution { Kfz , Kj;f }

tends to be smaller than the optimal solution { K: K; } . We expect that the quality

t bl
externality problem is larger when ,B is relatively larger than « in the definition of
each team's revenue.

By arranging the first-order conditions 9V /0K, =0 and 0V,/dK, =0, and by

limiting the analysis to the steady state as before, we obtain the following system of

simultaneous equations with respect to the optimal solution { X : , K; ¥

81D F(K,,K;)=

- 1B
N, OHE[H[&H — N, a—ﬁ[u(&)] [&] (K, Ky) °
2 K, 2 K, Ky

K (K, +K,)™ xP

-(r+ 8)IMé*K*=0

62  Fy(K,,K;)=

1-o 1+E
N, a+£[1+[5&)] - N, a—ﬁ[n(&ﬂ (-K—BJ (K,K;) 2
2 K, 2 K, K,

K (K, +K,)"™ X7
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~(r+ 8)ME*KZL =0.
Like (2.23), the first term on the RHS of (3.1) is the marginal return of K 4 on the
leagues value, and the second term is the marginal cost. The same interpretation
applies to (3.2) as well. Unlike (2.23) and (2.24) for the competitive equilibrium solution,
however, (3.1) and (3.2) can not be solved explicitly for an optimal solution. Based on a
local analysis, however, we are able to derive some properties of the optimal solution
{ K : , K _,: } with respect to the competitive balance and quality of the baseball league

that are comparable to Theorem 1 of the competitive equilibrium.

Theorem 2. If (3.1) and (3.2) have an interior solution { K; , K; }e R, then it

++ 0

satisfies the following properties;

> >
(a) K, 3=} K, © N, <=} N,
< <
K* *
() oK, <0 and 2 <0
0X

(e When N,= N,= N,

1
. . . N 1-B+x
(83 K,=K,=K = 5 B X
2°XP (r+6)né*
The proof of Theorem 2 is given in Appendix at the end of this paper. In the proof, we
show that a sufficient condition for the optimal system {(3.1), (3.2)} to have an interior

solution{ K, , Ky} e R2, is{ Q,= N,(a + B) - Ny(ot - B)>0,and Q, =

Nyla + B)- N,(a - B)>0}. Forexample,if N, = AN, with A > 1, then Q,

\Y

Q. In this case, for Q, > 0 to hold, we need to assume
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(3.4) o< {(A+D)/(A-D} B .
This restriction will be imposed on the numerical analysis of Section 4.
If team A and team B choose the optimal capital stock, K Z and K; , the winning

probability of each team and the league quality are

(3.5) P:E__;E_A—;.’ P;E%, Q*E(K:K;)l/z-
K,+K; K,+K,

Therefore, Theorem 2 is restated in the following way:;

Corollary 2.
> >
(a) P, =t P, & N, {=¢: N,
< <
(o) ai =0 and 0F; =
0X 0X
() 00 <0
0X

The proof of Corollary 2 is given in Appendix at the end of this paper.

Theorem 2 and Corollary 2 imply that the optimal solution { K 2 , K ; } has the same
properties as the competitive equilibrium solution { K f , K ;’1 } has with respect to the
competitive balance and the quality of baseball league, i.e., a team with more fans is
stronger, and the quality of baseball league decreases when the quality of rivai sports
league increases.

An interesting question here is if the competitive balance and/or the quality of
baseball league improve under the optimal solution relative to the competitive

equilibrium solution. Before answering to this question, however, let us turn to the
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analysis of the optimal redistribution policy that induces each team to choose the

optimal solution.

3-2. Optimal Redistribution Policy

Assume that the baseball league commissioner is authorized to conduct redistribution
policy so as to induce baseball teams to choose the optimal capital stock.

Under the redistribution policy, the value of team A and the value of team B in the

initial period zero become

t= ~ /4

(3.6) V= 3 (%J[(I—TA)RA,—[ ! )C(IAI)+MA,]—(1+;’)BAO
s v 1

(3.7 Vo = i (—-1—] [(1——1'B)RB,—(1 ! )C([Br)+MB,]—(l+r)BBO .

o\ 1+7 ;o

In (3.6) and (8.7, fori=A and B, 7, > (<) 0 implies a taxation on (subsidy to) R,, while
Y; > (<) 0 implies a taxation on (subsidy to) investment cost C([,). M, is a lump-

sum transfer. At t = 0, team A solves the following problem;

max 14
- A0
{KA. t+1 }I=0

subject to

& B
Ry= N[ =22 || 2] i=012...
KAI +KBZ X

:
I,=K,,,-(01-08)K,,t=0,12, ..,
given

{ K; ,t=0,1,2, ..},

{0 ,t=0,1,2 ..},

{ X,,t=0,1,2,...},
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{1, v, {M, t=0,1,2 ..}} and
UKy, Byt
Team B solves a problem that is symmetric to team A’s. Then the commissioner sets
{1, Tp, Yy Va M, , M, :t=0,1,2,..}}soas to induce team A and team B to
choose the optimal solution { KZ’,H , K;,H 5t=0,1,2, ..}
After substituting the market equilibrium condition Q = (K ,x K ;)" into the first-
order condition of each team’s optimization problem, and by limiting the analysis to the

steady state as before, we have the reaction function G, (K ,,K;) =0 for team A and

the reaction function G,(K ,, K, ) = 0 for team B as follows;

1+8
- 2 <
(38  GK,.K,)= O fj)NAa(KAff) - (r+6)mé* Ki _
K (K, +K;)"" X -y,
1+8
- 2 X X
3.9  Gu(K,,K,)= A-7,)N, (K, K;) > (r+6m6*Kf _

Ké_a (KA +KB )1+a Xﬁ I_YB
Notice the equivalence between the taxes on (subsidies to) revenue and the taxes on
(subsidies to) investment. For example, set Y.= Yz =0in (8.8) and (3.9). Suppose T y
= 7, and 7, = T, are the tax rates that induce each team to choose the optimal capital
stock{ K, K, }. Then setting 7, = 7,=0, ¥, = T,,and ¥, = 7, in (3.8) and
(3.9) brings us the same result.® For this reason, in the rest of the paper, we set Y=
Yz =0in (8.8) and (3.9), and seek the tax rates { ”L'; R T; } on each team’s revenue that
induces the optimal solution { K, , K }.

From the comparison between (3.8) G,(K,,K,) =0and 3.1) F,(K,,K,) =0,

and from the comparison between (3.9) G,(K,,K,;) =0and (3.2) F,(K,,K,) =0,

8 This is similar to the “equivalence between income tax and sales tax” in the optimal
taxation literature.
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we have the following theorem with respect to the optimal redistribution policy { TZ ,

T, 5
Theorem 3.

N K* - i K* 1l N K* — T
(.10 71,=—£| =4 _.ﬂl_,_ 4 1+ 22| 24

N, K, 20 | K, | N,| K,

N K* - B K* - N K* —o —~
(8.11) T; = —4 f - i 1+ f 1+ —4 E

Ny K, 2a i K, | N, | K,

where K, and K are the optimal capital stock.

Several comments with respect to the optimal redistribution policy are in order;

* *

Comment 1. From (3.10) and (3.11), the optimal redistribution policy { 7, , 7, }

satisfies

: . N K\ °
(3.12 71, T, & —2+ 4= [ f) :

Comment 2. From (3.10) and (3.11), the optimal redistribution policy { 7 Z , T ; } also

satisfies

3.13) 7 = 0

n®
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3149 1, {=¢ O

\%

* \l-a ® O\~ #*
o 1-& & K_f = ﬂ 1+£ Kf +Kf
2a |N,| K 20| N, | K, K

Because the last terms on the RHS of (3.13) and (3.14) are positive, a necessary
condition for { 7, >0and 7, >0}is & > /2. On the other hand, if o < /2, then
the optimal redistribution policy must involve subsidy to the revenue of each team, i.e.,
{ T; < 0 and T; < 0 }. (The implication of this observation will be stated below in
Comment 4.)

Comment 3. From (3.10) and (3.11), when N, = N, = N, the optimal redistribution
policy { 7, T, }is

(3.15) T,=1,=7 =1- 2B/a).

This result is also obtained by setting N, = N, = N in (3.8) and (3.9) to have

1
(3 16) K = K KG — [ (1—T)N(X ]]—ﬁ+x
. y 2 .

2% xP (r+6)n6*

Then K€ is equated to the symmetric optimal capital stock K " (3.3 by setting 7 =1
- 2B/w).

Comment 4. When N, = N, = N, the symmetric market equilibrium capital stock

K (2.27), the symmetric optimal capital stock K~ (3.3), and the symmetric optimal

redistribution policy (3.15) satisfy the following relationship;
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\%
AN
\2

61D a {=} 2B o K K" o 1" 3=V 0

AN
\%
N

The economic interpretation of (3.17) is given as follows. When ¢ is relatively larger
than f (& > 2f), each team tends to over-invest in the competitive equilibrium
because of the rat race problem. In this case, the commissioner must depress each
team's capital stock by taxing (" > 0) investment. On the other hand, when f is
relatively larger than a (& < 23), each team tends to under-invest because of the
quality externality problem. In this case, the commissioner must increase each team's
capital stock by subsidizing (7" < 0) investment. Finally, when « =2f. the forces of
over-investment (rat race) and under-investment (quality externality) balance so that
the commissioner needs not interfere the competitive equilibrium outcome. In a general

I-team model, the optimal intervention rule (3.17) is expressed as

\Y
\Y

(3.189 « [II-DIB o 1

Il
o

When I =2, (3.18) is identical to (3.17).

4.  The Effects of Optimal Redistribution Policy on the Competitive Balance and
Quality of the Professional Baseball League

In section 3, we saw how the redistribution policy is designed to replicate the optimal
solution {K; , K ;}. In this section, we compare the optimal solution and competitive
equilibrium solution {K f , K ;4} to see if the redistribution policy is consistent with the

improvement in competitive balance and/or quality of baseball league. To do this, we
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numerically solve { H (K,,K;) =0, Hy(K,,K,;) = 0} for the competitive
equilibrium solution { K% , K¥ }, and { F(K,,K;)=0, F(K,,K;) =0} for
the optimal solution { K, , K, } because of difficulties in obtaining a closed-form
solution for the optimal first-order system { F,(K,,K;) =0, F,(K,,K,;) =0}.

In the following, we provide the definition of the "improvement in competitive
balance" and the definition of the "improvement in the quality of baseball league" in
subsection 4-1. Then we state our conjecture about the role of model parameters in the
effects of optimal redistribution policy on the competitive balance and the quality of
baseball league in subsection 4-2. Finally, we provide the results of numerical analysis
in subsection 4-3.

4-1. Defining the Competitive Balance and the Quality of Baseball League.

In the following, without loss of generality, let us assume that team A has more fans
than team B. This assumption is expressed as N, = AN, where 4 > 1. Fori=A, B,
because the winning percentage of each team iis P, = K,/(K, + Kj), the ratio of
winning percentage is P,/P, = K /K , .In Section 2 and Section 3, when N, > N, ,
we saw K1 > K}’ holds for the competitive equilibrium solution, and K, > K for
the optimal solution. Therefore, when N, > N, the ratio of winning percentage
satisfies PBM / Pf = Kﬁl /K f < 1 for the competitive equilibrium solution, and P; / P;
= K;/ K:; < 1 for the optimal solution. From these observations, let us define the
following;

Definition: An optimal redistribution policy is said to improve the competitive balance of
baseball league if
41 K K,> KJIKY

holds.
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On the other hand, because the quality of the baseball league is expressed as QM =
(K KY)Y2 for the competitive equilibrium solution, and Q" = (K, K;)"? for the
optimal solution, we provide the following definition for the quality improvement by the
optimal redistribution policy;

Definition: An optimal redistribution policy is said to improve the quality of baseball
league if

42 K, K,> KYKY)

holds.

Figure 3 depicts the improvement in the competitive balance and the quality of
baseball league. In the figure, the horizontal axis measures team A's capital K, and
the vertical axis measures team B's capital K, . The figure overlays a half-line and a
hyperbola that intersects at the competitive equilibrium solution { X j’[ , K ;}4 }.
Because the slope of the half-line is Kgf /K f , and because the upper-contour set of the
hyperbola consists of the points { K 4 » Kj } of better quality, if the optimal solution
{ K Z , K ; } belongs to the shaded area of Figure 3, the optimal redistribution policy is

said to improve both the competitive balance and the quality of baseball league.
(Insert Figure 3 here.)

4-2. The Role of Parameters on the Competitive Balance and the Quality of Baseball
League.

Before providing the results of numerical analysis, let us state our conjecture about
the role of parameters on the competitive balance and the quality of baseball league.

The parameters we chose for the analysis are (i) o the preference weight put on the
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winning percentage P, = K,/(K, + K;) by each fan of team i, (i) 8 the preference
weight put on the quality of baseball league Q = (K, K,)*? by each fan, (iii) and the
difference between the number of team A's fans N, and that of team B's N . For the
difference in the number of fans, we also use a parameter A in such a way that N, =
AN, .
We expect the role of these parameters on the competitive balance and the quality of

baseball league as follows;

(i) The effects of ¢¢: As we saw in the discussion of Section 3, the market inefficiency
caused by the rat race problem is larger when « is relatively larger than f . In this
case, because the optimal redistribution policy discourages the excessive investment by
each team, the quality of baseball league will be depressed by the policy when ¢« is
large, ie.,, O =(K, K,)" < Q" =(K¥ K})".On the other hand, because « is a
weight put on the winning percentage F in team i's revenue R = N, P* (Q/X )ﬂ ,
and because the marginal return from investment to revenue is proportional to the
number of fans, the optimal redistribution policy, which is designed to maximize the
value of baseball league V; = V,  + V., , will allow the larger franchise team to
accumulate more competitiveness than the smaller team when « is large.® Therefore,
| for a given set of parameter values { N > Ny, B}, the competitiveness between the
teams will be less balanced by the optimal redistribution policy when « is larger, i.e.,
P,IP, = K, /K, < PY/PY = KYIKY .

(ii) The effects of B: When f is larger, the magnitude of under-investment by each

team is also larger because of the quality externality problem. Therefore, when f3 is

° For example, if a star player is available at $1 million, the player will generate the
larger return to the baseball league as a whole when he plays for the larger franchise
team.
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larger, the quality of baseball league will be improved by the optimal redistribution
policy because the policy encourages each team to invest more, i.e., Q" = (K Z K;)”2 >
o" =(K f Kg[ )2 . On the other hand, for a given set of parameter values { N s Ny,
o }, when [ is larger, the optimal redistribution policy will improve the competitive
balance between the teams because [ is the weight put on the quality Q in each
team's revenue, and because the quality is improved by closing the gap in
competitiveness between the teams, i.e.,, P, /P, = K,/K, > PYIPY = K) /K.
(iii) The effects of { N, , N, }: Assume that the total number of baseball fans are
constant N = N, + N, .For a given set of parameter values{ & , 8 ,. N }, consider
the effects of an increase in the number of team A's fans. (In this exercise, AN, =-AN,
> 0 holds.) For each team i,i = A, B, marginal return from investment to its revenue R
is proportional to the number of fans. Therefore, the optimal redistribution policy, which
is designed to maximize the value of baseball league as a whole Vo=V, + Vg , may
skew the competitive balance toward the larger franchise team. As a result, the optimal
redistribution policy may widen the gap in competitiveness between the teams, and
lower the quality of baseball league, i.e., P;/P, = K,/K, < PY/PY = K¥ /K and
0 =(X, K)"2< " =(K M KY)¥2  This observation is pointed out by Rottenberg
(1956) as an analogue to allocating production activity between plants in a joint
production process. In this case, the optimal allocation may assign larger share to more
productive plant so that the marginal return is equated across multiple plants.

On the other hand, in a competitive equilibrium, an increase in the difference
between N, and N, may cause the difference between K% and K to increase and
the quality QY = (X ff K é” )" to decrease more than the league commissioner wishes

to prevail. In this situation, for a given set of parameter values { o , B }, and for a
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given total number of baseball fans N, the optimal redistribution policy may narrow
the gap between K, and K, so that both the competitive balance and the quality of
baseball league will be improved as the difference between N, and N, widens, ie.,
PjIP, = K /1K, > PY/P" = K¥/KY and Q" =(K,K;)"*> Q" =(KY K/ ).

It is not clear which one of these two outcomes will emerge. Therefore, we will
investigate our conjectures and questions by some numerical analysis in the following
subsection.

4-3. Numerical Analysis.

In this subsection, we numerically solve { H (K ,,K;) =0, H,(K,,K,) =0} for
the competitive equilibrium solution { K% , X } , and { F(K,,K,;) =0,
F,(K,,K;) =0} for the optimal solution { K, ., K, }.Then these two sets of
solutions are used to analyze the effects of optimal redistribution policy on the
competitive balance énd the quality of baseball league.

The numerical analysis is conducted through the following four steps;

Step 1: We assign{ » =0.05, 6 =0.1, X =1, 11 =1, X = 1}. 7 is the interest rate,
0 is the capital depreciation rate, and X is the quality of rival sports league. 11 =1
and ¥ =1 imply that the investment cost C(7) is linearin I,ie., C(I) = I. (See
(2.20)). Notice that when 77 =1 and ) = 1, given the initial value {K ,,, K,}, the
competitive equilibrium sequence {K Z, K f;l, ;t=1,2, ..} generated by the second-
order dynamical system {(2.21), (2.22)} immediately reaches to the steady state {KY,
Kgl} because of the absence of capital stock adjustment cost. The optimal dynamical
system has the same property in this case.

Step 2: We fix the total number of baseball fans at N = 10. Then we divide the fans

between team A's N, and team B's N, as the following three cases. (The parameter
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"A"is definedby A = N,/N, )

(A=1)

59
4, (A =15)

Casel: N,=5, N,
Case2: N, =6, N,
Case3: N, =7, Ny,=3, (A1=73 = 2.33)

Step 3: For0< o <land0< f <1,wedivide{ 8, & }-plane into 100X 100 grids

of the same size. For each of three cases with respect to N 4 and N, in Step 2, we solve

{H, (K, ,K;)=0, Hy(K,,K;)=0}for{ KY , K },and{ F,(K,,K,) =0,

F(K,,K;)=0}for{ K: , K;, } for each one of 100X100 { « , B } combinations.

Step 4° Based on the numerical values of for { K% , KXY } and{ K o> K }foreach

one of three cases with respect to { N,, Ny }, we depicts the area of { « , B }in{ B,

o }-plane where the competitive balance is improved by the optimal redistribution

policy, and the area where the competitive balance is improved.
Some remarks are in order.

Remark 1: In the proof of Theorem 2, when A > 1, we show that a sufficient condition

for the optimal system {F,(K,,K;) =0, F,(K,, K;) =0} to have an interior

solution {K;, Ky} e R, is @ < {1 + DAA - 1}B. Therefore, the numerical
analysis is conducted on the parameter space © ={(ax, $);0< a <1, 0< B <1,

o <[(A +DAA -DIB }.Forcase 2, A =6/4implies o < 5f, and for case 3, 1 =7/3

implies ¢ <258 .Forcasel, A =1 implies a <[(A + DA - 1] B is unbound.

Remark 2: Although the quality Q = (K, K;)"?is defined as a geometric average. of

each team's capital so that it is linearly homogenous with respect to K, and K, the

league value optimization problem by the commissioner, who internalizes the quality
externality, may fail to be concave when the weight B on the quality of each team's

revenue is close to one. Therefore, we numerically evaluate the Hessian matrix of the
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optimal first-order system { F,(K,,K,;) =0, F,(K,,K;) =0}at{ K,, K,},
and excluded the cases in which the Hessian matrix is not negative-definite.

For each one of the three cases with respect to { N, , N, }, the results of the
numerical analysis are summarized as follows.

Case 1. { N,=5, N,=5, (A=1)}

In this case, we need not depend on numerical calculations because, from the analysis
in Section 2 and Section3, we saw that Kff = Kg = K", K: = K; = K, and «
{>,=,<}28 & K {<,=,>} K".Therefore, P, = P, =1/2, P} = P} =1/2,
Q" =(K,K)"= K", Q" =(KY K))”= K" suchthat o {>,=,<}28 & Q"
{<,=,>} QM . Figure 4 depicts the area of { & , B } where the quality of baseball
league is improved by the optimal redistribution policy. In Figure 4, the horizontal axis
measures 3 € (0, 1), and the vertical axis measures ¢ e (0, 1). In the figure, the
optimal redistribution policy improves the quality of baseball league ( Q* > QM ) when
{ a , B } belongs below & = 2f line. Otherwise, the optimal redistribution policy
lowers the quality ( Q* < QM ). The intuitive reason for this observation is already
stated in comment 4 of Theorem 3. When f3 is relatively larger than ¢, each team
tends to under-invest in the competitive equilibrium due to the quality externality
problem. Therefore, the optimal redistribution policy encourages each team to invest
more. As a result, the quality of baseball league improves relative to the quality in the
competitive equilibrium. On the other hand, when o« is relatively larger than ﬁ , each
team tends to over-invest in the competitive equilibrium due to the rat race problem.
Therefore, optimal redistribution policy discourages each team to invest less. As a result,
the quality of the baseball league declines relative to the quality in the competitive

equilibrium.
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(Insert Figure 4 here.)

Case 2. { N,=6, N,=4, (A=15)}

In this case, the number of team A's fans is 1.5 times larger than team B's. Figure 5
depicts the effects of optimal redistribution policy on the quality of baseball league. In
Figure 5, the horizontal axis measures f e (0, 1), and the vertical axis measures ¢ e
(0, 1). The blue-shaded area is a set (0, Dx(0, D?O.If( « , B )e (0, D)x(0, 1)? O, then
the optimal first-order system { F,(K,,K,) =0, F,(K,,K,) =0} may not have
an interior solution. The red-shaded area is a set of { @ , B } where the optimal
redistribution policy lowers the quality of baseball league relative to the quality in the
competitive equilibrium ( Q" < Q" ). The yellow-shaded area is a set of { o , 8 }
where Q* > QM holds. Figure € depicts the effects of optimal redistribution policy on
the competitive balance of baseball league. In the figure, the blue-shaded area is a set (0,
Dx(0, 1)? ©, the red-shaded area is a set of { @ , 8 } where P,/ P, < PY/ P} holds,
i.e., where the optimal redistribution policy widens the gap of competitiveness between
team A and team B, and the yellow-shaded areais a setof { & , f } where P}/ P; >
PBM/ PAM holds. Figure 5 and Figure 6 show that, as we expected, for a given set of
parameter values { N > Ny, o}, as [ increases, the optimal redistribution policy
tends to improve both the competitive balance and the quality of baseball league. The
intuitive reason for this observation is stated before; As 3 gets relatively larger than
O, the importance of quality O gets relatively larger than the winning percentage R
of each team for the commissioner's league value maximization problem. Because the

quality of baseball league is improved by increasing the capital of each team, and by
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closing the gap in competitiveness of team A and team B, the optimal redistribution
policy improves both the competitive balance and the quality of baseball league when

B is relatively larger than o .

(Insert Figure 5 and Figure 6 here.)

Case3.{ N,=17, N,=3, ( A =7/317233)}

In this case, the number of team A's fans is 7/3 ?2.33 times larger than team B's. The
effect of optimal redistribution policy on the quality of the baseball league is depicted by
Figure 7 which corresponds to Figure 5, and the effect of the policy on the competitive
balance is depicted by Figure 8 which corresponds to Figure 6. These figures also
confirm our conjecture about the role of ¢ and f3; As [ gets relatively larger than o,
the optimal redistribution policy tends to improve the quality and the competitive

balance of baseball league.

(Insert Figure 7 and Figure 8 here.)

Let us turn to the consideration about the role of differences in the number of each
team's fans. The comparison between Figure 5 and Figure 7 reveals the role of the gap
between the number of tem A's fans and team B's in the effects of optimal redistﬁbution
policy on the quality of baseball league, while the comparison between Figure 6 and

Figure 8 reveals the role of the gap on the competitive balance. These comparisons

10 Tn the numerical analysis, the commissioner's league value maximization problem
tends to violate concavity when f3 islarger than 0.68. Therefore, in Figure 5 ~ Figure 8,
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suggests that in the competitive equilibrium, for a given set of parameter values { o ,
B }, an increase in the difference between team A's fan size and team B's causes the gap
in the winning percentage to increase and the quality of baseball league to decrease in
such a way that absolute sizes of these changes are more than the league commissioner
wishes for. Therefore, for a given setof { & , B }, the commissioner may try to improve
the quality and the competitive balance of baseball league when the gap in fan sizes is
large, while the commissioner may let the competitiveness between teams to be less
balanced and the quality of baseball league to be lower when the gap in fan sizes is
small. This conjecture is seen from the comparison between Figure 5 and Figure 7, and
from the comparison between Figure 6 and Figure 8. As the measure A of the gap in
fan sizes increases from 1.5 to 2.33, the yellow-shaded areas in these figures ( Q* >
QM in Figure 5 and Figure 7, and P; / P; > Pé” / PAM in Figure 6 and Figure 8) seem to
expand. For example, fix & and 8 at @ =0.7and f = 0.6. Then, while the optimal
redistribution policy increases the gap in team A's winning percentage and team B's
when { o =0.7, B =0.86, N,=6, Ny=4, ( A =15)}in Figure 6, it decreases the
gap when{ & =0.7, B =06, N,=7, N, =3, ( 1 = 2.33)}in Figure 8 The
similar tendency with respect to the quality of baseball league is seen form the

comparison between Figure 5 and Figure 7.

5. Conclusion
As stated in the introduction, until a few years ago, the professional baseball league in
the US and that in Japan alike, were plagued by sky-rocketing salaries of players,

partly due to rich teams’ bidding on free agents, and by competition from other

the area of { (¢ , B) | B >0.68} is excluded.
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professional sports leagues. The first of these incidents may cause the distribution of
good players to be skewed toward rich teams, while the second may deteriorate the
quality of baseball league due to lower returns to investment. Nowadays, however,
while the professional baseball league in the US has improved the competitive balance
and profitability, the Japanese counterpart has not showed much improvement. One of
the elements that produced such a difference might be the redistribution policies taken
by the MLB commissioner. In this paper, we analyzed the effects of optimal
redistribution policy, which is designed to maximize the value of baseball league as a
whole, on the competitive balance and the quality of baseball league. In the model of
professional baseball league, each team’s revenue is assumed to be dependent on the
number of fans in its franchise territory, its winning percentage, and the quality of
baseball league relative to that of rival sports league. The baseball league, on the other
hand, is plagued by two sources of market inefficiencies. First, the teams are involved in
a “rat race” in raising winning percentage which induces the teams to take excessive
investment. Second, when a team plans investment, it does not take its contribution to
the league’s quality into account. Such a behavior by each team results in under-
investment by the league as a whole. Because of these two sources of market
inefficiencies, the optimal redistribution policy by the baseball league commissioner
must be designed to correct these two inefficiencies.

The main findings are summarized as a series of theorems. Theorem 1 states thatin a
competitive equilibrium without any intervention by the league commissioner, (a) the
larger is the number of fans of a team, the higher is the winning percentage of the team,
(b) an increase in the quality of rival sports league causes the quality of baseball league-

to decrease because of the lower returns to investment. Theorem 2 states that the
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optimal solution exhibits the same properties as the competitive equilibrium solution
does with respect to each team’s winning percentage and the quality of baseball league.
Theorem 3 characterizes the optimal redistribution policy which is designed to replicate
the optimal solution by correcting the two sources of inefficiencies mentioned above. We
saw that when taxes on each team’s revenue (or investment cost) are used as tools to
correct the inefficiencies, the relative degree of the two sources of inefficiencies
determines whether the commissioner should use taxes or subsidies (negative taxes).
The commissioner should tax on each team’s revenue (or investment cost) in order to
discourage investment when the “rat race” inefficiency is stronger than the “quality
externality” inefficiency because, in this case, each team tends to undertake excessive
investment. In the opposite case, the commissioner should subsidize each team’s
revenue (or investment cost) in order to encourage investment.

The numerical analysis in Section 4 supplemented the theoretical analysis of Section
2 and Section 3. In the numerical analysis, we controlled the model parameters to
confirm that the optimal redistribution policy by the league commissioner tends to
improve both the competitive balance and the quality of baseball league compared to
those in the competitive equilibrium when the quality is relatively more important than
the winning percentage in each team's revenue. We saw as well that the commissioner
may try more to improve the competitive balance and the quality of baseball league as
the gap in the number of team A's fans and that of team B's gets wider because the
widening gap causes the gap in team A's winning percentage and team B's to increase
and the quality of baseball league to decrease in such a way that these changes are
more than the commissioner wishes for.

The analysis of this paper will be extended toward several directions. I will list some
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of them in the following. First, needless to say, our results depend on the specification of
each team's revenue function. In our model, each team's revenue is dependent on the
number of its fans, its winning percentage, and the quality of baseball league as a whole
relative to the quality of rival sports leagues. In addition, the quality of baseball league
is defined as the geometric average of each team's capital stock O, = (I-[j= X K, )1” S0
that, for a given level of aggregate capital stock K, = ;1 K P the quality is

maximized when every team's capital stock is equalized, ie., K;,, = K,, = ... = K.
Although we believe that our specification of revenue function is reasonable, it is also
important to check if our findings are robust to alternative model specifications.
Second, in the numerical analysis of Section 4, the comparison of market equilibrium
and optimal solution is based on the static first-order systems, even though the
structural model is specified as dynamic optimization problems, because of the absence
of capital stock adjustment cost. If the investment cost function is convex due to stock
adjustment cost, the analysis will involve the higher-order difference equation systems.
In this case, on the transition process toward the steady state, the competitive
equilibrium system and/or the optimal system may exhibit a monotonic convergence or
a cyclical convergence depending on characteristic roots of the system. It may be
interesting to see if the system exhibits cyclical movements such that the teams
alternate relative positions With respect to winning records. It may be interesting as
well to apply different equilibrium concepts other than the open-loop solution erﬁployed
in this paper. The teams may be able to avoid the rat race problem of excessive bidding
on good players if they can agree upon such strategies as the "trigger strategy", "tit-for-

tat", etc. Of course the objective of this paper is to analyze the observed regularity of

baseball league and to derive empirical and normative implications. Therefore, the
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employment of variety of dynamic game equilibrium concepts must subject to these
lines as well.

Thirdly, the analysis is this paper may be used to quantify an optimal redistribution
policy, To do this, we need to derive the optimal first-order system for a general I-team
model, and to obtain the good estimates of parameter values { {N,i=1,2,..,0, o, B,
r, 8, M, X 3. To do the latter, some econometric estimation of each team's revenue

function will help.

Appendix:

Proof of Theorem 2:

Theorem 2(c) immediately follows from (3.1) or (3.2).

Theorem 2(a) is proved by the following 3 steps;

Step 1. It can be shown that F,(K 1>K5) =0has a unique intersection K j >0 with a

45-degreelinein{ X, , K » J-plane such that

1
AD Kj={Q,/[2" X (r+8ns*]} P | Q, N,(@+B)- Ny(x—-B) .

Similarly, F;(K,,K,;) =0 has a unique intersection K ; > 0 with a 45-degree line in

{ K;, K, }-plane such that

1

A2) Kp={Q /2" X (r+&)ms* ", Q
B B B

Ny(a@+B) - N,(a-pB).

(A.1) and (A.2) imply the following relationship;
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(A3) K; Ki © Q, {=¢ Q, © N, <=} N,.

Step 2. Let 6, denotes the slope of F,(K,,K,;) =0at K,= K, = K in{ K,

K, }plane. Then, it can be shown that

2(1_ﬁ+X)QA +(NA +NB)[a(1"a)+ﬁ2]
(N +Ny)lo(1-a)+ ]

>

a9 6,-=

Similarly, the slope 6, of F,(K,,K;) =0at K, = K, = K, in{ K, , K, }-plane

is shown to satisfy

2(1_’,3'*')()93 +(NA +NB)[OC(1_05)+)82]
(N, +Np)lo(l-o) + B*]

>

A5 0, =

Step 3. Without loss of generality, let us assume N, > N,.Thenby (A.3), K5 > K .
In this case, if F,(K,,K,) =0and Fy(K,,K,) =0 have an intersection { X ,
K; yin{ K, , K, }-plane, then (A.4) and (A.5) imply that it must be below 45-degree
line, i.e., KZ > K; . (See Figure A.)

Theorem 2(b) is proved as follows. By (A.1) and (A.2), an increase in the quality of rival
sports league X is shown to cause K j and K}; to decrease by the same percentage

because

S N
ne ONKI_dmK; B
dnX omx  1-p

Proof of Corollary 2:
Corollary 2(b) follows from the fact that, by (A.4), (A.5), and (A.6), the slope 6 4 of

F,(K,,K;)=0at K, = K, = K] and the slope 0, of F,(K,,K,)=0at K, =
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K;=K ; do not depend on the quality of rival sports league X , while an increase in
X causes K j and K; to decrease by the same percentage. These observations imply
that an increase in X causes the graph of F,(K,,K,) = 0 and the graph of

Fo(K,,K;) =0 to shift down toward origin by the same percentage. (See Figure A.)
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Figure 1
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Figure 2
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Figure 3 (Assumption: N, > N, )
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Figure 4 ( Assumption: N, > N, )
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Figure A (Assumption: N, > N, )
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