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%1 BT DREOAKEEMEIIONWTER TS, BHOLDIT 1990 FRYEHED
éﬁﬁ%ﬂjwwﬁﬁéﬁ%ﬁ&btﬁﬁxﬁﬁﬁbf\ﬁﬁm@%ﬁ&wmkéﬁﬁ%
FLELEBBBERBELY, Y32—H 751 OIKRESFOEMFEEZEZ L E USRI
W&, HARBEEBEREHE LN, BKIEEEIWD BRI DWW TR S N/ O
BE EF5 & 3HkBn o7z, —HREIHOLREBHREFRFIT o>l & TR
RFICBITBHER - EABOBINICE > T, E - #15 & dKIBRFRFTEREIHE.
ZORRANEFBEEEHE L, 2004 FERICIIEEHE 25D EZAREEER .
GDP @ 1.7 f5IC® 5D ETREINTNS, ,

BABCE - NSERER S ORENERZIC I N BEBCROZREIOTHOKMEREL.
F%&ﬁj%&%ﬁ%:&\®fﬁ$ﬁj%E%&bkﬁ%ﬁﬁﬁ&%@%ﬁxﬁid®
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TEBRIALNTND, B 1 BETERTIAHEFEZLI DN THLERINE 3 DOREIN
HEINTWEOREN, BLIZHERON{KFELFEL. 20 3 DOREDONT X
MEDESITHREIN TV EWIEFER (positive) 72HTL, T2 3 DORE
DINT > AT D TH o7z EWHHEE (normative) 7272H7Z2. LAFIZHBWN
TiRAB D,

FR U7z & 2 ICBREOARERFYIE GDP O 1.7 FICb R ANERZ8->TH
D, INE/EMIGRFHEZDE D DNRERBELELLZ>TRDN, TNERRITK
Bl (RREANZNEZETOBAZRMIANWTEZD] EVWIETHS., ZHIFE
EENIZRO LD ICENRT ZEMNHK DS S, BIBIHAF (2002 FXK) BT HHRED
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2O 25 OEAIE ST, EOROIIMEEAERESNIZA] &S ETHS,
RIS TR O B AR &> TEA SN, #imI1ckB b S hi-ft
AR, REORETHIC B S MRS 210k > TRY T LAk D, —HER
REED S BN & > CER S N5 HA OMIMEEL. Sk L7 TAMEM 3 >
DRE] DFEL BEERIEIC &> T ONILENRS B35, -2 THLLOE. &
BEE, B ARRMICE S EAMLEE N30, [THROREEE % ARHmeEs
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DEES, FITIIHBHEEORELEE L, HFICERNICEST 2B ELIL2
AFHOUBEEE EOLS LA B E VoI EMBITFENBES5, BIEEDE >N
FIEEAEBERICOVTIE. TATH) BT S HI - MEE E AR TER D702,
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ERT L, ERBREOREIEETERESOEOMBICNZOM, &L b AR
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TIERHBE55, RABIOBCBNT, UEOLSBRBOT T, REOA LT
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DEBARILEHB L 72 £ T, UTFOMEORME S5, AEEICET M F— 170
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LIFREBGEDORETRE 3 DOBENIDONT, NEFEEFLELZER2ITD. B
HICIE. 1990 AR ORI T THEEL L - RE O A 5 #iEH72ME 2 QBIERER. 6
BRI, ROGEROIEGFHREENS 3 DOMEMNSERL. BIIOHMEZMR
WD - LAEER I E TR EAFHED ML — RATER) TRz ET. BEE
TR RERR GBI DWW TOREZHADHDTH D,

BBH 1 = [REOALTEME] B30T, AHBEMBEORE B I UEIRR
BEnS, [EIEM) SHFAFLERBA, H<H 2 B TRMEEERMBAHSHE
PBEOE 3 & [NEHBEEATHME) BV TIE, FHENHKSGGZ2ZRUIERR
ROBMAIIRE L WS, THER) AT EEs2d0TH L.

18 REOEE - BES L UAKIEOBR
1—1. BREHOBR

Seih Licd S ICRENR. 1990 FRUIBOREENMH/ V7V QMUK K5 ARO R
BB, €FE1-1 E”E 1-2 13 1931 £5 5 2003 FETO, REDOEE GDP (1990 £
) BT OREEE TS Tl Ui bOTH B, 1960 FEROBEEREMITH &L 0. 1980
EROEEREMEHARTS, FECBNWTEE GDP ORENERL THD ZENEA
%, (N, TERERSEER. SER BLORAHIHGES. [REIMEHE K0
YERR.) FIBOEMIINE 1-3 O—A%/z0DEE GDP KERICBDENTND, (F—FH
BIZNEE 1-1 E”FE 1-2 ICFAL,) @3 10 £/ (1994 £~2003 F) T3, EH GDP O
ETHRERIT 1.26% E72> T, (AEHIO4E GDP FFERERIL. WilikEDT
FEDTZDIT 0.27% EFEIEKL 72> T B,) /UL (1992) 1. 1960 725 1989 FETO
£% GDP ORERICK LT, RERFOFEERAT S I &Ik T, HKilf (RERE
M) . FA. RUHBOSSEEHELTWDEA, TIUCED SREREN (1960 F~
1973 4) OEE GDP ETHRMER 9.9%3, Hif. EA. RUHBO 3 DIECTE A
VERLEZERES THBTES Z &, I AEHEHE O —FIERE 2133 472 1980
FERTIE, EE GDP ORER 3~4%13. HiEHBOMNcd> oSN 75, &
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EZ Ly 7 DEEIZHBOMMA TN ZZ EE2RLTWS, ZhICH LT, WEFICL 225
13 EEFEFREEE (2001) T 1980 L& 1990 £ROEE GDP DFEICDNT,
MESRAVER ) 2RV MEEMER) CED<. Fil NBERER O9HEF->T
WD, THUTELD & 1980 FROBEMRERIT 3~4%T. Hifi LEROFSENEN > 7=
~ﬁT\%@@%%Eﬁﬁ#ot:&%%mbfmé,:né%®ﬂﬁ(wm)@ﬁﬁ&
EARTHD &, 1980 FRIZEADOBBRIEN 572 (under-utilization) DITHL T, 3
BITONWTIRATF - Bl b E WS, AOBEDEILIC & 2 BB CHERLUIBD TWeZ
EORBIND, HITER 13 FERFHBEZEOOHICEIUE. 1990 FIRFTHEEEED
GDP BIERERIL, &% 2%& 1%L NS X D1T, 1980 EREHB L TAEEFTL TS
D, ZOREIHMN, EF, ROHBBLNTH I%EBEETFLEZIE, BICHBOSS
BN A F B> TLEO> TV I LZEHL TS,

—TRRE R R EMEAR T B LR OER E (2003 /) 12k, 1990 £/ D
ARDSBENIZBNTD, HEROHBEEEDAEETUAZRTIEIRNW &R s h
TWBM, TNTHEE 14 ERE 15 RSN E5 10, REELOMOED, 1980 4
REDHBTIIELETLTHBD. THUT 1990 FEREEITBITDELERD FENRED X
2 Z&ZE- T EAOFEHEHFFIERL. ZO7DBUFOFBRINDE X O F
BREHXABRELS T2 bDEBHNS,

1—2. AHEFOBERR

FICRZED I, BEOREI 1990 FAMEI DERDFGENTBO, ZO=DEAFR
BB AR AR E @ﬁﬂlﬁfiﬁ’}‘?‘% T, B & DB OIEK & AR S RIS &k
TED LU EN, REREED FRENANEFRRESEOBAEND, BROELE -
59T LB o7z. BTFREBNTIEZOX I BAKMFOHMBURRE, HetF—ick-
TEEL<ATNnL,

B2 1-6 13Fk 16 FEEDO—RIF FRBAB L OBHALE 82.1 kHOWNRERLT
Wa, BB, TBEGHEL . 20044, ) I TS RIERIRE (24.1%) . EEE (21.4%).
GBI AT (20.1%) DIBICAES, ALFEERE (9.5%) NI, /-
EER EHTINBIRZAREND [EBHRE] 20 T—EBH 13240 58% &7
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BIEL B2 TWBIEM NS, BO—RIFHIDWT, # - EHNZEEZRZHD
HEE 1-T~FE 1-10 TH . [ 1-7 13 1985 45 5 2003 LFI2HFTO—23H GDP
BROT 57 THB, ZOTT7I2ENUI—H=5tOxt GDP HEid 1980 FEREH5
1990 FEARFTHITMT TIL 16%H1HE TEE L TWz—75 T, 1990 ERLIEIT LR ®EmD D 17%
RETHEL TWD I NGNS, THIRIEHICEAE GDP OfUOMERLZZ &I
HHEKTZHDEEDND, KE 1-81d 1985 Fn 5 2004 FiZMT TO—RIJETEHITH
FAFEREHOI 7 OFEIIDODVWTCREZDBDTHD. ZOF T 7ICKIUTRIEEE
BREDT =713 1980 ERBEIIEN - 72HOD, 1992 FELREEEML/N T )L O FHEICH
iof:K?Riﬁ%t}b“C“/::YﬁfJ:%bf::&‘ ¥7z 2000 FLREITS =7 UK T EMICD
5T ENND, HETRER, HARMRRZMRO T o VAR EERRBEOS 27 &
HAHHRHEZRETNSEZETH S, ZHUT 1990 FROANFHICHBIT B NHEEZEOE
ﬁﬁm$ﬁﬂﬁﬁﬁwfﬁbﬁﬁ6\%@éﬁKDMTMEmﬁﬁﬁﬁﬂot:&ﬁﬁ%
EXBEREOEVWI L7 ELTHENTWADOITH U T, 2000 FLARIIHAIZBNWTH A
HEZIDBZAROMBENREIT/ZD, DLAHAFICL > TREENES THHIHHK
MBIEMEOS 27 R ERLTHS Z EABA SN, AL IORTOVTIE, HAES
Flokn THFBMEE) CHL T, HARMBICE S, Fil TE&HE) 2MTbh T
T EBENTRESEVESS, BICHE 18 LT EERO =7 I THEBL
TWsZEE, HDF - BELOETFICE A AOBEDELZRKERL T, H2REEGRED
TV N—BLTLEEERICHS I ENDND, FIBEEICODVWTIIEBIRRITIWE
BEE->TWEZE, BIWERNICERESONEAES 18 15 12 N&ETB L
DHEENTNWEIENS, HEEBEEREDOS =7 O LEERIZY2H < T LN TES
N CNEEEED LRI ST, —REFORKENSEICETFT S EABRENS,
B 1-9 13 1972 S0 5 2004 FEIZTNTTO. BO—REBFHRAICBT 2 RMERFEDH
BETSTIILIZbDOTH D, 1970 FAREEITITAMEREORIUERITHAL /22 &,
77 1980 ERUTITFRCK & DI CEIF EFEIC L D NFILARBERPR SN2 2 &I2X - T
INMERBEEN LR UM, 1980 £ RITIIFIC L 2 BIUBIC X > TABKRERIZET
L7z, Z0O% 1990 FRITB &, RICRZE D IC—REFHRHIE 16%~1T%THE L T
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WE—H T RRODIBIAED LIz Z Eh 5, AEKEESEE LR LT Eat
BB,

ZDOEIIT 1990 FERYFELED, R I BBUNF R ERBBGEICE > T, ANMEKE
BENERLZZEMS, ANEBES DARICHEEL T\ 5, K% 1-1013 1976 455 2003
FXPTTOEEMS OEBREN GDP LEES I TIZLAEbDOTH S, A OBEHR
PUCDOWTIAEE 3 BITRL BRBAN DX 5T BIIEEMEOREITBNT. Al
AR GDP FLERIT 1980 £ 5 1990 FERBIEICO T T—REICE T L7512,
1990 ERBEN SIZ—BE L TLEREBTTNS NN 5,

UUED & S 72 BRE DR BURIL %, {1 FEE s OECD 34E &tk L TH- b OH™E 1-11

~HR 1-16 TH D, FZK 1-11 13 1979 £ 5 2005 FITMTTO T—BBUE ] LD, Bf
BRFxt GDP LEOBZZ, HA, 7AUHSRE, RAY, 7522, A¥UT. A
FUR, BEOHFFO T HECDOWTHRTHESOTH B, (BB 13RE
(ED. #ABRF. BIOHERRERED SBREIND, 2005 £ONEITTFEETH 2.,
F—%13 OECD Economic Outlook, No.58, December, 1985, #X 7\ No.75, June, 2004
RV, ZOY T 7S REO—BBIFHFIOMBORT. MEE e 2 & 1980 4
RELRBEIFLE 572000, 1990 FRITITRFICHRFIBAMEA L, 1997 4 LI Hsst 5
EOHCRAE 0TS T EANSE, —7 1980 M 5 1990 LERFTE I/ THIE
FREMBOTRENST2AF )T EHF L, 1990 FRHED 5 HBORRAKEL TN D
M AZUTIE 1992 EOY—A R b FETAZESNE [EU BT 372001013,
MBIRFZ GDP O 3% AN S 25T &) EVWSEHEZ U T TBEDICRALET &,
KN T T BUNK 2 UET B H 5 IV — VB LI 2 EAHEE L,

& ZATHARO—RBFFHFOHMBFRED. TNETOBERNEROTFEEEZ 21
I3, ARSI OB I bR & S LEA DB, BEEFHOLT - Bl
£i3. BACEARBOTIIARL, 1 OECD #ETHREICEFLTWAR. HAD
BEIDTF - EILOERT A P — ROBEIC A TREICEN Z SABEE NS, [ME 1-
12 BEAOZEDS 65 MU EAOOHEEZRLTREA, ZORDS BREOHT - &
R LAMBE & Hhd U TREICEA TWS 2 & 4397 5, (United Nations, "U.N. World
Population Prospects, 2000.) I X > I HRE D42 FIEHIE DL TH 2 AHILE S ]
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BIBOSE I 1990 R E TIIALEEHERFORBFICL > T, £2FEORFIEIMA 51
TV &, FRETIIHAREEE O BF@EABEITH N Uiz, —RBUFERRM
OEBUE DEEN, A REFHEBHEZEAEEE ERVEBETY, BE—HTHX
3cieo TEFENSMN D, EREFE R 1980 ERBEOHBEFIIONTS, HE
MRREEIE 2RO U725 aE, IRBUT & S BUR & &b R MBI —B L TR
ez E D, REIST - BBLAEA T D00, TOMEAHE > KM
& AT 72010, ADBRIZHBIE <. T O R REHIE OEERS T
%%ﬁ%@ﬁﬂﬁ&@%@%ﬁ@ﬁgtﬁmfm‘%@ﬂwxwﬁﬁﬁﬁﬁiﬁéiﬁé
LS B EERENSE TV, LA LA SR AROHRRERET TOT - &l
(EDERICHEF L2 EM D, A RREE EH BUE O RFIRITBEITHE/N L. TFITH
WTIEAESEIE - ANEREREEE DICREERLBENFEL. BFICL 77T
OREEDRBREEISOBH LANELRDDDH B, §BULIES AT - Bk
HERNES 2 ENTFRINTNS Z N5, HECHSEEHECLEANHRSND
1513 AL EEEM BN OFRFEOILR L. 07z —RBUFEAEDOMBU DR
FIFOFEICHEAL T WIReERH 5.
E%114m%&&&@u%ﬁm%ﬁé~%&ﬁ%m®,7?4?U~N5yxﬁ(mP
FLED 1979 £ 5 2005 EINTTOEE 2 RIzbDTH D, (F—F OHIMIZEE 1-11
LRAUTH2.) 751V —NT P AIFHOLDITHINE, DMERERVIREEO
2l LTRSS, ANEBRBEOMBEREROBOBEE LS, JORD S BRI
E@E§1{1&@%t‘E$®7547U—N5>1M1%0¢ﬁ%¥#51%0@&%
DICNFTEETH>-HOA, 1990 ERPEUFERFLL, RFWOILALLIE, —
FHEOR S E 755> TS50 OECD 3£EIE 1990 FREBHFICTIAIU—NT L AER
?mbt:&\%K1%0Eﬁm%ﬁ%ﬁ®%@otﬁﬁU7&ﬁfﬁﬁ\E%Kﬁ%m
BRI R ELAER L2 EIc& > T 1990 ERITTA Y- NT I AZREUE
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L7z Z ENRIn5,

IR & D IET 51T — N T > AR O ER 2 B HRE 7m0, %
Bt 1990 ERPEDBEOBRED 751U —NF > ZA0BE 3. —REFRMAONERS
DORBEZIRBL THY., ZOIZEIEFNKE 1-115 ITRNTNS, HFE 1-15 [3FE OECD #
EH 2B 5 —REFFEHRF O NRIEBRE T GDP LLEOEX 2, 1979 F)5 2005 FiTH
FTREDDTHS, (F—F DHIEIRE 1111 EAUTHS,) %EEORE 111 (@
BURFE) LRZE 1'114 (54U —NFT2RA) DEFRINZXIDIC, BE 1-15 T
EOABHER RS 1980 FRZLIC—H TR LZEIC. 1990 FRICIFAFCLERL. &
£ TIZEE OECD 3EO T Tl - TR < /> TH . 2005 £i2i2 GDP O 1.7 512K
WZR5OTIHIRW A ETEEINTNWS, —F4ftid OECD H#EIIARIESRE OB %
IEDZEHENTTHB O, BT 1980 FREEEN S 1990 FERFTEITH T TRAMEBERE AL
LizAZ VT ERF A, 1990 ERFELIFE, 3t GDP L TAMBEHEREEZHEEL T 5
ZEWGZIMB,

1—3. AF*EROBK

FEICIE 1-8 TRAK DT, 1985 05 2004 FIT0 T CTEO—ZHICHIT 5 nItH
EBREDT =713, 1980 FEREEIEAITH 57228 1990 FERITIIRTITEE LTS
TTEIAL, TORIIFREFOMEBROLEN S, HHEREICBITDAKELD
BUNITE > T, 1990 FARLSKRY =7 OETHEENBNT NS, ULALENSRAFEE
mﬁw—ﬂéﬂtéﬁéFﬁﬁ%%%%ﬁj@&EBf\ﬂﬁﬁﬁwmx%%m‘%&&
ALE., RFRIast. otk AHZORFKRIEARE, SRR EZBUTEBINTHD., £
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2%

K& 1-16 SHRBEBERTER TBEREER] £, 1985 £, 1990 4. 1995 £, BX
O 2000 FIZDNWTENL7ZHDTH S, TTBHEE] SITE - MFAEREEEN, Ha&
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(ﬁ+ﬁ\mm(m%M)ﬁ%:@%KBmffiﬁgﬁj&M$Wﬁﬁ,%%,ﬁﬁﬁ
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L, B, BEEL R NEY—EX, AREERBEE EARRER
S RS AT AEHERRERE AT, KRR, K, AT E
R L. (LR SIERE, S GRRBREETED), &8 THEAK
BCEELAEE, (EHES) SIHALEK, BRESICEELEEOILT, (20
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2 u'(Em) 2

(2.100 R=-

13U AL TLIT ATHD. &0 EENEORKEBEIIHEEESM Er - R OF
JACEEEFAEE 2D, MEEED S REOEEONMEHRE X 13

21D  ** =(p-c)/ uc’,

FARBOREGE X = Nx* 13

L B A ICBWTIE. CEAMEEERERRE—ER (CRRA) OXFBIKERD
BAEMTL TS, |



w2l [N AEERRRHEEE)

(2.120 X°*=N(p-c)/uc’
Lixb,
@HFERIDALD ., BAHEHIIBIAAKMEEE X, CoHMER p, .
ROEXI IR I NS,
(2.13) X,=N(a-c)/(Nb+uoc?)
214 p,=(Nbc+uc’a)/(Nb+pc?)
F72(2.13)R & 0 —FKeH47= 0 ORI ZTHEIT
215 x, =X, /N=(a—c)/(Nb+uc’)
TH D,
REMFEOBAIX vy, =w- p,x, EBIE,

m

2
2.16) mxwym=[mm—ﬁg%l]+y

LB, —HREMSZOMEFEIT. 1, = p,x, - (c+0x, B QIR 213
®. BLUER.19KELD,

2.17 Eu(rm,) =u|:(p,,, —C)X, — po” (%)’ ]

2
=u[uoﬂa02]
2

LB ENSND, TITHERE Ex, 3

218 Exm,=(p, —c)x, =0’ (x,)’ >0

LB EITHBENE N, REAMEBPITT. 2R HE ORI T HIUL,
BEEEIC BT A HEFEIIY O 258, 218)RIIEBERIEIENEDY A7 T
LI7LEEETEIEERLTWD,

ool BEREES

NZEE NEZELS, 275 A0 BRENBEFICHLT, EMFELRELT
OERRE. { V(X,,9),i=12 ., N; Eu(n,),j=12 .., N} #ZKETHHEE
ARR . EEBGAEO T TRALT 5. AMROME 1 ICEELINTHBY, Ak
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B 1 B OEEER c+ 0 ICDWTESS a vwIREELRWI ENS, BUFIZEST
OEFRHNGEHEIT. X= Nx, Y= Ny, BELU W= Nw &B< &
(219 cX+Y=W

LEEND, UTRBLCSEEERS { X', )} &

{n)}ax} NV(X,y) subject to (2.19)
3 -

CLVWOSEEORET S, CHERBERARHOREEL THBILTRSZ EEEEL TS,
HEZETELD

(2200 X =(a-c/N)/b

(221) Yy =w-cx

THBHIENREND, TIT x =X /N Th», BRERFRIICET2RRORKE

DENAV

b(X)? .
+
> y

(222 V(X ,y)=aX -

THBN, TNIHFSEZREMNBITSHAE V(X,,y,) EDbBREN, EB

2
(2.23) V(X|p)EaX—b;( +w—p]\;Y

EBLE V(X, )= V(X |c) BEOV(X,,y,) = V(X,|y,) THZHN, £
BD X>012D20WT '
(2.24) V(X|c)-V(X|p,)=(p,—c)X/N
=[puoc*(a-—c)/(Nb+uc?)]X/N >0
THO., EEELD
(2.25) X" =argmax V(X |c)
THBHIEMS
(2.26) V(X' |e)2V(X|e)>V(X|p,), VX >0,
MELDILDDT,
227 V(X ,y)>V(X,,y,)
THDIENHND,
EIAT V(X|p,) BBAILTS X & X &BE. X =(a - p,/N)b &73



HoE  [NHAMAEERMBKHERHE

D, ZHUE X, = (@ - p,)b LDHBKEN, BIRTHE V(X|e) & V(X]|p,) @
I TERNTBD,
228 X, < X< X

E12oTND T ENIND,

SRR C BRSBTS L, DFORAERSNG. B 11
B B B AERE TS QIR X, = (@ - p,)b LEEARKIAE X =
(a — ¢/N)Ib BHNTHBE, BEEETIISEADRT ORMERZEHET DK
CHED A NI —/N—3REZELI2NW—F T, AL OFRRRRFE RIS IR
p, EBSTVWBOICKH LT, BEEEARS CIIFEYR THBBURNRIM DA IV F
R AL BT, AR A% D OEREA N E2oTHB,

% o \CESIIEIC B BB p, EARBORRBAZINTRAS L, 219K
8 )

229 p, —c=pc’(a—c)/(Nb+uc®) >0
LhoTNBZEND, BICHBRANELS ICHMIECBWTERIEOHFIIE Ex, =
(p, - c)x, REBLTVBIENDS, 229RFLEDOY AT ERMEWIEHT
BoEE. FL/ HOEEEAORERERGNTOO L E, HEHEITS W TR
R (p, VSN A ORABA QICEL <5 LERL TS, KRN (2.10)
RED, u=0 =MD o?=0 A5E. VAZTLITA R bEOERD, BEOH
SRR AMUEEII AR OBHER TH 2HEAE Ex, = (p,, —c)x, ORXLEE
ERMEITICR 0. BB CEAIRR p, BASMEHEOBRMIZEL <70,
HEfEstoEas,.

%3 OEELT, BHEUEEERSICBTARENKFONA V(X,,,y,) P &E
BERASICBILA V(X ,y ) Kobha<asmid, EllzLdic, BECSH
WTIENERY R T H S BRIV ASE OSMBRENEMLT 5 Z & BRUERIRROEE
B gy 20 BRFOEIHME S Nz EEFNRICBLTIIHERT 201 LT, ArEl
BOTIIARKONBHENEET D&, BEOENCECBIBEERAS a v /D
DI AN AT TLIT LAEERL, JORDICALIEE p, PRAEM c 2
EEDZ EICHET S,



g2 AR EERABKHEEE

%38 ARIETGRIE

%o @TRALS . BEHEEEEN BT SAKMGE X, I BERIEE
2B B AR X AT E B T EMn D, BHESR & LT OB RE
EERSOEEE KM (77 —Z hRAN) BEEETSESS, LhLAERS, B
BRI &5 bONEA NS ELTH, HENIUIADbEEKLRER
EEC BT, BESEEAAT ST Sick>T, B5OF CRERERS 2EFT ST
SIS TEETH S S, COLdBABIIAEE T8A%IT x = X /N 24£E
L. BUMA T AICH LTI RO OB A A S | &S A BT 5 T
LrkoT, KE (BH Y RAZLN) RERESOERERADZ ENEALNS, Lb
LAss Sy OREECB S (7Y 23/, - T—Ux > M) ELTR<ASNT
WBESIC. B (FU I Eh¥ (T—Yx> b)) ORICHEROIEFENEE
THBE, BOREIEDAA 2L T4 THOREEAHLANE, T-Vx> hOT
SINF— REEI &> T, KEOEERAL FOMRELA B 53RN, =R (F—
KAZ R OBEES L7 > TUES RS EET 5, B 3 MTI (BN HE
B ORREEES 0 REZORMGRT. BT EBIRIRA E15, 1
DI EIET BIBA. UG E SEOMTRHES N3 ARG DL TEE
L. MG ERAEBKEET 2LV EINNYT— REEBT 27201213, 2N
BIZEDE D721 T4 THEEHZNHT2REND D00, £ TZORIKIR
fe M L SO FCEET SRR &, B RO T TERYT 5 EEEN IS
DEIRENNDHZDN] DN THTT S, °

B31H A VErT 4 THBEELZE L ARMREE (NIC 324)
B e NEORZEOE T, KO XD BARBEERARREN bOET B, L&
AT T OARBARMEL. BIIEAA%ORET S AERALHES 0 ITEUT.

5 RIS Y 2 ERSEE OB & BR L BEEHEOSHIC OV TIE Chuma,
Otsuka, and Hayami (1990). Milgrom and Roberts (1992), # U\ Brousseau and
Glachant (2002) ICIUFRE N TWBMXESRYE L,
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gg)&m5$M%%ﬁ¥K§%5o:@&%Eﬁbﬁﬁhﬁ@%ﬁm@m\:@%ﬁﬁ
WAL BETH, AREIHFONHITBNT x, ORI EHEIL
81 7w,(0)=p,x,-(c+0)x,

DFEAERET S ENTEBIETH D, CORDERTICBIT2ELEOMEE

3.2 m(0,0)=g(8)—(c+6)x"

LEBE. BEOEHAT T2 g(8) B

6.3 7(8,8)z 7, (0) |

BT, ARZIIZOXSHBEOICERNCBMT 57255, Z I TRICERRZELS
| EEEREOLHNS 0 3ELZORMERTH> T BFIINERRTERNHO

&?é‘%ﬁ%m9®%ﬁﬁ%ﬁ%bkﬁtﬁﬁtﬁ?%$%ﬁé?E%@éﬁ‘gﬁi

HO 0 1KEL ADHES M. THZHOWE g(6) ITKET .

IR TRRITEITHO 0 BT 5 (§ = 0)) EWSBED FTLHAE g(6)
A T B E. BARDEBTHOTOBAIIL G.DR. GIR, BEUF = 0 &
v
B4 g8)=p, x, +(c+0)(x" —x,)

LR, ZOEEZHTIIBITBEEEOHEIL
3.5 7w(0,0)=g(8)—(c+6)x"

= [p,x, +(c+8)(x —x,)]—(c+6)x’

= p x, —(c+0)x, +(6 —0)(x" —x,)

=7 (0)+(0 -6)(x" -x,), VOe[6,,6,]
L3, bLHBHEOREEV ICEEENED 0 #HETIIE BHRALID 7(0,0) =
7 (0) ED. BEEEIBHTICBNTHRL & LHFIHITBYI 5D LAHOFIHE
%%ﬁf%%nb#b@ﬁ%%2%@@2@ﬁfﬁﬁ&5k@f>xmT@%Z&#BJ&&
RIELEIEEBFOBARE 0 = 0, 275 EkoT, BEAMORRERS

¢ FENEREEZ T L. 7Y LIV EL—TU s FOU AV BIFEICEND D HE.

HERICBITZ ARy PRIV B, EFBRHNEENERAZ EICE> TV A 2T Y
SHOAYw FEREBL LD &5 TREEROZK ) BRI DWW T Baily (1974), Azariadis
(1975) rEESHRE X,



B2E RHAMAEEBRFEKFSHE)

AT ATERDIEERL TS, REMEERAZEAHE 6 = 0, T5&.
BRI 5 & B EAOZILITE AR D

(36 g(6,)=p,x,+c+6,)x" ? x,)

LB, —HEMEREANOTH N U ERESEREN S IET 50T, REGHE O
BRI Yo = w 22(6,) EB< L,

. . b(X)?
B VX, yu)=aX - (2) + Ve

L72%, (ZZTFHF "NIC" 13, No Incentive Constraint OBETH 3,)

V(X™, yye) DREZERSCBIT 28 V(X)) X0HAE00E. y = w?
ex’ THBIENSHSHEN, GEWIMH B 2RE) BUFEEUREN 5 A%AD
Bis 2(0,) 7' 6, OEMBEIKTHZ LN, EEBRALHO LE 0, NTAZNEE,
V(X", yue) W SBESEHEEERSICBITBHRKE V(X ,y ) 25 FTELHEESS
2, HIB THEENEEIZ NOLEEED ZBREHET S| WS EIINY— REER
ERETITTYA ?éhti&#&ﬁa‘%%@?‘ﬂi‘ [REEREMNOKRLS, REOEER
EEHELELD LU, HNOBREZEEIIERIC. Ho T MBI ADED S - 5415
BIFER? ] KB I2EEKEEZDTE>TLES &S, FIEB=RMEIERS LERT
FIRNEWSIERIT/R D REEN S B,

W2 AV er T4 THBSHEER L ARMES (ICRY)

LTRELS, T8ERIEERAEBANETHI T4 TEED] LS E
FNF— REEEEERTICTIA > & N ARB R, BIFE D LOoKE2E
HEBIZOTARMN DD, DT LD SBIFNDRYE &N AR R ST BRI,
HBA LT 4 TR NS T 2 RENB 2755, 20 CRIFAFHEFL <.
BRI X7 EVI NP EEET DI ICEET BN CHICHT 3R EEADTHN
FEIZ, ROXIBERIZHEEZHETEHDET S, |

(3.8) 6=argm§1xrc(9,6~), voel[b,,6,]

3.9  Euw(m(6,6))=Eu(r,(0))



F2E  NAMAEERRABKAEME)

(3.8XMT. THTIZBWTIZEDE S/ 0 MEELTH, SLEITEH-TED 6 2H
ETZ2E (0= 0) NEETHEEERL. CORIENTFICBIBEAROMES
FI7S. ERIOSREENA VB IOER TR, BAEEEERS TICB s B&YAE FE
Bf;b::&%z?'bfb:éo

DTEBNT, BEO1 2t 5 THRENE (3.9, (3.9) i/ A%BHHETY
2H<, $TCR 1(0,0)=g(0)—(c+0)x" k0. GORBWETHINZTY
2—)) g(0) B—FMEERDZENDDD. ThE g0) = g LET. E25T29)
- ABLVRIOKXTRZE DI, GIORKXDETITBNTD

(3.100 Eu(m(8, 5)=u(E7c(9, 5+ [F0.0)u(En(6,6)) )
2 W(Em(6,6))

DGR RR D ED. (3O AEMAETHINER 2(0) N—FElE ¢ 2E28BE. (0,
0)=g ? (c+ 0)x" XV, BIOXEHTOFEMOMIL

Vr(0,0)u"(En(6,0))
2 w(Em(6,8))

(.10 En(6,0)+

*?uaﬂf)z

= ? ¢cx
& 2

Eins, T —HGBIOROAWICINROIDIZEHEZINSDDT, BIOREEETHMZT
EORTHNAT D a—)UiE

2
(38.12) g=cx + ,LL;' [(x")° +(xm),2]

LB, BIDRIFAEOY AV EHBEE v BRY/ FR3EEIZRNOSH o K
ENEE, BN S BREANDIHWNKRELRD I EZRL TS,

& ATIORYO T TIRIELLZOMIEEHIE Eu(r(0,0))=Eulx,(6)) L7357,
(3.13) En(68,0)=E[g—(c+6)x"]

T ZEEKICBITAL D hEETTY DIV THIBFNRA Z EEEB%RT S, L
NDOT 7 Z2NEMICIET 57201213, NEE) - BIRHKET —LAOERZ WS HE
MHD, ZORITDONWTIE Osborne and Rubinstein (1990) B XX (1994) . Mas-Colell,
Whinston and Green (1995) D% 22 E/x EFSRE L,



BoE [RIAMEEBMBAHEEE

E[“T"Z[(x* ) + (% )2]—ex*]

= %[(x*)z +(x,)]

£, Zh&@18R En,(0) =(p, ? Ix, = uo’(x,)” EHETD L,

(3.149 En(0,6)>Em,(0)

MROMDZ ENDND, BIDREGB1DEEHRTD L, BIHVROAESI. BUFH
%ﬁ%tﬁﬁ%@%ﬂiﬁ%xm&b%kémiﬁix*@&%%%ﬁ%t&ﬁ?%t
DIT, KOKEREEIADL ex’ BEK KOKRERUAITLITA po’ (x )12 %,
BARZEITH U TRELZFNUTRS RN EITHRT 5,

% 3 HOAIUTOEICELDBNBEESS, B’xDEFIEEICBNT, B
P ENFEMHRENERE L LD A D L&, BUFIL2 DORZREITH L THEL
RTINS0, B 1 OIE. DEICE - TBUR &AM EN Z/HEET 5 2 Lo
KERAN. HEHUEITRTD TRW) BAEMEE» 5E5 N850 Eulr) TH2
ZENS, BFEEHTIIBNWTARIEDSZO LN OHFAMAZBEICH LU THEL
RIS e, BEERAIL. FKETOR N BRAZWES, BFEEICB I A#ME
BN RICE > TS <D, ZODHFEE BT DEROBFHFIABEIZRD
DT, ZNETBFICE ST IBEICEENICENIISMEIES] I EOFIKNERERNDS
BT ETHD, BITHEREECHRRA TR E WV o AR ICHK T 5, RO
WD EEREEND F OFEATRWESIE. TREZERENICENIISMEES] 7200
FEHEEERT 2L, BIRNRESARMHGENERSRZEOAY v MIEFEKRE
IF7mniEA 35,

ﬁizmﬁm‘ﬁﬁﬁ%ﬁﬁiofUiﬁ@ﬁ%ﬁ%ﬁ%t\%ﬁﬁﬁmﬁtﬁm?%ﬁ
A X" REEIELEHICE. EEBROLZEHZBANERDY LAdEzsizng
EThHb, LEBRAELHOEFRENEERMOBREICLSHEIC, EXRVEOEBEZ R
ET5] EWIOFHIKD, BRETYA D THEBICBNWTERINTWRNE, REITE
WWEEBAZBREET M 22T TeFHEDRD. BURDSEEANDOILNWAT T a
=) g(0) &, ERIREEI NN o TBEICEENFEFIEITBNTERTZTHA



goE AKEAEERABKHERE]

SURLFLITA uoi(x,) KWMAT., x° 2EETSEZCREIVELRROLRE
B (c+ 0,)x EEDIEIAD, JNUHLT IEESEOEBRBEERET D) L
SEMEBRLEZMICBNTIL. BN SR O g 1d X OEEICHEIUX
B, BRI NAED S B, BEEEIBNT x, EEETLHICIIHEIUA
pEEHLELD wo’l(x) + (x,)°)2 WMAT, x ZEET2LEOFNRE
B ex’ BEEAEDDIAD,

BRICOBEYEEERY. @1 T THNEEEZE B L 2N AHEM G
(NIC 2#) FTRIT 2EERS. BIUG)T 71 ThlkGEtEZEE LRk
BRI (IC 24) FCRIT BEEAS &0 D 3 DD —AICBT 2. REMIRZRO
BB L OHIERE 2 LT 5, BREIUTOLIICEED5NS, £TOHEFIE
BER & ()1 >t T 4 THkEtEZE LA (NIC 249) T TRAL
TAEERSEHEL THBE, GHRTRAELII, 2TD 0 (6, 6,1 TOWT,
3.15) 7(0,0)=7r,(0)+(6,-0)x" —x,)>m,(0)
PR TBD T, Ey(8) > Er,(8) &720. &5 T Eulmy,(6)) > Eu(z,(6))
S AIRYASN

Riz OB EEEERS & G >t T 4 THRRE 5B LAY (10
2y FTHRLT 2EEMAEZREBELTHDE, 1222 T4 THIFEHEGIHKD
Eu(r,.(0))>Eu(x,(6)) &3> Ts, —HHIFFFIEOLEICHE N T
(3.16) 7w, (0)=g—(c+0)x

- Mz[(x*f;(xm)Z]_ex*,

(3.17 Em (8)=po’(x,)*,

BEX x> x, THBIEMD, En,e(0) >En, () THHI AN 5.
BRICGA1 22T+ 7“%%@%#%%1%1/f;bsﬁéﬂsﬁ!ﬂ%fﬁ%% (NIC £ T%EET‘JZ@“ .

BREES &) A 2t T4 TENEMEEE LA TG (IC 2K) T TRIL

F2EERSE LB L THSL E, BEHRICOVTIE ERO#EREID BEulry(0)) >

Eu(r,.(0)) = Bu(r,(0)) &R>TWsIENGHD, —HHAHHEIIOVTR

Tue(0) = g(6,) —c+ 0)x" BELX 7,(0) =g -(c+ 0)x" 72DT,
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(318) Emy(0)-Em,(6)=g(6,)-g

2

= ehx*—“;’ [(x") —(x,)°]

EIRBM, INDETHZNEATH DT, SEEALEE 0 OMEBLSARITIKET S
255, R 0 WERSICHES BER. 0 OM 6° NERTHHOIHLT,
0, WTIZEENEN, 0 O/HNERB TR EH, FRASH o° THLT 6 D
D5 ERE 6, NAEWESIL. 2(6,) - g >0 BEY Em,(0) >Ex,.(0) 7
MTBEAD, WIZ 0 OLRE 6, DRENEEIZ, A 0° BREIRBZLIARS
MRDBFEITIL, [EETHSB.18)FATLE 1 HITHL T, AETHSG.18)HTE 2
ENTHRELRDIENEZSN., ZOLIRBEITIT g06,) - g <0 BLW
E7,(8) < Ex,.(6) MROIIDESS, flzE 0 #5[-6, , 6,1 O Tk
RESHBAEIL. B =0 BLUVO = ¢ = (0,)° /3 £25DT, £¥EDY R [E5EE
E u 307, ETNVONRTAZEICE>TIE. g(6,) - g <0 BEXU Emr,,(0) <
Em,.(0) ERZHREEEND D, ZORIZDNTIIROE 4 HiOBEAKELEIZBNWT,
BEAREBUERZR NN, BEERTSILITLEN,

FHAE FEHEAKEOHE v |
ZOMTEROREEERS. (D)HEONEERS . (i) >t 71 THNRIEEEE
Ui WAHBHEHERK (NIC 24) FTTRYT BB, BEU1 271 THl
KIG 2 EE LT N EAAEEK) (IC 22K) T OHALT 2 EIERS & 115 4 DD — AT
BB, REGRFOMAKELHET ST EI0ko T, ARMEHAMEE ., IEAFHEE
ML 2 DORELHBERS. MEIC, FEMECHEELANS, EO0XSBIT
EEOEERS B L OEAKEC B ERIETNIONTERT 3,

HREUEICT 572010, BB E COMT RSN EEAREREL FICEBL TS <,
41) X =(a-c/N)/b : BEEERNICHIT DAL R,
(42) X, =N(a—-c)/(Nb+uc?) : B4 ERE B T 2 AR E,
4.3)  p, =(Nbc+uc’a)/(Nb+uc?) : BEEGIERINC B 2 A LB,
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3

b(X)®
2

449 V(X ,y)=aX - +y"  EEEFERAICH T BRENRE OZIA.
2T x = X'IN Thb,
b(X,) b o o R S L b y -

4.5 V,= aXm———z-’”— +w = p, x, | HEIEERES BT D RENRE
oA, 2T x,= X,IN TH%.

. (XY e reman
(4.6) Vyc=aX ——2—+w—g(0h) A Ry T 4 THEIKGEEBREL VR
i&ﬁa‘ﬁtﬁﬁ%ﬁﬁ (NIC 2%)) F TR 2 EREMICBT 5. REOREOZIA.

. (X)) .~ = g
(4.7) 1Q=aX—u—?—+w—g:4/ﬂ/747ﬁﬁ%#%%%bk@%%@

g (ICE4) FTRILT 2EREMIBIT S, REMFEORH,
4.0)REUDRIBNT,

4.8)  2(0,)=n0(x,) +(c+6,)x : 1y T 4 THKEHEERLBNRHK
BHIHGENY (NIC 2249) FTHRILT 2 EFERAICBIT 5. BURD S RRADIHA,

(X))’ +(x,)’
2

49 g=uoc’ [ ] teox' ARy T 4 THIKGHEBRB L IR

BaEE (10 8240) TR BEERAICHT 5. BN S READEIAL,

EEENCEIT B 4 DD — 2B B, REMFFOHA VLV, Vier BE Ve
BT BB 0T, AWDR~LIREBRT 2L, DTFORAIERENS. $1 0
ST OB E— e LI e, RHOM N AKENEE, BEEERNCHET B0
KEHHAE X @WDRICHAT, BESHERRANCBY 5 ARIIGE X, @R
INERBBIETHD, JHULE 2 HTHRREL DI, BREEIFES TN OIS
S, LT BEI L > TREMEE N5 T LIl B, 0T EORkEE
LT, REHK N AASVIEE, BEHBERESIT BT B RENRHODA V, 1. B
BEERE BT AREMFOMA V' E0bNEL<RD, ETATA T4 TH
B L7 A R T TR B BRI BB, B 5 READK
HUE 2(8,) UDRE. 1 b 2T« THIKIRNEHE LI ARKBHHEERKF THLY
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SERENMCBIT D, BFNSEEADOTIWE g @IORZBHNTHAS L, K0 N
ﬁk%mt@K\X*tl&n(ﬁ%tx*&;m)m%ﬁk%m&%‘gﬁ”<kb%g
BRE S BDEMNSBRDIT, TORDA 2254 TG EEE L A0
LRTF TR T 2 RERN BT 5, REOKHOBA Ve B 1t 51 THKIE
B2 L BN ARB ST ORI T 5 BRI BT 5, REMFHOMA Ve &
DBHAE <o TLES TREMEAS B, T HUTZNICBO TR RO AR RZE
2D E#ERDOT BB, 1 2251 THRAEEEL AR EHEEE T T, B
FEDGSEITIEE T /AR X7 DEBEICHES U AT TR<. BRPHKII LN 7
BEO. BHTEIBIT BAER x, DEEIHED ALY ESHELATIES BN
LT, A 2T THROEIEEER L WARIHEE T T3, BRNeET 3
XS EERAIL o+ 6, ITHET B70IC, BUEEEL TR SN 2
3. x, DEEICHES bOEIHIRBH S TH S,

B2 DAL MO5HE—EELEBED, SROENY AL EREE 1 AEER
D2 BEEITETHHDTH D, U DWNIWEE, FIZIIREZES u =0 251d
QOXEQIOAMWRTLIIT, X 0° >0 TH, BEOERTDZYAITLITL
FYOERB. ZOREEEIYZYBINT, SR IMENA Eulr) OBALE
HI, AR B = (p - Ox ORKLAELREICAYD. ZORDBEHIHHNT
RN p, WRIIBHRER c THEL AR, BRI NAHEBHBIZIZORICS
WTEESRBANICARS, LA LERSFEHC L BARMEEICOLTIE, KARELTA
P OSNBARDNELENEVEDIC, HEIERERS BT SALME X, 12
R, BEEELSICBIBA%HE X WDRCHNTBDERD, ZORDREY
KEOBAIDONTSD, V, < V' &ixd, BCAYREQIRZLBT D&, BEDY
A7 EREEED 1 =0 OBE. 1 LT 1 TR EEE L I AR A0 F T,
BURIZ3EIC X AEORDOER g =cx' XA B3I X' BRAEEIELED
DHHBA T4 TEEASNBDICH LT, 1274 THROREEZEL A
HEMBHRZMO FCIRIKAE LT, BRIAERAZBAICHET 51 2t Ty 75
SIBIC g(8,) =(c+ 6,)x > g =cx’ ERD. TOLDREMFEODES V., <
Vie £72%, IN5OERIT. REOY XY EREEE 1 AVNE WIBEITIE—RIICRD
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BRI NB0IT. HHBIIEICHIH SN, — AR ABRAD SRS 22 2 TH 5,

BIFIEC DL D I RMERZRET 272010, FKAOBAERRLZTU > 0LEL
T IV b THDRMEMEERES, NEMERENEBEL LS L#as, 2Y
(CBWTIIBUFD 5 BEANOBBIXRILNHENTHA > ENDN, COEERBRLEZLS
IBAHMREOEMRLKENEEORIER TH D &&=, MBSO HEIEIIC T
FENRBTNL BEIBRICH L CARBEEZBAICHETS 2 EI2k- T, BAR
HMEELD LT D00 LA,

—HETIRBNT, FEHCK DN EEIIMRICLTH L. YBRRICB W TITEK
JFH RS INZHRARD N, ZOBOAMEMET BB T, ARIIRER
HURBOLBRBELBRE L TRELZ LT, BUFICHL THEBMOZ N 235k 2,
CDEIIBFERIEN) A U ERNTR 51X, BIFEEICH U T BE R A SE 5
ERGES T DD, BRHBBEICB N TAKMEEORRNLH 2 HET U A7 7L
2T LRERETDIMERD DS,

BEDZ ERNERLIZORITBNT, IMFHMER T IC B 5 Bz A K %
BHUZZ LT, OAEFERE B W TERSN REEERS. ENERES A
WHEIZ, RARBWTHRWICER SN HBEEERES. Gi)R% I5ahc
NEPHRE] ZBKEETDENIA >R T 4 T, HFHRREE L TERLARWAE
B#a34KT (NIC 224 : No Incentive Constraint) F TR T 2 &EE S, BLUNGvR %
DRIEFBEBANRE L >t > T4 TREHRMEE L TEB LK (102K : Incentive
Constraints) T THRILTZ&EERLD &1 5. 4 B OEERNICHIT D, HEEKED
g ziRs 5,

I OEBSRERIIRD 2 AICBHINS, £ 10HL. ZOEFIREOHEEEE
BRI H DIENRIEIL. OIS - FERRTRE S W S DB OME. BLOGE A
FUPMEERICI o THIFENTND Z & &S 2 DOBRICHKT 2% OIZDNT
BFEFOHEDPL VR EGANTR D ENS. BITRHOENDRL . E-EBAH - iR
Kﬂ%ﬁ@%m‘ﬂﬁﬂtﬁm@%ﬁw%ém\®Km%?%ﬁ$ﬁwﬁ%ﬁmémt®

- BURD VR ZE & N SR itk n%ﬁﬁ*,s\_&@xu Y hEBPNENESS, koTZnk>
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BB, N OB ESHNTIBICEN RO D IS, BURRIM SR ED & 5 /2R
FRICE- T, FELTEITHLT B ERENNS LR,

B 2 ORABI b L AR R R B A T, RIC L B AR BB
BOA Db T4 TR DRAEH IR B E S L, REDY 2 7 Ei

B, BEUOARHBESHORENIEEIKET S E1S ZETHD, FlAITAKITS
BEEHOAMAIKE< Eb, LRENRSFEAS <AVBAE. BRI ARMEEE
KEEMEDLZNIEELA R O EIZRSRNESS, ZOXIREBE. REDYZAVE
BEAAS L. BRI SNEUBEBAEET Y5 TEF DAL TI,
BUGIC & 5 BRICHT AL BELH 2 HET 5 LREH (VAZTLITL) bAE
BBV, DEONEHMEBAAEA 22T T EHRIREE L TEEL LR
(IC 34 DIESH. ThEZELENEY (NIC 28) X0 SENTND Ei—Hi
SR BEIEMSS LS5,

% 3 HITFOLS CHRENS, T8 1 HTRIBEOMTICANSEEATF O
CEERHELE LT, BFCE BN AOBNBAICHKIT S [HBERERS . BEO
(RAEMEHEERH I PO TRIT S SRR 2ET 5. %2 6T 5 21 fi
BOTEEN THEHC XD ARMEE) 2BAHETBEENIA L5 1 TE, HIK%
e UTEE L RWARITERIN (NIC 54) 24752 Lk o> T, BRICEBA

HEHEEOB KR EREEIRL . H<E 22 SICBNTREOARIBERARSE 1 >
b2 T TEEREEE L TEBLEZK (CHK) #¥HT3, BIHTd. % 156
52 B TELNHERICESHNT, OREEERY. (DFBEEEEES. (g IR
FHE R B ARMBE) BBARETBENS A 25 T&, fRREELTERLA
WASKBHSEEAG (NIC 240) FORILT 2 EBRA . BE UG RRONHUBEBA
st S 4 T ERIRIEE LTER LIEK (IC 324) FTRIT A REmA &1

5. 48D ORFEN B HHLEAKERET 5, BEOE 4 HITHVT. % 3 BO
Tl BLUOSEOBEIOVWTRIT S, BBIOETHVESEXMIE. 5 2 2
FMLCHDTHBDT, & 2ERODSEH—EEREZSTEZ NN

w1 EFN
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FBIETIE IFEHCKDNHHMBE LWIERIIONT, TUS IV THEHBIFE.
I—Yx > bTHLNIMAEELZOMITIENHMEND 2BEITEL 2BEEERT D,
% 1 HTRANET S ZDICAVSEANTRLOBEEHAL. ZOTFINCBIT 5T
SR BLUOREERE Y 23ET 5.

F1I1E HRYERRERS

BL2ETORELFALL. ZITH NAORBENRENEEL. RENFE i(i=1,2
N PE w EQEREK p 2FIEELT 3R V(X,,y,) BERAMETEES
2. DHEMAOEH px, &, BREAOLZH y, BRET S, BAOBHERE 1 I8l
LTHL. $HBIiRFONLIEEE X, 1d. B0 x, FWUTr<. MoK
FBXZH { x;,7=1,2,...,N, j#i} BHBETETHDD

1.v X, =Z;v:1 x

L85, THUIIEHETE - SEBRRTTREME & W S AR OREDINIR (R B A —)N—

DR TEBBDTHD, BLE i KEWESONEMZH x, 2RDDEITIT. HOF

FHCE DX { x;,7=1,2,..., N, j#i} EFi5LT2HDERET 5,
ULzErEos s, & i K OWRBERMEBEEIIROL S IR I NS,

max V(X.,»)

{xi’yi}

Subject to

(1.2 px,+y=w

N
17 Ly Ko

givenip, w,{ x,, =L 2, ... ,N, j#i} )

EZTOFRFMIAROMAELZRF>TH 0, BERELTL. % 2 EOMRTHERELE
BOEIITHAND, BLIOETH., FEHILDNEUTENERNICEH L. T0
EHEN AT EEREOLERTH DX SRR ETORNSEET B0, REW
FKEtOP AR ERD L D ITERLT S,
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2

(13) V(xi,yi)zlil//aXi—bfi :|+y,~, a>0,b>00

T Y IDOWTROEIBIREZRB <,

FEL. vy BIY 1L A o° ORRZHRT. ¥ =y, v, ] OBETEZRS Y
OETB, Wb

149 Ey=1, Vary=0>, vy e ¥ =1y, y,

HICZOETRONZ. C¥EBFOROBRIBIFMEREICERZGDOEIZNDT,
LTI 2B EEEER S OHETIE. KetLOEITHRER v NERLLET,
BERNFEMEELABERET HDDOERET 5.

PIEDRFEDTF T, 5 i FKetOARALHEED 1BERAE

(1.5) g—V=y/a—in -p=0

X,

LRAM, T ITHEICBIARHRERETSE. 5 = X, = .= xy = x° &B<
TEWREST. X, = Nx? &irn2ins. AHRKDBIFFHIE D RHMTEIT

ya—-p
bN

(1.6) x? =

L0, FEARMRBREEIXY = Nx¢ EBL &,

an  x'= "’“b_ p

L35,

(LDRMFRT LI, FEHC X ARIHRRE X 13, BEAKy OEMBEIC-> T
Wa, Byl Kok 2ALMREE X CHETS, IBCRIEORL RERE
EYLEERTH D EMIREINDA, ZOBCBI DM T, v OEBREITNFKE EE
NEOHIBERTHY. BUFIINZEET S ENHRBNERET S, ZOHE. B
SERHEEARIT MHsZAE] IR, ADREVI KNI I AAPEEELEEE
LAants, ARBHHEE (AU <A%K 2R3 5BEEEEETHIENER
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THDEEOND. T TUTIRBNTIE. ASBHHAICE L Tl S e %2 ET 5,
LDREERTH L
1.8 p=ya-bXx*
EBBDOT, NHEEESEOHE I 1 LROLSICEIND,
(199 TI=pX?-cXx*
= [ya-bX?]1X% -cX?,
ZIT c BAKMAERORABA TS 5. LOREBALT BN AERE X LB
=

Ya-c

(L10) X, =
2

E720, (LORELI0R& D AHBHEE p 13

_Wa+c

(11D p,
2

QIR LML10RK D, DB EESEOFE T, 13

SRY
1.12) TI,=(p, -c)X, =%
E18%. 2B y,a >c LRELTHBHELI0KEQIDRICBWT.LTO v € [ v,,
Y, 1 iZOWT X, >0 BXUII, >0 &0, £2L1DRE DGR ARBTG5 .
2Dy € [y, vy, ] ONTRABALVOENIE, BB p > c BB E
Bnnd, (B1XKBR,)

(I IKERHEAL)

QDR EWIRL O REMFFOME V, 1&

2

bX
(113) V,=yaX, - 2m+w—pm0n/N)

ks,
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H3E AHHREERTHEE

CH12E REREES

BOE 1-1 HlcBV 2 HEEEEEE M. QAT OIEHERE L. GRSt
goide gl ERREE L 05 | 2 EOEREBERNEET 5. fiEOERIC L > THRHH
OEFSIE/NE RV, BICBEQOERIC I > TAKE OM S, RFBMRNS BT
T 37910, AILE O MR — BRI b 0 755, REEREA S
W, SHENETH DKL, AL ONEMRZASHEL. BICAfKBZRABHL A
WTHIET BT EITE- T, ﬁi%ﬁfﬁiﬁﬁﬁﬂﬁb:ﬁb‘é?ﬂ‘%ﬁ‘ﬁ@ﬁ%é@@?%o

BEEERA B BAKE X SRME ) 1 ROBEORTH .

2

(1.19 max VX,y)=yaX- bX

{X,»}

+y

Subject to
(1.15) ¢cX+Ny=Nw
BEEIERS B B B O EEAIIF. 1603
(1.16)  c(X/N)+y=w
LEINBA. ChETEEEEEEN BT REVKHOTEMOR 1.2 p,x, +
y = w EERTHSE, QDRICBOTREMRENT &> TOAFHR QRS E AR
ik p, THEOIHLT, (LIORTIEZHAAHM SR ORFH SRR RA ¢ Lz
STWB T EAAND, BIC(LIORTIE. ALBHHED 1 Bommd. FRaEDE
CHRRAREE o T, 270 N FEHC L DWBRATEAEDT, ZOXSBAKM O
IR NI L, EENSARTORERBAIL oN THDZ bl T15,
BEAEEL Y. REEERNCBISAM X7 SRME » 13
i  x=¥e=ey

b

(1.18) y =w—-cX /N
EB0. COEERENKEODRL
(1.19) V*=waX*—ég—*)i+y*

Lz, %ﬁ%ﬁﬁﬂ%l:a‘fsm‘%@#&ﬂa‘(l.ﬂ)iﬁ X" %, WBHEEEELS BT REY
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(LDRX X, = a- p, )b LHNRTHEDE, it L& S ICHBHERREC BT
REHNRFHC L > TOREM ORRBANMEHE p, THEIOIHL T, HEEER
ﬁKEMTMZMﬁaN&ﬁﬁf%D\pm>c>dNT%6:&ﬂ5;W>A&1ﬁﬁ
DD ENDND, Biasic1D® X Q10K X, = (ra- o)/2b BHNTHS
L. REAFEOHMN N=1 T, N ONTHROBMENEELRVWEESTH X' >
X, EBoTVBH, TN EREIC L > THEINTWB DI, fikk=H
FREA TR <. RARRA=EREA 205 )L—Uic & > THQES £S5
TWBZEIHEKRT 5, EBE1MERNE. QIDRETONE b AVALIEERED
EZITHELTBY., —HALI0REDOHE 2b 1Y, AL EFHEERICE > TORRN
AHHROBEZIZIHEL TV B 2 LA 5,

FEB2EIBIBMFERL <
(1200 V' >V,
N AIRVASREPE SR k@&ﬁb:b‘(ﬁ@i)\&b%z&ﬁ%%éo

2
(1.21) I«XJﬂEWGX—bX +w_p%
SR
(1.22) M

p
=ya-bX-—=0
v N

L0, p=c2oid1.22RXD

(1.23) X= ya-c/N
ERD{ X=X, p=c} KBWTA2DRKD V(X, p)3BAEESNTND = A%
%5, EIAT

bX? X

(129 V(X,c)=yaX- +W—C—N—

2

(1.25) quynﬂswaX—bX

+w-p =
"N

BEDX p, > ¢ THBZENS, £TD X >0 220WT V(X,¢) > V(X,p,) B
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DILD, FFIT
(1.26) V(X ,¢)=2V(X,c)> V(X,p,)
THD, —H1L22RXD V(X,p,) &

I BLTEALE B, CNEADRD X, =(wa- p, )b BH~RBE, X, < X T
5B EMND. V(X,,p.) < V(X,p,) BROIDIELHDD, BB p, > ¢ RO
T X< X ThBV =V(X,c) BERV, =V(X,,p,) BOT 120K &(1.27)
ZEDA205 V' >V, THDBIENHN5, MULOERIH2RIIRSNTNS,

(ZZIZE2ZEA,)

EoH AFMEGTN

HETIL. R EEEERS TIO AL ONENR L. WAE IO LAY
B 15 2 O OERICE ST AU BSEEKE L B L TGRSR 22D
FEN. LHLANRLG—FICBWT, SHELETHIBIRMEFICERNMAL, B5O
FOREEERS FEAT S ELRENCIEEICEETDOLBDNS, JOLOKE
EAEITIL. AR EE AR S NI RS L. Z2OEEL TRRITED2 1 >
BT TEREZDEWNS BENAFEC L o T TESEICB 5 BRR D OFFRIRE
RHEL LS ERALND LAV, EEREICBT A% - ARFRIZ<OBE. F
2L TR - ARIEADENIE N, B - EESTHERORT E, MEREEH
SEGEFEL T, THEDEAMEL TS, LrLENSE 1 ETHRLEIIC. &
E o E T B B AR EEOBALRED DIck> T, SHEEHEEROFAERENA
AAREL. WEEMES, MEOZHEERL-EENDRNASTRZTONS, ZOX
577, EEBBIC BN TARFEETANBAICASERNS S DORRELT, ¥k
BT BT D T LIV TH BB E,. T—Y 2 M TH BRI HHGEROM
12 NEBFEEI O W TIBROIEBENEET 5 ENEASND, RERRIHEHER
WESHELELEIIE S TEEAI S, SV bABITRHEEZETIBTIETHD,
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HIC, EROMEIZA N EBFENSOXIDOY—V U ERAETEILEESD. BT F
B CEOREARELL T, 7Y > /ULTH BB B E R L CRTE 2 HIET
B LAFAINTNBALE, TNSOERRNTNOAEC. BABAKGKBEETE
EPRFICH LU THEI®2I 2 T4 T2E525%57%5, £ 2HTEZOL D72, BUF
LAV S R R T BRI, BUF S AEOMIC. ANMIEEICHET BRI
DWTIARMEAEET 288, LS BRENET DN E, EEX - RIS
%, KOHE2 — 1 BT BRETHA T BB, [RENAKPBELBRHEET S
{2t F4 TEED) CEEEELAVESICERT 2 EEE S B L OB AKEIDL
THT 2, H<BE2— 2B T (EEPARMREEBARET S T1 T
BO| CERBELELET. HAERE ORGICEIE A 2L 71 TRIEERLIS
BICEHT 2 EERH B L VEAKEC DN THHT 3.

E21H 4V T4 TR EER L WARBHHGE

BIFIZ BT, BUFA bl s A B R 2R T BRI, [REN AR REE
BAHET 2 2w T TERD) CEEBRLEOREEATT 525 B 2 BEAL
<. BOOBNIREEEEN IS L ARY X BEREEET LS. BFEhE
PGB AL LT ) LT RFI L ECHDBREERT DD, TIINAKMEE
BB y NEETBHICRHEEND B0 ERKET B, |

RE 2. BREAEOMTRbINSARMEMT. ARMEECES v MWEHT 5H
kRS NS, '

FEBFECEOBMOI AT > 27U Y TNEREHFDHEEZERLZVOT, £%KE
JZZEETHO. KOLS7 THEMIY A7 E#BE—ER (CRRA) ORI

U(IT) EEDEEET 5.

3. U0) =0, U'(IT)>0, U"(IT) <0, BEL
_MU'(TT)/U (T =4 1384
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T DX S EEROBMAEE LTI, B 2 BEOBRTHVEZLS 2 [BAE—ER) OA
BB 51D, |
U(I)=II"*/1-1), 0s A <1

LT AT OEICEIET BN AEEAEIE. TSRS OB T SRS S 2RO
LR LA, BT 0L D S S BR AT 2HaIC. REICHLTREY
NEFABLUOFEOKEZIEDLDBHDES SN, H 1 HTRELIIT. ZORET
HEFIC & BAADENBE TS, T v > 18IS T BKEICB N TARMAEE S
. o CIEAREIMERE 1, (LIDREEETS. JOIESBMERREE 0N
RGBT, A< EBMERIE T, &6 LRTHE. BRI ERES
BB EMERR NS LR, ERARPHTEN, BERNSARED S ORFLENN
EHETHEO7. FEEILTFAY TV ATSRTHIUT. HHEEICEN UL RREOEE
(LS h7-ifE I /r (0 WHBAHTFR AEERAREOBAIAMIELZo> TS
RIS 0. ZO& S RBEEPYIcBNT, BFNDRL EHMEFE T1, Lo
AR LTS, 2Oy FOMEZT A FRAERDEDI, BEICRHERES
BT LR NE DS, L LanbEECBL T, BRI SFIEOES
BED T EAMET D E S RRIEE AN, KJOBRENLRSRL. BREEERT D
RAZRMEATL—IL) O, FEOFMEREET S PEEBRAMEMT V) 28R
AL, ERBRALENEET HBENERNEEE TEYTTAEIBBOTHS .
Z I T OETIE. AXFOMIIBURC X BFRANLET, ZRTBLTEL. &
o0 U IR OFIEE BT B7010. RHIRE L BE. SRITAKE &Y
%z DR, BTBREII YO TH S ET B,

IR5E 4. B & RROASKB RSB0 T. BIFIZEEITH L THAOFEZLR
HT DN RPNRAELHEOLENEITOET D, |

T B TERRIARICH LT, BEERE ST 20380 X *(LIDROEE
EKET 2, (LIDRTEINDLIIC X* = (Wa- o/ N)b BHERER v OREZE
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FI3E  [AEMEEEKRTHRME

ZTBN BT v OEBRBEERRTERVOICHLT. %I v OETEEZEEL
PRT X* ZAEETS, LU TEMIAEORETS v Off (y 39 KESn
T B THRD SNIZTIF IR S TREANORM G(Y) X5, BN 5%
DOXINDHRIE. FENIHEE L 72— EEBlic Lk - THET 3,

ULDREDT T, U T TORZOME ( TI(y,y) 829 iF
21D Ty, y)=GW)—cX*(y)
LERIND, ZOEBER QD TRAZOFEA, NAEMEELHOERE v &, A%
CEDBFADOHEE ¢ ITKET D E2IRLTBY., A T0REERRNICH
FONKEEER X*(v) 3 QIDREALLOTH M, THHEEER v OB
THDHEHERLTH 5,

RICEHEVAIMRELS v 2ERULBIC BRICILTEOE ¥ = v 285
TBE QDREBOTREA KD, B2 SEEAOZHLIL - Gy) i&
220 Gw)zcX*(y)
EWZTIOICRDEND, BIZ CORNEBTRONOBEAEELDE, QAR E
117k v

2.3 G(y)=cX*(w) =c("’L_b—C/—N )

E72%. LirL @IADNSHENAREDIT. G(¥) = wal/b >0 THEEDIZ., i
By ZBRREETDHA T4 T2ED, v OMVEIBKED v, THINE,
BREBIFCHLTEIC ¥ = v, 2HET S, ZOEEOLENEE (y,,y) =
M, (y) £ETL QOB @C.3RKLD

24 My W)=Gy,)-cX*y)

=C(l;/ha—c/N )_c(l//a—c/N)
h b

L7125, FIRFO "NIC" 135 28 LR U< "No Incentive Constraint" DEKTH 5, (2.4)
KNSHST, 2TO v ely,, y,1 IZOWT Hu(y) >0 ERBIENS, ¥ 2
EIRTDHED. EREWRRITB T 2 BEOBESAICONT |

@5  EU(IL,.(w))>U(0)
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ﬁﬁ@jjo
—F ZOFRNEFT SN EE D, REWFFODAZE Vye(y) ERTE, QIRAEB
T @23 &

@O V) =ax sy -2, T

L5, BENEERMNCBIBRFOMAE V* 119X EHBL-BA.

*\2
(119 V =yaX —?—(——)g—)+y*
ZHNT

y*ch*W0<cX*W@)=GWQ)
N N N

THHTENS
@7 VW) <V*(y)
ARDIDZ EIFHE N TH S,

%22% A 7 v T 1 THREE L ER L ARG

ETRAEEDIC, NEMEENLEH L. TOEOERENEEORIBERTHZEHS.
BURF SO 2 T A 295, REICXDNEMFEEOBARHEA” >
Y5 TRZELRTNE. BEEOBENELSHRENS S, ZOOBURIEER
EDRFBHEEHOTHA L IZHZ2 T ROLDOFHEEZRTHDOLET D,
(2.8)  EU(G(W)-cX*(y))=2U(0)
@9 y=arg max G)-cX*(¥), VVely,y,]
QOKITNKLMEELE) v NEETBEID. ZHZBEREICHBNT, BUFIZEREIIHL
T, RN L ZBRICE NS P OfEU O AKEEZRIET 5 2 L28KT 5. —
B QORIIBEITEST. NEMEELEFHOEDEZHET DI ENRELRDL DT,
TN BT BB S EEADTHI I G(Y) BTFPA > END T LEBKT 5.
AT 4 THWEE QR EQIREH T LI RFTHIL—I GY) TROK
2L TROENS, £T QOROADIIFEL 1 EERHFLD
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(2.100 G'(y)=0, Vyely,,y,]

LR2BOT, GW) FERTRFNIRSEL, ZhE GW) = G EBWT, 2YT
2B BREOFIEE

21D M. (y)=G-cX *(y)

EET, ZITHMRFD “ICNI%E 2 EER UL, "Incentive Constraints” DEHTH 5,
LIATHE2ETORLELDIC, BHTICBIT 2020 RILTLAIC

(2.12) EU(I,.(v))=U(EIL.(y)—-R)

ERIND, ZCTRIBIUYRITIVLITLDIET

R= Varll, (v )_U”(EHJC(W))
2 U'(ETLc(v))

LRBBIENREND, EIATREILDYRITLIT AR

(2.13)

_ VarIl,.(y) A
2 Ell(y)

ERRBDT, TNEA B2 T4 THKEHECQYORNDEE TR DBESE2E22 L. (2.8
KITROMEENSEMMNIEE L SITE-IND I 0005, BIb

(2.149 R

VarTl,.(v) A _
2 Ell(v)

(2.13) EM,.(w)-

o

@2.1)RiIBNT, L9, DR, BEUCIDAMSEEEINS

(2.16) EH]C(W)=G_CEX*(W)=G_C(a—c/N) .
2
2.17) Varﬂzc(w)=(%) o’

ZRALT, GIZDWTHELS &

b b V2

(2.18) G=c(“_C/N)J_rC“G A

L%, EIATARMBEDEE o’ L0%0U 2V EHRHEE 1 BNAESWE, BUFT

BEITHL T, KOREAFTIN G 2BU T, BEAKE X (v) B4EET ST EI0HH
DURY DEEETHIRERS D EEZSNBEDT, QIROETLICBNT TS AGE

—124—



F3E [AEFREEXTRHEE

@ﬁ%@%&‘%Esz%yty?47%%%#@8ﬁ&@mﬁ%ﬁtﬁxim\@%
B BEREEREIC BT B BURD 5 A OSTHANTEE

219 G=c(“'°’/N)+““’ z

b b \2

'&ﬁéo&Z%T@JWﬂ@Eﬂ%]JﬁicEXﬁw)T%%Z&@B\ﬁ%@%%ﬂﬂ
28

(2.20) Enmwo=G—cEX%WyfioJ%>o

LB, THUHQIOROADE 2 B, AHPIHEERICBL T, BIRPERIIRER
ﬁ%ﬁtﬁﬁ?%ﬁ%ﬁQﬁWﬁ@éﬁ%ﬁﬁ?é@ﬁ%%&ﬁ%\ﬁ¥mﬁ?%ﬁ#
M%Eﬁﬁuxﬁwﬁﬁﬁﬁf%é:&é%bfméo@b4>t>%47ﬁ%%#@&
RAER TR - TWBT &5, R TITBT 2 EEOMFHMITONTIE

(2.21) EUIL,.(y))=U(0)
&mofméo:méfﬁyt>?47ﬂ%%#%%§bﬁm¥%1tﬁﬁéﬁﬁﬁﬁ&
RTHaBE, 25)HEC2DHKD

(2.22)  EU(I,(y))=U(0)< EU(I . (¥))

LR TWBT EBAND., —F (1t T4 T&EEER LSRN KBTI HREN
KetoPgAE Vi(v) ERTE

(2.23) VkW0=waXRwyf“X§WD +W_G

EinB,

%38 EEAEDOB |
:@%T@@%ﬁﬁﬁ%%ﬁﬁﬁ%ﬁ%ﬁﬁmﬁ‘@ﬁfyty?47ﬁ%%#%%%
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Gone with What Wind?

Junji Yano
Graduate School of Social Science

Hiroshima University

Abstract

Since the early 1990’s, Japan has been experiencing perhaps longest stagnation and
recession that a developed economy has ever seen in the post-war period. It's been quite
while that a new word “Great Recession” has been added to the glossaries of professional
economist as well as academic researchers.

It is obvious that this word refers to this long-standingb“Japanese Recession” for more
than ten years. After very rapid growth at an average annual rate of 3.7% percent between
1981 and 1992, Japan has entered a period of stagnation still affecting the economy, with
output growing at an average annual rate of about 1%, rising unemployment and negative
inflation. Because of virtually zero growth and succeeding deflation, Japanese nominal GDP
had become 4% smaller from 1997 to 2002, while in the US nominal GDP has increased
more than 10%. The recession started in 1998 is the most severe experienced by Japan since
the postwar period.

This “lost decade” has naturally prompted a series of investigations, recommendations and
self-examinations, both in Japan and abroad. Main purpose of this survey paper is try to
clarify outstanding issues surrounding current Japanese economy The reason that this
paper is titled as “Gone with What wind ? “ is actually threefold. First question is “What
forces caused Japan’s economic performance to Japan’s economic performance to deteriorate
so markedly in the 1990’s?” Second question, seems natural to ask, is “Has the storm over
Japanese economy gone? “ Finally, the last question is double. “If so (the storm is over now),
then has the storm gone with what wind ? “ (In other words, what was the driving force to
blow storm away from Japan?) “If not, what forces remain virulent for such a long time?
These questions are clearly subtle question to answer at this stage. However, in this paper,
we will, at least, clarify essential issues in answering these issues and critically evaluate

existing literature, investigating relevant topics.
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1. Introduction®

Japan is the first country that achieved the economic miracle of rapid growth. From
superve performance in the 1960's, it shifted to slow growth (1975-1990). Since the early
1990’s, Japan has been experiencing perhaps longest stagnation and recession that a
developed economy has ever seen in the post-war perioc}. It’s been quite while that a new
word “Great Recession” vhas been added to the glossaries of professional economist as well as
academic researchers. It is obvious that this word refers to this long-standing “Japanese
Recession”  for more than ten years. After very rapid growth at an average annual rate of
3.7% percent between 1981 and 1992, Japan( has entered a period of stagnation still
affecting the economy, with output growing at an average annual rate of about 1%, rising
unemployment and negative inflation. Because of virtually zero growth and succeeding
deflation, Japanese nominal GDP had become 4% smaller from 1997 to 20027 while in the
US nominal GDP has increased more than IO%V. The recession started in 1998 is the most
severe experienced by Japan since the postwar period. This “lost decade” has naturally

prompted a series of investigations, recommendations and self-examinations, both in J apan

' Comments from Jisoon Lee of Seoul National University and Samoon of Korean Development

Insitute are deeply appreciated.
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and abroad. Main purpose of this survey paper is try to clarify outstanding issues
surrounding current Japanese economy. The reason that this’paper is titled as “Gone with
What wind? ¢ is actually threefold. First question is “what forces caused Japan’s economic
performance to Japan’s economic performance to deteriorate so markedly in the 1990’s?”
Second question, seems natural to ask, is “Has>the storm over Japanese economy gone?
“ Finally, the last question is double. “if so (the storm is over now), then has the storm gone
with what wind ? “(In other words, what was the driving force to blow storm away from
Japan?) “If not, what forces remain virulent for such a long time? These questions are
clearly very subtle question at this point. However, academic economists have been
accumulating scientific investigations into the nature and the causes of this “Great’
recession. This “Great” recession is a test of applicability for the economic theory in the light
of novel situation, unobserved in the world economy at least after World War II, where the
price is falling, the short-term interest rate épproaches virtually the zero limit, and the
demand for money is insatiable.

In this paper, we will try to summarize relevant research issues, necessary in answering
these tough questions. Since there exists vast literature on our subject, this paper do not

claim to be a rather through survey on this topic. This study is only a partial introduction to
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the literature. Nonetheless, here we try to clarify critical issues in a unified framework, that
is framework of standard macroeconomic analysis.

The structure of the paper is the followings; in section two, experience of Japanese miracle
and subsequent bubbles ant its collapse as well as the severe events of the 1990’s will be
summarized. In section three, the macroeconomic symptom of recent Japanese economy
will be shown. In section four, literature relevant for aggregate oiemand side will be
reviewed. In section five, literature regarding monetary side will be discussed. In section six,

existing research relating supply side will be summarized. The last section concludes.

72. Japanese Mi;'acle, Bubble, -and the 1990’s
The last half of the 20® century of the Japanese economy can be divided into very rapid
growth (1952-1974), slow but stable growth (1975-1990) and “Japanese Great recession”
(1990s-current) periods.
By 1952, when the occupation of Japan came to end, Japan had regained its prewar
level of production. The economy moved on a very rapid growth path, especially in the
1960’s with the annual growth rate exceeding 10%. This “economic miracle” increased per

capita real GDP from 30% of the U.S level in the early 1950’s to 60% by the end of the 1960’s.
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The first oils shock (1973-1974) pushed the economy its first postwar recession \;vith
negative growth. Growth has never returned to that of the rapid growth period. Annual rate
of growth of the Japanese economy almost halved from 10% level of the 1960’s to the 5% in
late 1970’s. Although Japanese economy recovered from the oils shocks of 1973-1974 and
1979-1980, it was no longer as dynamic as rapid growth era. Howeyer, due to these rather
stable growth years. Per capita real GDP reached 80% of the U.S. level by 1990.

However, with hindsight it is obvious that the Japanese economy was experiencing a
bubble economy in the end of the 1980’s. The stock price and the land price index has
| become three time from 1983 to 1989. The stock price index (Nikkei 225) rose from 10,000
yen at the end of the year to near 40,000 at the end of 1989. The economic growth rate was
in the neighborhood of 5% exceeding the average of 4% from 1975 to 1989. At the end of
1980’s, it seems to be fair to say Japanese economy was praised by many economists as well
as politician over the world. It is remarkable that during the bubble years, inflation rate
remained rather low. While asset prices were doubling and tripling in a few years, inflation
rate remained quite reasonable, giving Bank_ of Japan difficult exercises.

The yen appreciated from 260 yen/dollar in February 1985 to 150 yen/dollar in the

summer of 1986. Sharp yen appreciation caused a recession and imported disinflation.
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Interest rates were lowered from 1986 to 1987 in part to help stimulating the economy.
However, there was a worry about the danger of overheated asset markets even in the BOJ.
It was not until the spring of 1989 that the monetary authorities changed their low interest
policy. BOJ reversed the gear in 1989 and raised discount rate several times; The official
discount rate rose from 2.5% to 3.25% in may 1989. The official discount rate rose to 3.75%
in October and 4.25% in December. Despite this rapid increase in the discount rate, the CPI
inflation rate rose from 1% at the beginning of 1989 to 3% toward the end of the same year.
The official discount rate was raised to 6.00% in August 1990.

Stock prices peaked at the level of 39,000 in Nikkei 225 at the end Qf 1989. In line with the
interest rate hike, regulatory tighten_ing was applied to stop in land prices; Limitting the
increase in bank lending to real estate-related projects and companies in the spring of 1990
and raiging taxes on realize capital gains from land investment. Stock pricés finally turned
down from the first trading day of 1990. Moreover, it kept on falling to one-third from the
end of 1989, the peak, to the end of 1990. Stock price continued to decline and the index lost
60% of the peak level by the summer 1992. Land prices started to decline in 1991.

In February of 1991, what is called the Heisei recession has started, it lasted 32 months,

until October 1993. Monetary supply actually contracted in the fourth quarter of 1992. The
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subsequent recovery was very anemic. One reason, debated at that time, was the increasing
weakness of the financial system.

With GDP growth at 5.1% in 1996, the Ministry of Finance saw a vigorous recovery and
‘moved to reduce the deficits with lower government spending and higher taxes in fiscal
1997. The timing was very poor, as the economy went into recession in March 1997. The
1997-1998 recession was severe and the subsequent recovery was weak. The labor market
has remained very depressed, and the ratio of job offers to applicants sank below the 0.5
from August 1998 to November 1999, the lowest ever recorded from 1959 onwards.

In the next section, we will very briefly summarize several symptoms of this “Japanese

Great recession”.

3. Macroeconomic Symptom
G) Output

It would be very natural to start with the GDP figures to examine symptoms of “lost
decade”. Over the last decade, the Japanese economy has under-performed dramatically.
Figure 3.1 shows the evolution of real GDP from the first quarter of 1980 to the first quarter

of 2004. The apparent decline of trend growth rate around the early 1990’s is clear. The
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dotted line shows the level that GDP would have attained if starting in 1991 the economy
had continuously grown by 2 percent a year. The bold dotted line shows GDP under the
assumption that starting in 1985 the economy has continued to grow at the average pace of
1980-1985. Compared with either of these benchmarks, Japan’s actual G]jP growth has
been substantially disappointing. If we use the 2 percent growth as the benchmark case, the
started to under-perform in 1992 and now stands more than 10 percent belpw the trend.
Kuttner and Posen (2001) refer to this period as the J apanese “great recession.” This seems
a fair description given the considerablé gap between actual GDP and the trend.
(i) Inflation

Figure 3.2 shows inflation data base on the GDP deflator and Consumer Price index.
Measured by the change in the GDP deflator from one year ago, the Japanese economy has
been in deflation every quarter since the third quarter of 1994 (except for four quarters
starting with the second quarter of 1997, when the consumption tax increase of 2
percentage points led to a mild increase in the GDP deflator). The CPI inflation rate has
been negative consistently since late in 1999.
(iii)  Asset Prices

In contrast to the relative stability of aggregate prices, the movements in J apanese asset
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prices have been extraordinary. Japan’s Nikkei 225 stock average rose from 6,000 in 1980 to
peak at 38,915 on Decmber 28, 1989, as shown in Figure 3.3. In the first nine months of
1990, the Nikkei average lost nearly 50% percent of its value. Stock prices continued tq
stagnate most of the 1990’s, and the Nikkei 225 has dipped almost back to 8,000. As shown
in Figure 3.4, Japanese urban land price indices roughly more than doubled from 1980 to
their peak in 1991. The total land value of Japan was claimed to have benn, at the peak,
four times as large as the total land value of the United States. But by 2002 land prices had
almost fallen back to their 1980 levels. Land prices as of 2002 were still falling and on
average 45 percent below their peak value.
(iv)  Interestrate

Figure 3.5 shows the time series of the (uncollaterized) overnight call rate — akin to the
federal funds interest rate in the United States — which was the target of the Bank of
Japan’s monetary policy for most of the period relevant for this study. The interest rate was
lowered as the macroeconomic problem obvious in the early 1990’s and was already as low
as in 1995. The rate fell further and eventually reached virtually zero in February 1999.
Since them the call rate has been zero except for a brief period between August 2000 and

March 2001. Of course, in the presence of deflation, the real interest rate was highér than
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Zero.
(v) Unemployment rate

Figure 3.6 shows the time series of the unemployment rate since January 1970 to March
2004. Unemployment rate in Japan was around 1 percent throughout 1960’s. Due to the
first and second oil crises it started increasing and reaching 3.1 percent peak in May 1987.
Moreover, the rate of unemployment has been rising since the beginning of the 1990’s,
reaching a peak of 5.5 percent in August 2002. It was the first time in the post war history
that the Japanese uneinployment réte (4.5 percent) in November 1998, surpassed U.S.
counter-part (4.4 percent). Though peak of ’unemployment rate is low relative to many
OECD counterparts, it is doubtlessly historical high for Japan. In the rest of the paper,
macroeconomic symptoms highlighted in the former section will be analyzed in the

following order; (Real) demand side, monetary side, Supply side of the economy.

4. Demand Side?

4.1 Consumption

? Due to time constraint, examinations of other important aggregate demand components,

government expenditure and trade components are left for future agenda.
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Private consumption is nearly 60% of GDP, so how it has behaved has had a strong impact
on real GDP. There is no question that the growth of real private consumption slowed
substantially in‘the 1990’s. Figure 4.1 shows the evolution of real private consumption from
the first quarter of 1980 to the fourth quarter of 2003. The apparent decline of trend growth
rate around the early 1990’s is clear. The dotted line shows GDP under the assumption that
starting in 1991 the economy has continued to grow at the average pace of 1980-1989. Real
private consumption grew at 3.7% during 1980-1989, but at only 1.5% in 1990-1999.
Moreéver, it grew at 1% in 2001-2003. One may highlight the positive aspects of real
consumption behavior, given the generally very depressed state of the Japanese economy in
the 1990’s. However a fall in consumption beginning the second quarter of 1997 is
anomalous by historical standards. Moreover according to Motonishi and Yoshikawa (1999),
the contribution of consumption expenditure on income growth has been consistently
negative throughout the 1990’s. The long-lasting stagnation of consumption is a significant
factor to have depressed the Japanese economy during the 1990’s.

Regarding consumption behavior in the 1990’s, given the historical collapse of stock and
land price bubble shown in figure 3.3. - 3.4, one natural research strategy would be to

examine empirical relevance of the wealth effects. Ogawa et - all (1996) precisely focus this

—147—



% 4E Cone with What Wind?

issue. They investigated the role of wealth of Japanese households. They found that most
important wealth for Japanese consumer spending is liquid wealth and furthermore
variations of liquid wealth are responsible for about one third of the change in consumption
in the 1990’s. Since share stock is a component of liquid wealth, dramatic fluctuations of
stock prices should be conveyed to those of consumption by way of liquid.

However, another natural question to ask on consumption behavior seems to be, ;‘Has the
uncertain future of the Japanese economy dampened consumption expenditure?” This issué
was investigated substantially in the former studies regarding consumption behavior of the
Japanese economy throughout the 1990’s using the framework of the precautionary motive
for saving model’. Economic growth and demographic characteristics, as characterized by
the life cycle model, are found to‘be important determinants for the differences in saving
rates across countries. Recently, other factors such as tax treatment, the effects of public
pension system, difference in culture, social attributes, risk aversion and institutional
characteristics were highlighted as well. However, a potentially very important factor

received relatively little empirical attention; risk. The theory of pre-cautionary saving, such

® See Horioka (1990) for a comprehensive literature survey on household savings in Japan and

on'savings in general in general.
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as Leland (1968) and Sandmo (1970) precisely formalize saving behavior of the household,
facing uncertainty of future income. In this model, households will hold more assets when
they are faced with greater income uncertainty.

Ogawa (1991), Nakagawa (i999), Doi (2001), Saito and Shiratuka (2003), and Okada -
Kamada (2004) all utilize aggregate time series data. Their conclusions support the
existence of precaution'ary savings. On the other hand, Shimizutani (2002), Zhou (2003),
and Murata (2003) examined precautionary saving hypothesis using Japanese micro data.
Compared with macro-economic time series analyses, their conclusions are son‘lewhatv
mixed but not inconsistent with the prediction of the model. Based on the empirical
»research results, the answer to the question raised here should be positive. However,
because of the data restriction both in macro and micro data set, detailed empirical analyses
focusing the severe stagnation of aggregate consumption of Japanese economy since 1997
are still awaited.

Hori and Shimizutani (2004) took a rather different .research strategy regarding
consumption movemnet. They utilized original and rich quarterly household-level data from
“National Polifzy Monitors (Kokumin Seisaku Monitors) to estumate average price

expectations, examine the factors affecting price expectations, and more importantly
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examine how changes in price expectations have affected household consumption. Among
interesting observations, they found that a series of quantitative easing monetary policies
since late 1990’s were not very effective in changing the price expectations. They also
confirm that deflationary expectations discourage household consumption, mainly durable
consumption.
4.2 Investment

Business fixed investment plays a central role in economic growth. On the one hand, it
generates a multiplier effect in support of aggregate demand. On the other, ‘it adds to the
economy’s productive capacity. Figure 4.2 shows the time series behavior of the share of
business fixed investment over GDP from 1980 to 2002. The share peaked in 1990 at 22%
and kept on falling, reaching 16% in 2002. The late 1980’s rise in share reflects the bubble
economy. However, looking at growth rates of real business fixed investment gives rather a
different picture. Business fixed investment grew at substantial rate in he late 1980’s; a
side effect of the bubble. However, the apparent decline of business fixed investment in the
early 1990's is trivial in Figure 4.3. Moreover, Motonishi and Yoshikawa (1999) claims that
investment is the major factor to account for the 1991-1994 recession, the 1995-1996

recovery, and recession beginning mid-1997. They maintains that though declines in
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consumption, investment, public expenditures and exports all contributed to the negative
growth in 1998, investment is by far the most significant factor in causing the recession
from 1997.

It is obvious that banking crisis and resulting decline in the intermediation function of
Japanese banking sector may have critical effects with this investment behavior of
Japanese economy. However, we will summarize this connection in the next section. In this
subsection, we will focus the other studies on the investment fluctuations.

Ogawa et all (1996) attempts to examine the relationship of asset markets and economic
fluctuations of the Japanese economy, focusing on the role of asset markets in business
in&estment decision. It has been frequently asserted in Japan that land assets are
important collateral for borrowings. According to this view, since corporate investment
behavior will be much effected by the level of land assets held by firms, uprisng of corporate
investmenf in late 1980’s and stagnancy thereafter can be attributed to the movements of
land prices. They rigorously examined this assertion by empirically estimating the first
order conditions of the firms facing dynamic optimization problem with GMM procedure.
And they found that land has been used as collateral to significantly ease credit conditions,

thereby affecting investment spending. Furthermore, Ogawa and Suzuki (1998), they
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extend their former study (1996) by highlighting another institutional device in the Japan
for narrowing informational asymmetry; Keiretsu. They maintain that agent costs can be
lower for firms Within Keiretu groups, therefore the role of land assets as collateral can be
different for Keiretsu firms and unaffiliated firms. Their conclusion is soméwhat mixed;
though borrowing is more constrained among independent firms, the marginal effect of
collateral on mitigating borrowing constraint is similar in magnitude to that within Keiretu
groups.

It is noteworthy at this point that, most of the empirical studies on Japanese investment
behavior including these studies as well as the studies in the next section focus financing
constraints Japanese firms faced during investment decision process, there other empirical
works which took rather different research strategy. Ogawa and Suzuki (2000) focused the
role played by uncertainty about future prospects of a firm’s profits. The relationship
between uncertainty and corporate fixed investment for Japanese manufacturing industries
was examined by estimating the investment function of Tobin’s q with a proxy of
uncertainty as additional explanatory variable. From panel data of the Japanese
manufacturing industries, they conclude that there existed a negative relationship between

uncertainty and investment. Motonishi and Yoshikawa (1999) questions the importance of
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financing constraint in explaining investment behavior of the 1990’'s; They claim that
importance of financing constraints for some firms of the Japanese economy is not enough to
fully understand aggregate investment behavior of the period. They rather maintain that
the “real” factor such as a decline in sales or poor profit opportunities are much more
important than “financial” factors or “ rise in the cost of capital”. After deliberate empirical
investigation using BOJ diffusion indices, they hold their assertion. Shimizudani and Terai
(2003) focus real capital cost for investment decision making. After elaborating existing
studies on this topic, they find that (i) Real capital cost has been rather constant throughout
1990's or sometimes increased to some extent. (ii) business fixed investment had
statistically significant reiationship with business fixed investment. Thus, according to
their view, policy option such as inflation targeting is necessary to realize inflationary

expectations for stimulating investment activity.

5. Monetary Side
Before analyzing movements of monetary aspects of Japanese economy during 1990’s, the
experience of the banking crisis which has critical significance for this period will be briefly

summarized in the next subsection.

—153—



% 4ZF Gone with What Wind?

5.1 Collapse of the bubble and the resulting banking crisis*

The Japanese banks stellar performance in the second half of the IQSQS underwent a
dramatic turnaround in the 1990s. During the second half of the 1980s, bank loans expand
against the expectation of robust growth. High loan growth was ‘accompanied by high
growth rate of deposits. Bank loans were concentrated in wholesale and retail trade, real
estate, finance and insurance, and construction, with real estate as collateral. Corporate
borrowers in these sectors became highly indebted and exposed to risks of declines in the
collateral value. However, such loans were not a problem as long as the bubble continued,
and large profits were made as real-estate values climbed. Unfortunately, the land-market
bubble ended around 1990. Speculators were stuck with un'developai'able land. Unable to
pay even the interest on their loans, they defaulted.

When a lending institution is burdened by to many non-performing loans (NPLs), it has to
declare itself bankrupt. In the mid-1990;s, numerous non-banks — including housing loan
companies §usen) -, cfedit cooperatives and regional banks became insolvent and were

liquidated. Banking system distress became increasingly apparent during the course of

* For more detailed review of the banking crisis of the J apanese economy, see, for example, Hoshi

and Kashyap (2001), Chapter 8. This book also contains excellent historical overview on
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1997. After some restructuring efforts, Hokkaido Takushoku Bank, a major city bank,
became unable to raise funds in the inter-bank market and had to announce its
discontinuation of business operation in November. Two large securities companies,
Yamaichi and Sanyo, went bankrupt and two major banks, Nippon Credit Bank and the
Long-term Bank of Japan, began to have management difficulties. In late 1998, Long-Term
Credit and Nippon Credit Banks were placed under temporary nationalization. The
government in a departure from its traditional “convoy” approach did not bail out banks.
5.2 Data

Figure 5.1 shows growth rates of M2+CD from 1980 Jan to 2004 April. Since after the
collapse of the asset price bubble in the early 1990's, M2+CD has not been growing fast
despite the BOJs seemingly easy monetary policy. The BOJ reduced the discount rate nine
times between 1991 and 1995 and eventually adopted a ZIRP, zero interest rate policy
(February 1999). Under zero interest rate policy, the BOJ moved to “quantitative easing”
(March 2001) to inject a monetary base into the banking system.
The effect of “quantitative easing” and stagnant movement of M2+CD can be clearly

~ discerned from Figure 5.2. Resulting decline of money multiplier is shown in Figure 5.3.

Japanese financial market.
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This reflects the persistent contraction of commercial bank lending shown in Figure 5.4.°
Commercial banks saddled with large NPLs have become risk-averse and have stopped
expanding new loans, even sometimes have withdrawn loans from corporate borrowers.
Instead, they have increased the holdings of long-term government bonds as “safe assets”
5.3 Banking Crisis and “Great Recession”

Monetary data shown in the section 5.2 seems to imply that commercial banks have not
performed financial intermediation functions. Taken this into consideration, one natural
research paradigm would be that of credit crunch literature®. Credit view focuses on bank
lending with the presumption that corresponding liabilities of firms and households play a
central role in the determination of reél activity. This school encompass credit rationing
models (Stiglitz and Weiss 1981, 1982), bank loan model (Calomiris and Hubbard 1990,
Bernanke and Blinder 1992, Kashyap, stein, Wilcox 1993, Friedman and Kuttner 1993) and
financial accelerator model (Bernanke 1983, Greeﬁwbod and Stiglitz 1993, Bernannke,

Gertler and Gilchrist 1996, Kiyotaki and Moore 1997).

5 Iida et all (2003) emphasize the movement of cash-reserve ratio has been another factor in
explaining the consistent decline of the money multiplier. '
® Posen (2003) took a rather different research strategy. He examined the issue of collapse of

asset bubble and resulting economic recession in cross country analysis.

—156—



%5 4% (one with What Wind?

Kiyotaki and West (1996) highlighted effects of asset price collapse on Japanese business
fixed invgstment. However, in so doing, they strongly implied that contractions of Japanese
investment were explicable as a decline in investment demand with no need to invoke bank
effects. Moreover, Woo (1999) finds support for a credit crunch only in 1997, at the height of
Japan's financial difficulties and ample lending available for most of the 1990’s.

However, a number research was very much supportive of “bank credit channel for
monetary policy” perspectives. Kwon (1998) estimates a standard monetary model including
land prices, showing a larger than expected foect on monetary policy on the Japanese
economy during 1964-93. He attributes this finding to the use of land as collateral. Ogawa
and Kitasaka (2000) show evidence consistent with the existence of a credit channel in
Japan; They have found that expenditure on fixed investment was much more sensitive to
bank loans for small firms than for large firms in Japan from 197 6 to 1995. Ogawa (2000)
estimates the vector autoregressive model with two competing hypothesis on the monetary
transmission: monetary and credit channels. Evidence was in support of the credit model.
Ogawa and Suzuki (2000) estimated a corporate demand model for bank loans using panel
data. They found that land played a significant role as collateral in mitigating borrowing

constraints and cash flow as well as land plays a far more vital role in the investment
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decision of the borrowing constrained firms. Kang and Stulz (2000) show that listed firms
whose debt had a highevr fraction of bank loans in 1989 performed worse and invested less
during 1990-93. In addition to this “credit crunch” factor, Miyao (2004) emphasized the
importance of “ever-greening” bank lending for the consistent stagnation of the Japanese
economy.
5.4 Monetary Policy

Since vast literature on Japanese monetary policy on the last decades exist, ranging
from good deflation view even to political aspects of the BOJ decision making, we focus here
only on the studies, using Taylor rule as analytical devices. The Taylor rule has been a
popular tpol to measure whether mdnetary policy is too tight or too lax, based on
information of the GDP gap and deviation of the inflation rate from the target inflation rate.
Bernanke and Gertler (1999) showed that monetary policy was too lax in 1989-19907 and too
tight from 1992 to 1996. Jinushi et all (2000) evaluated Japanese monetary policy using
estimated Taylor rule in the pre-bubble period as a good monetary policy reference. They

found a delay in monetary tightening for 1987-88, a delay in monetary easing for 1992-95,

" For a rather through analysis on the relationship between Japanese monetary policy and the

bubble, see, for example, Ito , T., and Iwaisako T. , (1995). See also Posen (2003) for the cross-
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and a delay in monetary easing for 1997-98. Refschnieder and Williams (2000) quantified
the effects of the zero bound on macroeconomic stabilization capability. They argue, under a
severe contraction, open-market operation alone may be insufficient to restore equﬂﬂorium.
Okina and Shiratuska (2002) criticized Bernanke and Gertler (1990) for their
recommendations of early tightening in the mid 1980s to prevent asset inflation was
impractical. Okina and Shiratsuka think that the foreward-looking inflation rate is a source
of problem. It is quite interesting to see that Harrigan and Kutter (2004) applied the
coefficients from the estimated Taylof rule for the United States and simulated the path of
the interest rate for Japan. They claim that had the overnight rate been set according to the
Fed’s policy rule, it would haye been reduced to zero by mid-1993 and remained there at
least trough 1995. Kamada (2004) shows various estimates depending on various
assumptions on output gap and data availability for decision making. Most of the
stimulated results show that the target rate in 2000 remained negative, suggesting that
lifting ZIRP in August 2000 was a mistake, although he refrains from such an

interpretation.

country analysis.
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6. Supply Side

Recgntly, Hayashi and Prescott (2002) highlighted a reduction in potential output growth
determined by a productivity slowdown and demographic eﬂ'ects. They have documented a
fall in total factor productivity growth, coupled with a reductiqn of the workweek length
from 44 to 40 hours between 1988 and 1993 due to the revisions on labor laws. According to
the standard growth model, the first shock would have reduced the slope of the steady-state
growth path and increased the steady-state capital/output ratio. On the other hand, the
latter shock would haye shifted the steady-state growth path down. Calibration of the mode
suggests that the stagnation of the Japanese economy over the 1990s is what the model
predicts. Hayashi and Prescott (2002) have pointed to policies which subsidized inefficient
firms and declining industry as causal factors of the productivity slow down. Such policies
may have impeded the introduction of new and more productive technologies. Yamaguchi
(1999) also advocated a productivity slowdown explanation. According to him, the
productivity slowdown may be relate to firm’s inability to adapt to changes and
globalization; Firstly, .non'performing loans would have led banks to retrain from providing
the capital necessary for the firms adapt to changes through new investments. Secondly,‘

laws, regulations, and the tax structure would have prevented firms to benefit fully of the
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revolution in information technologies. Thirdly, the rigid labor market would have
prevented necessary flow of labor from declining industries to ascendant industries and
from inefficient firms to efficient ones.

However, Fukao-Inui-Kawai-Miyagawa ,(2003) found that decline of TFT growth rate was
smaller than the figure in Hayahsi and Prescott (2002). Moreover, productivity of non-
manufacturing industries was, in fact, incregsing, not decreasing as Hayaéhi and Presscott
(2002) claims. Furthermore, improving estimation method and data, Inui and Gon (2004)
confirmed the findings of Fukao-Inui-Kawai-Miyagawa (2003).

In demand side explanations Krugman (1998), the productiy’ity slowdown can be seen as
an impulse mechanism, with other factor, such as wrong economic policies to bring the
ecnomy out of the liquidity trap, being the causal factor for the stagnation. Hayashi and
Prescott (2002) have argued against demand based explanation for the Japanese stagnation.
In fact, neither liquidity trap nor the credit crunch hypothesis seem to be valid explanations,
since the investment to output ratio would have not shown a decline during the 1990’s
relative to the 1980’s. They maintain that firms would have managed to find alternative
sources of investment to bank loans, for instance, by drawing down the land and financial

assets accumulated during the 1980’s. Hence, the fall in productivity could not just be
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considered as the impulse mechanism of the economic slowdown, but with the negative

labour suplpy shock, its actual causal factor.

7. Conclusion

After briefly reviewing existing literature, the most important issue at this point seems to
be the issue of demand versus. supply factor simply because the supply consideration may
increase its importance for the near future of the Japanese economy.

It is true that Japanese economy has been experiencing its third recovery process since
the bursting of the bubble economy and progress has been made in reducing the volume of
non-performing bank loans recently. However, not to mention “ever-greening bank loan”,
the misallocation of bank credit which has allowed zombie firms to operate seem to continue
to operate and banks seem to have not yet developed a competitive advantage with
consistent profitability. These factors may increase its importance for supply consideration
of the future Japanese economy. Moreover, it is well known that population growth declined
substantially, and the labor profile is rapidly aging. The Ministry of Health and Welfare in
1997 projected that, at the low end of the estimates, total population would peak in 127

million around 2004 and by 2050 have fallen 27% to 92 million. The share of the population
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65 or over has risen from 5% in 1950 to 17% in 2000, and is expected to reach 32% in 2050. It
is claimed that it is difficult for Japan to improve its technical level simply by borrowing
from abroad. Japan will face even more fierce competition with many Asian economies with
ample supply of labor. Manufacturing sector, which drove Japan’s growth, especially
productivity growth, but now employmgnt is falling in that sector. Or alternatively, though
it has been claimed rather frequently that the collapse of the Japanese stock market caused
Japanese recessions and ultra-slow growth in the 1990's just as the collapse of Wall Street
in October 1929 caused the Great Depression of the 1930's, one may argue if this great
recession were simply caused by a short-term reaction to the over-expanded economy of the
late 1980’s, brisk growth would have returned by now.

However, even the role of the importance of the structural changes in the last two decade
causing persistent decline of capacity growth path taken for granted, whether the
downward shift in the capacity growth path is responsible for this long recession or not, is a
totally different question. In other words, the origin of great recession and propagaﬁon
mechanism should be clearly discerned and fully analyzed but this issue, rigorously
speaking, requires stricter empirical formulation of the demand and supply factors, thus

awaits further research efforts.
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Since supply side literature is in its infancy, it is difficult to obtain final conclusion on pros
and cons of the two approaches. Nonetheless, as this issue has critical importance for the

policy options for the Japanese economy, it would not be appropriate to ignore supply

consideration all together.
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Figure 3.3
Stock Price
1980:01- 2004:04
45000
40000 +
35000 -
30000 -
< 295000 -
>
20000 -
15000 -
10000 -
5000 +
O .
=SSS5S5555555s5s5¢=
BRI RSINISFILISYF
0 O O O OO0 O O OO OO O
- - YT Y- v Y- v Y v ~ (Nl ANl A
Year

—174—



B 4%F Gone with What Wind?

Figure 3.4
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Figure 3.5 Money Market Rate
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Figure 4.1 Private Consumption
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Figure 4.2 Investment as percentage of GDP
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Figure 4.3 Growth Rate of Real Investment
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Figure 5.1
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Figure 5.2
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Figure 5.3
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Figure 5.4
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Abstract

Since 1970s, the Bank of Japan begins to reform its outdated rules and regulations
to change Japanese ﬁnanciél markets into completely liberal and international
financial markets. In the same period, J apanese economy also experiences a series of
grand events, such as “Nixon shock”, two oil crises and “Plaza Accord”, and so on.
Hence, some economists are interested in the effects of Japanese monetary policy
during these years. However, it seems that convergence has not been achieved yet,
regarding the effect of the monetary policy and appropriate policy instruments for the
BOJ.

Recently, a fundamental tool called the vector autoregression (VAR) is frequently
mentioned. This procedure is a convenient device for summarizing the first and second -
moment properties of the data. In the last two decades, a lot of literatures about
studying on the effect of monetary policy and the stance of the Federal Reserve Board
employed the VAR methodology. Yet, compared to such extensive research in the
United States, it seems peculiar that there exists only a small body of the VAR-based
monetary policy literature for Japan. |

This paper, therefore, attempts using a VAR methodology to uncover some
characteristics of Japanese monetary policy since 1970s. To achieve it, we construct a
VAR system using seven variables, industrial production, consumer prices, exchange
rate, Nikkei 225 average index, the call rate, broader money supply M2+CD, and the

credit from monetary authorities. In order to identify this system, we set the
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identifying conditions by modifying the methodologies used existing studies such as
Iwabuchi (1990). Considering the changes of the Bank of Japan’s rules and regulations
in this period, we estimate the system not only for full sample (1970:01-2002:12) but
also for three sub-samplesi 1970:01-1985:12, 1980:01-1995:12, and 1995:01-2002:12.

The main results of this paper are as follows. First, a shock in the call rate or money
supply has a significant effect on economic variables. In the 1970s and the early of
1980s, the interest rate policy played an important role. However, since the 1980s,
money supply’ role was becoming important. Study of full-sample also shows that the
Bank of Japan conducts monetary policy by treating both of the rate and money supply
as instrumental variables. Second, a shock in the exchange rate has only a limited
effect on economic variables, while it has no obvious variety as changing the sample
period. Third, the effect of a shock in the credit from central bank is very small in

whether full sample period or any sub-sample period.

1. Introduction

The role of the Japanese monetary policy in the long-lasting recession of the
Japanese economy, known as “Japanese Great Recession,” has been extensively
disucussed in the literature. This study use structural VAR methodology to reveal
character of the Japanese monetary policy as well as highlight its effects on the
economy.

Since 1970s, the Bank of Japan begins to reform its outdated rules and regulations
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to change Japanese financial markets into rather liberalized and international
financial markets. In the same period, Japanese economy also experiences a series of
grand events, such as “Nixon shock”, two oil crises and “Plaza Accord”, asset bubles
and its collpase, and resulting subsequent seve)re recessions, and so on. Hence, some
economists are interested in the effects of Japanese monetary policy using vector
autoregresssive time series framework. For example, concerning the issue, which -
policy instrument is regarded more important by the Bank of Japan, Kasa and Popper
(1997) argue that no single operating procedure can explain the Bank of Japan’s
behavior. It seems to have traded-off variability in non-borrowed reserves with
variability in the call rate. Shioji (2002) claims that the central bank influences the
private economy by controlling the total amount but not a specific component of
high-powered money in the short run. Miyao (2000?2002) questions that monetary
policy shocks have a persistent effect on real output especially in the rise and fall of

Japan’s “bubble economy” in the late 1980s. Mihira and Sugihara (2000) make VAR

approaches on measuring the stance of monetary policy in Japan. The results mostly
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support the call rate target.

It seems that consensus regarding character and effects of the Japanese monetary
policy has net yet achieved. In this study we further extend analysis on Japanese
monetary policy using VAR model. These argﬁménts arouse our interest in studying
Japanese monetary policy.

This paper therefore attempts using a VAR ‘met‘hodology to uncover some
characteristics of Japanese monetary policy since 1970s. To achieve it, we construct a
VAR system using seven variables, industrial production (IP), consumer prices (cP),
exchange rate (EX ), Nikkei 225 average index (NK), the call rate (R), broader money
supply M2+CD (M2), and the credit from monetary authorities (CR). By studying
this system, we hope to know what roles are played by R, M2, and CR in ecoriomyj
and how EX affects the other economic variables. In order to identify this system, we
use identifying conditions by modifying those of Iwabuchi (1990), -Christiano,
Eichenbaum, and Evans (1999) and Shioji (2000). Taking the changes of the Bank of

Japan’s rules and regulations in this period into consideration, we estimate the

—187—



% 5E Economic Fluctuation and Monetary Policy in Japan: A Structural VAR Approach

system not only for full sample (1970:01-2002:12) but also for three sub-samples:
1970:01-1985:12, 1980:01-1995:12, and 1995:01-2002:12.

The main results of this paper are as follows. First, a shock in the call rate or money
supply has a significant effect on economic variables. In the 1970s and the early of
1980s, the intérest rate policy played an important role. However, since the 1980s, role
of money supply was becoming increasingly more important. Full-sample results also
show that the Bank of Japan conducts monetary policy by treating both of the rate and
money supply as primary variables. Second, a shock in the exchange rate has only a
limited effect on economic variables, while the conclusion does not anonymously hold
for the sub-samples. Third, the effect of a shock in the credit from central bank is very
§mall both in full sample period or and sub-samples.

The structure of the pgper is the followings; In section two, existing literature of the
field will be briefly reviewed. Section three describes the data and model. In section

four emprical results are discussed. Last section concludes.
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2. Literatures review

2.1 Kasa and Popper (1996)

In order to study the objectives and operating procedures of the Bank of Japan
during the period of 1975-1994, they estimate a SVAR by using the approach of
Bernanke and Mihov (1995).

As thgy described, in the 1970s, the Bank of Japan conducted monetary policy
largely by controlling discount windows borrowing in two main ways, “moral suasion”
and “windows guidance”. The former is used to control banks borrowing at the
discount windows, while the latter is used to restrict bank lending. In 1981, the Bank
of Japan began to use open market operations, then in the mid-1980s, introduced a
financial liberaiization package, finally in 1988, deregulated the interbank market.

In their SVAR model, the vector of non-policy variables includes commodity price
index, a consumer price index, an index of industrial production, and the exchange

rate. While the vector of policy variable includes the call money rate, total reserves,
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non-borrowed reserves, and a measure of moral suasion. They use the difference

between the three-month CD rate and the two-month “Tegata” rate to measure the

extent of moral suasion. In the policy equations, the relationship between the

observable residuals #? and the unobservable random disturbances VP is as’

utr =_aucm +vd
ubr =ﬁucm_ 5um+vb
unbr :¢dvd+¢bvb +¢mvm +vs

ums - ,},bvb + J/svs + vm

)

The demand for total reserves described by the first equation negatively depends on
the change in the call money rate with strength o, and depends on demand
disturbance for total reserves. The demand for borrowed reserves described by the
second equation can be explained similarly. The third ‘and forth equation describe
monetary policy and the uée of moral suasion, respectively.

By this SVAR, they test five hypotheées about the conduct of monetary policy:

1) Non-borrowed reserves targeting: " =0, y"=0;

2) Call money rate targeting: ¢ =1, ¢* =8y’ —1;

3) Total reserves targeting: ¢ = —(B/ey, ¢" =8y° -1;
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4) Borrowed reserves targeting: ¢? =1, ¢° =(a/BX1-6Y");
5) Weighted non-borrowed reserves/call money targeting:
¢! =[l+o(e+p)I", ¢ =(1-6y")[1+a(a+p)]
where o isthe estimated’ratio of the weight on non-borrowed reserves and the weight
on the call money rate.

The results of tests show that the hypothesis 2, 3, and 4 are rejected and the last
hypothesis is much better than any single hypothesis. Thus, they argue that: “...no
single target can explain the Bank of Japan’s behavior. Instead, the Bank of Japan
appears to weight .both variation in non-borrowed reserves and variation in the call

money rate increasing over time...”

The merit of this paper is that it used the approach of Bernanke and Mihov (1995) to
study Japanese monetary policy (such papers are few). However, because of the
problems on the use of the non-borrowed reserves variable and the evidence, it invited

some criticisms, for example Shioji (2000) and Miyao (2002).
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2.2 Etsuro Shioji (2000)

To answer whether a specific component or total amount of high-powered money is
controlled by Japanese central bank to influence the private economy in the short run,
Shioji (2000) constructs two models. One called H model is based on the standard view
that the central bank controls the total amount of high-powered money; the other
called BL: model is based on alternative view that the central bank controls its loans.
The resﬁlts of analysis show that the former yields much more sensible estimates than
the letter.

The SVAR constructed in this paper contains eight variables: P-S-O-Y-R-M-H-BL.
They denote consumer price index, living expenditure of all households, new orders for
machinery, industrial production, short-term interest rate, money stock (M2+CD),
high-powered money and Bank of J apan loans outstanding, respectively. These
variables are divided into two sectors: non-financial sector (P, S, O, Y) and financial
sector (R, M, H, BL). The financial sector consists of four equations: the central bank

(CB), the M demand (MD), the H demand (HD), and the BL demand (BLD) equations.
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The identifying restrictions are given as

up 0 0 0 0 0 0 0 0 )fup e,
Ug a, 0 0 0 0 O 0 O U e
u, a, a3 0 0 0 0 0 0 |ju e,
uy | _|@p s a0 0 0 0 0 0 Uy |, &
u, | |0 0 0 0 0 a5 ay a4y (| u €cs
Uy agp Ggs o sy YV 0 0 Uy €up
Uy ap s o Gy G Gy 0 0 Uy €up
Ugy Qp s %o Gy Gr Yy %n 0 Upy €s1p

u’s are residuals from the first stage OLS estimation and e’s are structural shocks.
The H model is constructed by excluding BL from the central bank equation (ay; =0);
while in the BL model, H is excluded from the central bank equation (as; =0).

The results of impulse response analysis and variance decomposition analysis
support author’s view. The impulse response analysis for a “tight money shock (an
increase in ey ) show that: (1) in the H model, there is not the “liquidity puzzle™, in
the BL model, the response curve of BL goes down, not up, very strongly initially; (2)
in the H model, there is not the “price puzzle”, in the BL model, P goes up

significantly initially for nearly a year; (3) the responses of S, O, and Y are negative

11t is often seen in VAR analysis about US monetary policy. That is, in response to an
identified monetary policy, M (or H or total reserves) and R move in the same direction, but

not opposite.
2 Tt is similar to the “liquidity puzzle” that “in response to a tight money shock, P goes up,

rather than down”.
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and significant in H model, but not in BL model. While, variance decompositibn
analysis for H model shows that, (1) policy shock and demand shock have important
effects on R and monetary aggregates within one month; (2) policy shocks have larger
effect on P, S, O, Y in the long run; (3) policy shocks have long-lasting large effects M
and H.

Finally, the author compares his results with some papers about U.S. data. The
same conclusion is that response of price level to a policy shock changes slowly. Two
different points are, the author suggests that monetary policy shogks have relatively
large effect on output (over 40%) and contribute to more than half of the change in M

and H, while most studies about U.S. data are smaller.

2.3 Ryuzo Miyao (2000)

Miyao (2000) studied the effects of Japan’s monetary policy by estimating the
sample of 1975-1998 based on fhe VAR methodology, and argued that: “(1) monetary

policy has a persistent effect on real output over the full sample and the sub-sample
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thét ends in 1993, such effect disappears with the recent sub-sample of the 1990s; (2)
there is a break in the reduced form dynamic system in 1995.”

By considering that shocks to short-term interest rates are the indicator of
exogenous monetary policy, author builds two VAR models. One is a trivariate model
containing the call rate (r), industrial production (»), and the money base (m). The
other one is a four-variable model which contains (r ), (), (m), and nominal effective
exchange rate (e).

The optimal lag length is set to ten based on SBIC. Unit root tests are performed by
three methods. These three methods are the augmented Dickey-Fuller (1979) test
(ADF), a modified Dickey-Fuller test based on GLS detrending series (DF-GLS) and
the sequential minimal Dickey-Fuller (BLS). For the variables in levels, no one of all
three tests rejects the null hypothesis of a unit root. For the variables in first
differences, two tests (ADF and DF-GLS) reject the null hypothesis. Cointegration
tests are also performed b.y employed following methods: ADF (Dickey-Fuller [1979)),

JOH (Johansen’s [1988], Johansen and Juselius’s [1990]), ADF*-C/T and ADF"-C/S

—195—



% 5% Economic Fluctuation and Monetary Policy in Japan: A Structural VAR Approach

(Gregory and Hansen [1.996]). All tests do not reject the null hypothesis of no
cointegration. Thus, the SVAR model is formed in first differences without an error
correction mechanism as:

A(L)AX, =¢,,
and is identified by Choleski decomposition.

Author estimates the impulse responses for all variables in levers up to 120 months,
and computes one standard error bond by a Monte Carlo integration procedure with
500 replications. The results of estimating three-variable model show that: a) A rise in
the call rate €, causes negative persistent effects on both real output and monetary
base; b) A real disturbance €, has positive effects on the call rate and output; c¢) A rise
in the monetary base ¢, has positive effects on the real output or on the call fate. The
main results of four-variable model are similar to the above. In addition, a rise in the
exéhange rate has positive effect on the real output and negative effect on the call rate.

In order to examine the possible structural shift in model, author »also estimates real

output responses in two sub-sample: 1975:1-1993-12 and 1990:9-1998.4, and compares
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two results with the results of the full sample: in the former sub-sample, ¢,,¢, and ¢,
shocks have similar effects on real output with the full sample; while in the latter
“sub-sample, only €, and ¢, shock have similar effect on real output with the full
sample, bgt e, shock has a very limited effect on real output, and ¢, shock has a
limited, slightly negative effect on real output. Based on these facts, author argues
that there is a significant break in the role of monetary policy in sometime during the
1990s. The results of structural stability test find that, three-variable model rejects
the null hypothesis of no structural shift against the alternaﬁive of a structural shift in
1995 apd 1996, and four-variable model rejects the null only in 1995. These indicate
that if the parameter values ever shifted, it is most likely in 1995.
At the end of vpaper, it is mentioned that by incorporating the price level p into the
models, the real output responses in four- and five-variable models ((r,p,y,m),

(r,p,y,m,e)) are similar to those obtained before.
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2.4 Ryuzo Miyao (2002)

In this paper, author imports the stock prices as a measure of asset prices in Japan
into VAR model. ‘The main result is that “monetary shocks in fact have a persistent
effect on real output especially in the rise and fall of Japan’s ‘bubble economy’ in the’
late 1980s.”

The paper first describes the institutional features of operating procedures of the
Bank of J apan, and argues that “the call market rate, not monetary aggregate, is
arguably the best monetary policy measure in Japan and that the interest rate is
predetermined for monetary aggregates.” Then it forms a VAR model by employing
four variables: the call rate (r), the monetary base (m), stock price (p,), and
industrial production (y). Before estimating the VAR, it also takes preliminary unit
root testsv(ADF test and DF-GLS test) and cointegration tests (JOH test and ADF test).
These tests show that the null hypothesis of a unit root against no unit root is not
rejected for all variables in levers, but strongly rejected in first difference, and

cointegration is not strongly supported in this system. So the dynamic system is
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formed in the first differenced without error-correction mechanism.

By using the similar procedure to Miyéo (2000), it obtains the results of impulse
responses analysis as followsi_ (1) A call rate shock (contractionary monetary policy)
has a signiﬁcant persistent negative effect on real output, a negative effect on stock
prices, and a negative effect on monetary base; (2) A monetary shock has positive
effects on the call rate, stock prices, and the real output; (3) Stock price shock has a
long-lasting effect on real output and plausible positive effe(;,ts on the call rate and the
base money; and (4) A real output shock slightly raises the stock price. This paper also
describes four historical decompositions of real oufput, and indicates that the
structural disturbances have close relationship with real output.

Finally, by examining several alternative frameworks using different ordering
(four'yariable) and comparing the long-run responses of output, it finds that, in all
case, a call rate shock has a significant effect on real output (—0.81 to —0.85), and the
benchmark results seem to be fairly robust. The results of impulse responses and the

historical decomposition also exhibit the similar results.
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2.5 Ryuzo Miyao (2003)

Since the Bank of Japan lowered its discount rate to 0.5% in 1995, it seems that
more attentions are paid to Japanese central bank’s policy about foreign exchange
intervention. To test whether depreciation of Yen has strong effect on Japan economy,
Miyao (2003) estimates three VARs containing exchange rate, and argues that
depreciation of Yen has not so strong effect as expected.

Three VARs afe constructed by (EX,IM ,e), (EX,r,IM ,e), and (EX,y,IM ,e).
The signs of EX,IM ,y,r, and e denote export, import, real GDP, the call rate and
exchange rate, respectively. The ideni:ifyingr condition is set as a standard short-run
recursive type. The export is set as the first exogenous variable and the exchange rate
is set as the first endogenous variable. The results of all three VARs show that
exchange rate shocks have significant negative effects bon import, and have smaller
positive effects on export initially but negative effects in the long-run. The latter two
models show that exchange rate shocks have positive effect on the call rate and

negative effect on real GDP. The strength of both two effects are not large.
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It is similar to his former papers, author tests a series of alternative models
constructed by changing the ordering of variables and a VAR containing five variables
(EX,r,y,IM ,e). There is no variety in the main results about the effect of exchange

rate.

4. Data and Model

4.1Data

The aim in this paper is to attempt to measure and compare the effects of Japanese
monetary policy for full sample and three sub-samples (1970:01-1985:12, 1980:01-
1995:12, and 1994-2002:12). Incidentally, we also study the effects of exchange rate on
other economic variables.

To achieve it, we modify the procedures used by Iwabuchi (1990), Christiano,
Eichenbaum, and Evans (1999), and Shioji (2000). The SVAR is composed of three
kinds of endogenous variables: economic aggregate variables (non'policy variables),

policy target variable and policy instrument variables. Here, the following
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macroeconomic variables are chosen to characterize the economy. Non-policy variables
include industrial production (IP), consumer prices ( cP ), exchange rate ( EX ), Nikkei
225 average index (NK ). The call rate (R) is policy target variable. Policy instrument
variables include broader money supply M2+CD (32) énd the credit from monetary
authorities (CR).

Industrial production can be used to measure the real economic activity. Consumer
price is an inflation indicator. NK is used to approximately represent the variety in
asset price®, The reason for inclusion of exchange rate is that the Bank of Japan also
concerns exchahge rate when monetary policy is made. The call rate is commonly
policy variable of the central bank. M2 and CR can be used to describe monetary
supply and the credit of the Bank Qf Japan.

Significantly, however, the exchange rate or stock price is not often introduced in
VAR analysis of Japanese data. Considering‘ three probable reasons, we suggest to

introduce exchange rate as an important variable into our models. F irst, Japan is the

? This technique is also used in Miyao (2002).
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second large liberal economic country in the world. Its economic policy should have
effect, at least to some extent, on the world’s economic activity. Secondly, since
Japanese economy relatively relies on importing materials and exporting its
productions, the variety of exchange rate should affect import, export, and the whole
economy of Japan. Thirdly, the Bank of Japan’s intervention behavior in exchange rate
should be reflected in its monetary policy. As shown in Table 1, all correlation
coefficients between exchange rate and other variables are larger than 0.6. Especially,
the coefficients concerning IP,CP, and M2 are larger than 0.9 or less than —-0.9. It
also supports the use of exchange rate in our model.

All the data are monthly observations for the period of 1970:01-2002:12. Except for
the call rate, all the variables are expressed in logarithm and multiplied by 100. The

sources of the data are summarized in Table 2.

4.2 Unit root test

Before constructing the models, in order to examine the stability of the series and
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prevent the existence of cointegrating correlation, we perform two unit root tests: the
augmentéd Dickey Fuller test (ADF) and the Phillips-Perron test (PP). For both tests,
the null hypothesis of a unit root against no unit root will not be rejected if the ADF
test statistic (or the PP test statistic) is lager than the critical values at a significant
level, on contrary, it is rejected. We test all variables for lag length from one to twelve
in two circumstances: levers and first difference with one-period lag. The results are
summarized in Table 4. In both tests, we find no rejection for mostly variables in
levers, but strong rejections for all variables in first difference. Therefore, we can

construct a SVAR with the first differenced data without error-correction mechanism.

4.3 Decision of lag length

The optimum lag length is decided by calculating AIC statistics and SC statistics®
for the set of variables: (IP,CP,EX ,NK,R,M?2,CR) with 6, 8, 10, 12, 18, 24 lags. The

results reported in Table 3 show that both of the AIC statistics and SC statistics are the

* AIC: Akaike’s information criterion. SC: Schwartz criterion.
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smallest for 6 period lags. So the lag length is decided to 6.
4.4 model

The SVAR is set as
AZ =c+ AL)Z_ +¢€, | 2)
A(L) =A1L+A2L2 et 4,10
Then, Z, is divided into three blocks,

Z=(x, S, X,) 3)
where X, (k;x1) describing the non-policy variables, X, (k,x1) describing the policy
instrument variables, and S,(1x1) describing the policy target. The number of all
variables ié k =k +1+k,. While, the recursiveness assumption for identifying the

SVAR is given as

a, G, a;
kxky kXl kyxks

Ay=|ay, a, ay; (4)

kK Ixk

a; Gy Qg
ol Xl e,

In our study, X, contains four endogenous non-policy variables (IP,CP,EX ,NK , and
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k;=4), the call rate (R) is policy target variable, and X, contains two policy
instrument variables (/2 ,CR, and k,=2). The ordering of variables is
(IP,CP.EX ,NK JR,M2,CR). We suggest the following assumptions for coefficients
matrix 4, :

1) a, and ay; are lower triangular matrices (according to the results proved by
Christiano, Eichenbaum, and Evans [1999));

2) Both of policy target variable and policy instrument variables have no
contemporaneous effect on all non-policy variables (a, = a,, = [00);

3) Policy maker sets the policy target and the policy instrument by seeing the
current observations of non-policy variables ( ay, ay #[01);

4) Policy target variable has contemporaneous effect on policy instrument variables
(ay, #]0).

Hence, 4, is reified as,
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1 0O 0 0 0 O
ay 1 0 0 0 0 O
ay, ap, 1 0 0 0 O
4=|a, a, a, 1 0 0 0 ' (5)
as; 4, Gs3 G Gss Qs Qs
dg G G Gy G5 10
(a, a, a; a, a5 a; 1]

We also assume that there are four possible choices Whgn the Bank of Japan make
monetary policy: see no current information of any policy instrument, sees only the
current information of money supply, sees only the current value of the credit from
monetary authorities, and sees bothkof them. By modeling these assumptions, we can
obtain four models:

R-model: see no current value of the instruments variable R: Qs =05, =05

R-M2-model: see the current value only of M2: ay#0, and a5, =0

R-CR-model: see'the current value only of CR: as,, =0, and a5, #0;

R-M2-CR-model: see both current values of M2 and CR: ay ;t 0, and as, #0.

In order to examine the effects of monetary policy in different periods, employing
these models we estimate impulse responses of all variables and forecasting error

variance decomposition for full sample and three sub-samples.
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5

5. Empirical Results

5.1 Results for full sample

The éﬁmulative impulse responses of variable to one standard déviation innovations
are calculated by a Monte Carlo integration procedure with 500 replications, and up to
120 periods.

R-model:

Figure 1 shows the accumulated impulse responses of all seven variables to shocks
in three policy variables and exchange rate in R-model.

From row 1 of Figure 1, we understand the responses of each variable to the call rate
shock:

1) The call rate shock has a negative effect on /P. In the long-run, this negative
effect is about —0.8. It is consistent with the result (-0.81) calculated in Miayo (2002).

'2) The second graph shows an unexpected pattern that the call rate shock has a

positive effect on consumer prices. It means that consumer prices jump up after a tight
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monetary policy shock. It is called the “price puzzle”, which is frequently appeared in
VAR analysis of monetary policy.

3) Exchange rate has a significant drop after the call rate shock, then comes back
and exceeds the former level after about 10 periods. The reason of the decline in
exchang@ rate may be considered as follows. If the call rate of Japan is higher than
those of other countries, in the short run, foreign capitals will flow into Japan for
benefits of the difference of the call rate betweeg Japan and foreign coﬁntries. This
flow will cause Japanese Yen’s appreciation. The increase after 10 periods may be
caused by other reasons, for example, the change of foreign central bank’s monetary
policy, or the decline of doinestic output in long-run, etc.

4) The shock in call rate causes a fall in stock prices. If the call rate jumps up,
domestic individual likely holds more currency than before. For this reason, the
capital invested in stock market will decline, and stock prices drop down. From the
fourth graph, we can also observe that the long run negative effect on stock prices is

" about —1.6. It corresponds to the result of Miyao (2002) again (it is about -1.5 in there).
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5) The call rate shock has a positive effect on itself,

6) The call rate being raised means a tight monetary policy. To correspond to this
policy, money supply will be reduced. The “liquidity puzzle” is not seen here.

7) The 7th graph also shows an unexpected result that the call rate shock has a
positive effect on credit from central bank. In general, if a rising of the call rate causes
a rising cost of capital, the credit from central bank will decrease.

The graphs in row 2 display the impulse response to a money supply shock. Because
a positive shock in the call rate is equivalent to a negative shock in money supply. Both
of them mean a tight monetary policy. Therefbre, we can see opposite impulse
responses from row 2 to those in row 1. But the fifth graph. also shows that money
supply has a positive reaction on the call rate in the Iong-run. It suffers from the
“liquidity puzzle”. Significantly, the “price puzzle” is not found here. The first graph in
row 2 shows a perfect curve exhibiting that IP has an obvious and persistent rising
after a positive money supply shock.

In general, a rising credit from central bank means a loose monetary policy. Its
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effect on other variables should be same as the effects of a positive money supply shock.
The graphs (except the first one and the third) in row 3 exhibit an expected pattern.
However, as we will see later, the results of variance decomposition described tell us
that the contributions of CR on the other variables are very small.

In addition, in order to examine the role of exchange rate in Japanese economy, we
also try to study how a shock in exchange rate affecfs the economic variables and
policy variables by the graphs in row 4. A positive change in exchange rate is
equivalent to the depreciation of Japanese Yen. As shown in the first graph, when a
positive shock occurs in exchange rate, the output jumps up with a small range at once,
then drops quickly with larger range after 6 'periods. Its long-run effect on IP is
negative. It seems that this phenomenon can be explained by associating with the
characters of Japanese economy. In the short-run, depreciation of Yen means the
prices of exported become lower than before. It will stimulate domestic firms to expand
their production and increase exports. On the other hand, Japan not only exports its

productions to foreign countries, but also imports a lot of merchandise from other
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countries. Yen’s depreciation leads thecosts»of many Japanese firms to become larger
because these firms have to pay more money to buy the materials. In addition, the
depreciation of Yen may also decrease the amount of total net asset, total investment,
and total consumption in Japan. All of these may cause a decrease in outputs. While,
the depreciation of Yen will increase foreign country’s demand for domestic production,
so the prices level will raise. This is clearly displayed by the second graph in row 4.
The fourth graph shéws that a positive shock in exchange rate decreases the stock
prices. The reasons should be explained as follows. First, as described above, the
depreciation of Yen will decrease the total net asset. So domestic investors will cut
their investment in Japanese stock market. Secondly, when the foreign investors
invest their capital into Japan, they care about not only the returns counted by Yen,
but also the returns counted by their national currency. If exchange rate is stable, the
profit is only decided by the projects they invested. If exchange rate is not stable, the
capital return is correlated with exchange rate. Thus, in long run, the depreciation of

Yen may decrease the return of foreign capitals and then foreign capitals in Japanese
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stock market will be cut. The rising of exports will expand the demand for domestic
money. The central bank will increase money supply or raisg official rate to adjust this
disequilibrium. The 5th and 6th graphs show these positive correlations. The last
graph in row 4 tells us that the exchange rate disturbance leads credit from central .
bank to fluctuate in the short-run, but has no persistent effect on it.

R-M2-model:

The graphs in Figure 2 describe the estimated dynamic responses to the shocks in
R-M2-model.

In row 1, the first, third, fourth, and sixth graphs are similar to those in R-model.
However, the strength of the effects is larger (in R-M2-model, they are about -1.0, +0.3,
-2.5, -1.0, but in R-model, they are about -0.8, .+O.1, -1.6, -0.4, respectively). It
represents that the call rate shock in R-M2-model affects output, exchange rate, stock
prices and money supply with the same form but larger power. The second graph
displays a better result that the “price puzzle” is mitigated. To respond the shock in

the call rate, consumer prices rise for 10 periods, then drop to zero after 25 periods,
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and finally stops at —2.5. It means that a positive shock in the call rate has a negative
effect on prices in the long-run, but not a positive effect as shown in R-model. The fifth
graph and the last graph exhibit the same effects in both size and form as that in R-
model.

In row 2, the fifth graph shows that the long-run effect of money supply disturbance
on exchange rate is smaller (+0.2) than that in. R-model (+0.6). It is not surprise’ that
the effect of disturbance becomes smaller, because policy maker he set the rate policy
by referring the current information of money supply. Other graphs are identical to
those in R-model.

All graphs in row 3 and row 4 show the same results as those in R-model.
R-CR-model:

All shock’s dynamic effects estimated from R-CR-model are completely equivalent to
that from R-model. It means that monetary policy has the same effects on variables

whether or not policy maker sees the current information of credit from central bank.

R-M2-CR-model:
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Similarly, by estimating R-M2-CR-model, we obtain the same dynamic responses as
those in R-M2-model. This result represents that monetary policy have the same
effects whether policy maker sees or does not see the credit from central bank.

Thus, we can summarize our results as foliows. For full sample, both of the call rate
shock and money supply shock have significant effects on economic variables and
policy variables. Monetary policy shock has more significant effect in R-M2-model
than that in R-model. R-M2-model does not suffer the “price puzzle” and the “liquidity
puzzle”. The shock in the credit from central bank has very small effect on other
variables, and does not affect the effects of monetary policy shock. It can be ignored, at
least, when we study the effects of Japanese monetary policy for full sample. As a
non-policy variable, exchange rate also has sizeable effect on other variables.

In order to verify the conclusions above, we also study the forecasting error variance
decomposition of non-policy variables. The results of these variance decompositions
calculated for 60 periods are summarized in Table 5.

The contributions of CR are very small (< 0.02), so that these can be ignored.
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R has significant contributions to IP, CP, EX and NK in all four models. The
values of R in R-model and R-M2-model are almost identical to those in R-CR-model
and R-M2-CR-model, respectively. The values of R on [P and NK in R-model (or R-
_CR-model) are smaller than those in R-M2-model (or R-M2-CR-model). On the other
hand, the values of R on CP and EX in R-model (or in R-CR-model) are larger than
those in R-M2-model (or R-M2-CR-model) until 24 periods, and then become smaller
afterwards. The values of £X in R-model (or R-CR-model) are larger than those in
R-M2-model (or R-M2-CR-model).

Similarly, M2 has significant contributions to /P, CP, EX and NK, too. The
values of M2 in R-model and R-M2-model are almost identical to those in R-CR-model
and R-M2-CR-model, respectively. The contributions of A2 on IP, CPand NK in R-
M2-model (or R-CR-model) are larger than those in R-M2-CR-model (or R-M2-CR-
model). The contributions of /2 on EX in R-model (or R-CR-model) are smaller than
those in R-M2-model (or R-M2-CR-model). M2’s contribution to NK is obviously large

(mostly larger than 30%).
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All values of EX in four models are almost eciuivalent. The values of EX on NK are
relativity significant (2.4-3.1), but the others are relative small (0.01-0.44).

By these evidences, we can yield such results; R-model is better than R-CR-model,
and R-M2-model is better than R-M2-CR-model. But we can’t judge which one is better
between R-model and R-M2-moel. Additionally, exchange rate shock has a significant
effect on NK, but relative small effects on other non-policy variables.

By the above analysis, we come to the following conclusions for full sample. When
we analyze Japanese monetary policy's effects, 1) the effects of credit from central
bank on economic variables can be ignored because they are very small; 2) R-model
and R-M2-model are better than R-CR-model and R-M2-CR-model; 3) the results
estimated from R-M2 model are more significant than those from R-model since the
“price puzzle” is mitigated in the former; and 4) exchange rate shock has significant
effects only on stock prices.

Thus we can understand that, in full sample period, the Bank of Japan conduct

monetary policy by controlling both of the call rate and the money supply, but not
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credit from central bank.

5.2 Results for sub-sample

As described before, since 1970s the Bank of Japan’s monetary policy experiences

many reforms. So we are also interested to know the effects of Japanese monetary

policy in different periods.

We fractionalize full sample to three sub-samples, 1970:01-1985:12, 1980:01-

199512 and 1995:01-2002:12. In the first sub-sample period, Japanese economy

experienced its high-speed growth, and the Bank of J apan conducted monetary policy

largely through the ‘moral suasion” and “windows guidance™. In the second sub-

sample period, Japanese economy experienced an interim from high-speed growth to

the burst of “bubble economy”, the Bank of J apan completed its adjust at the end of

this period. The important characters of monetary policy in the third sub-sample

period are complete financial liberalization and zero interest rate policy. Using the

same procedure, we study the effects of monetary policy for these three sub-sample
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periods.
5.2.1 Sub-sample one: 1970:01-1985:12

By the same identifying conditions, we first estimate four models for the first sub-
sample. Unfortunately, we can only obtain the results for R-model and R-M2-model.
The computations for R-CR-model and R-M2-CR-model are failed. Two possible
reasons are considered for these failures. One is that the identifying condition is not
appropriate, and the other is that the length of data is not enough (the same
estimation is successful for full sample).

Figures 5 and 6 exhibit the dynamic responses of variables in R-model and R-M2-
model, respectively. We can find that the graphs in two Figures are similar to those in
full sample. However, it is necessary to pay attentions to some differences.

In Figure 5, the third graph of row 1 shows that exchange rate has a negative
reaction to a positive shock of the call rate. This is equivalent to Miyao (2003). The

first, fourth, and fifth graph in row 2 show that IP, NK, and R jump originally after a

5 See Kasa and Popper (1997).
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shock in money supply. Associate with the else graphs in this row, we can find that the
strength of effects of monetary policy is relatively larger than those in Figure 6. The
fifth graph in row 2 shows also that money supply shock has a negative effect on the
call rate after 25 periods. The “liquidity puzzle” is not distinct here.

The effects of credit from central bank are vgry small too. This conclusion is also
affirmed by latter results of variance decomposition analysis.

Comparing the effects of exchange rate shock in these two Figures with those in full-
sample, no obvious variety ié observed. This tells uS that the effect of exchange rate
shock does not change efren if changing the sample 1-)eriod. This result is similar to
Miyao (2003) again.

Table 6 reports the results of forecasting error variance decompositions. From it we
can yield the similar results to those for full sample. The contributions of credit from
central bank are very small. The contributions of R and M2 to non-financial
variables in two models are significant. The values of R on /P in R-model are smaller

than those in R-M2-model, but the other are larger. The values of M2 on IP and CP
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in R-model are larger than those in R-M2-model, and the other are smaller. Exchange
rate shock’s contributions to other non-financial variables are not large ( <1.26%).
By this case, we have the following conclusions. Policy maker does no’g see the credit
from central bank when monetary policy is set. R-model is seems better than R-M2-
‘model since the former does not suffer from the “ liquidity puzzle” and the latter does
not give us a satisfied result for the effect of money supply shock on output. There is

not obvious variety in the effect of exchange rate shock.
5.2.2 Sub-sample two: 1980:01-1995:12

In this case, our calculations for R-CR-model and R-M2-CR-model are failed again.
So we can only obtain two models results. Figure 7 and Figure 8 display these
dynamic responses. It is interesting that two Figures are almost equivalent.

In row 1, the third graph displays that tight monetary policy has a negative effect on
exchagge rate Whether in the long run or in the short run. This is identical to R-model

for the first sub-sample, but different from that for full sample. The fourth graph is
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different from those in any of former cases. It is difficult to explain that tight monetary
policy leads stock price to rise in the long run. One possible reason can be considered
as that rise of stock price in period of “bubble economy” due to not only monetary
policy but also many factors that are not introduced in our model.

In row 2, the third graph shows that a shock in money supply has a temporary
negative effect on exchange rate. The fifth exhibits the “liquidity puzzle” again.

The first graph in row 4 tells us that a shock of Yen’ depreciation leads output to
rise.

Variance decompositions reported in Table 7 also show the same result that the
contributions of shock in credit from central bank are smgll, and the values of R on
CP are small too.

In this case, the results of dynamic response analysis of two models are almost the
same, thus the results of variance decomposition do not provide us more useful

information. We can’t judge which model is better.
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5.2.3 Sub-sample three: 1995:01-2002:12

Ih this case, our caléulations are failed again in the R-M2-CR-model. The results of
dynamic response analysis on other three models are represented by Figure 9-Figure
11. Because Figure 11 is completely identical to Figure 9, so we explain Figure 9 only.

In Figure 9, most results are similar to those in full sample casg. However, in row 1,
the first graph represents that output has a positi{fe reaction to the call rate shock.
The second one reports that a positive shock in the call rate has a negative effect on
price level, and the “price puzzle” disappears here. The “liquidity puzzle” appears in
the fifth graph of row 2, but it is not obvious.

In Figure 10, the first graph is similar to Figure 9. It displays unexpected result that
output reacts positively to a shock jn the call rate. The second one shows the “price
puzzle” again. Another an expected result is the first one in row 2. To a shpck in money
supply, output reacts positively until about 20 periods, but negatively afterward
stable.

There is no obvious variety in the effects of exchange rate shock.
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Table 8 shows the results of variance decompositions for the third sub-sample. It
represents the following facts. The contributions of R in R-model and R-CR-model are
mostly identical. The values of R on IP, CP and NK in both models are obviously
smaller than those in R-M2-model, but the values on EX are larger. The contributions
of M2 in R-model and R-CR-model are mostly identical, and all values of M2 in two
models are obviously smaller than those in R-M2-model. It is considered as that if
policy maker set the rate policy by consulting contemporaneous value of money supply,
money supply shock will affect economy partly througﬁ the rate policy, as a result,
money supply shock’s direct effect become small while the effgct of the call rate rise.

The contributions of exchange rate are small.

Thus, we obtain two cpnclusions. One is that recent monetary policy of J. apan seems
to be set by considering both of the call rate and money supply. The other one is that
exchange rate shock’s effect has not obvious variety as changing the sample.

In 1970s and the early of 1980s, the Bank of J apan seems to treat the rate policy as

its main instrument. In the latter two sub-sample periods, Japanese central bank
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seems to conduct monetary policy with thinking both of the rate policy and money
supply. We find no evidence can prove the credit from central bank or exchange rate
played important role in monetary policy. The effects of both of them are small, and
have not obvious variety as changing the sample. It is a pity that we can’t yield more

satisfying representation for the second sub-sample by our models.

6. Conclusion

In this paper, we first introduce the procedure of VAR analysis, and then, review
some recent literatures studying the effects of Japanese monetary policy and éxchange
rate policy by VAR method. Finally, we achieve a VAR approach of measuring the effect
of monetary policy shock and exchange rate shock in Japan.

Our study includes two parts: estimating full sample (1970:01-2002:12) and
estimating three sub-samples (1970:01-1985:12, 1980:01-1995:12 and 1995:01-
2002:12). The full sample results show that (1) a shock in the call rate or money supply

has a significant effect on economic variables; (2) the Bank of Japan conducts
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monetary policy with attaching importance to both of the call rate and money supply;
(3) the effect of a shock in the credit from central bank is very small; and (4) the
exchange rate shock has only a limited effect on economic variables. As represented in
Table 9, for full sample, R-M2-model is better than others. While, the latter tells us the
following conclusions. In the 1970s and the early of the 1980s, although the Bank of
Japan controlled bank’s borrowing and lending to conduct monetary policy®, the effect
of shock in the call rate is obviously large. In other words, the Bank of Japan tréats the
rate policy as primary policy instrument in that period. In the third sub-sample period,
the rate policy shock also holds significant impact on economic variables. Although the
use of the rate policy is limited since the discount rate is lowered to 0.5% in 1995,
Japanese monetary policy can affect economy by controlling both of the rate policy and
rﬁoney supply. In all three sub-sample periods, no evidence can provide the credit from
central bank or exchange rate holds large impact on economy. Similar to those in full

sample, the effect of a shock in credit from central bank is very small, and the effect of

¢ See Kasa and Popper (1997)
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exchange rate is limited, while it has no obvious variety as changing the \sample
period.

Of cause, these conclusions are not final, as there exists some problems in our study.
It is necessary to pay more efforts to study them in the future. First, some unexpected
results, for example the “liquidity puzzle” and the “price puzzle”, are obtained in our
study. While we find that it is possible to weaken these phenomena by adjusting the
variables in the system or changing sample period. It may be difficult, but very
important to uncover and avoid these phenomena completely. Secondly, a part of
calculations for sub-}sample are failed. The possible reasons are considered as that the
length of data is not enough or the identifying condition is not optimal. Finally, in the
second sub-sample period, because the calculations of two models are failed and two
estimated dynamic responses are mostly identical, we can’t obtain more information
to help us know monetary policy’s character in that sub-sample period. Considering
that Japanese economy experience a period from high growth to burst of “bubble

economy”, the effects of monetary policy ought to have some special characters in that
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period. We will try to study it by employing other procedures in the future.
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Table 1 The correlations of variables

CP CR EX IP M2 NK R

CP 1.00 0.58 -0.92 0.93 0.91 0.71 -0.63
CR 0.58 1.00 -0.64 0.62 0.70 0.46 -0.43
EX -0.92 -0.64 1.00 -0.94 -0.93 -0.78 0.71-
P 0.93 0.62 -0.94 1.00 0.94 0.83 -0.65
M2 0.91 0.70 -0.93 0.94 1.00 0.68 -0.77
NK 0.71 0.46 -0.78 0.83 0.68 1.00 -0.41

R -0.63 -0.43 0.71 -0.65 -0.77 -0.41 ~1.00

Table 2 Data and sources

P Industrial production (seasonally adjusted) IFS line 66¢c

CcP Consumer prices IFS line 64

EX Exchange rate (market rate) IFS line rf

R Call money rate IFS line 60b

CR Credit from monetary authorities IFS line 26g

NK Nikkei 225 average index The Bank of Japan
M?2 M2+ CD

The Bank of Japan

The homepage of the Bank of Japan: http://www.boj.or.jp

Table 3 Results for lag length test

Sample Period

Statistic

1970:01-2002:12

1970:01-1985:12

1980:01-1995:12

1995:01-2002:12

AIC
SC
AIC
SC
AIC
SC
AIC
SC

6

8 10 12 18 24
30.21 30.36 30.31 31.65 32.92
34.29 35.46 36.44 40.93 45.41
32.84 33.67 33.92 36.58
39.83 42.45 44.51 52.78
32.55 33.11 33.51 35.99 37.45
39.31 41.55 43.60 51.07. 57.52
31.77 32.99 31.52
42.43 46.26 47.41
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Table 4 Results of unit root test

Variable Statistic 12 11 10 9 8 7 6 5 4 3 2 1
IP level ADF
PP

dit ADF 612 -532 -5.00 -4.69 -448 -491 -523 -534 -562 -6.03 -7.72 -13.08
PP -24.94 -24.86 -24.75 -24.64 -24.50 -24.36 -24.24 -24.13 -24.06 -24.06 -24.06 -24.52

CPlevel ADF -3.51 -4.03 -3.59 -4.01 -452 -466 -5.06 -6.00 -6.06 -7.19 -6.58

PP -5.95 -6.14 -6.26 -6.37 -6.56 -6.79 -7.07 -7.36 -7.60 -7.73 -7.80 -7.80
-3.90 -4.99 -6.82 -8.38 -12.04
PP -16.72 -16.33 -16.08 -15.85 -15.51 -15.19 -14.85 -14.54 -14.31 -14.18 -14.11 -14.25

dif

EX level

dif.
PP -14.08 -14.02 -13.98 -13.99 -13.98 -13.98 -14.05 -14.12 -14.14 -14.13 -14.12 -14.25

NKlevel

&if,
PP -19.69 -19.66 -19.64 -19.61 -19.60 -19.59 -19.58 -19.58 -19.56 -19.56 -19.55 -19.55

R level

dif.
PP -15.28 -15.15 -15.08 -14.98 -14.82 -14.65 -14.44 -14.19 -14.02 -13.82 -13.59 -13.58
M2 level ADF -3.58 -5.89 -3.83 -3.58 -4.79 -6.01 -6.65 -10.39 -9.83 -10.02 -11.50 -7.75

dif. ADF -4.27 -4.37 -795 -8.57 -8.58 -9.93 -10.35 -8.59 -12.07 -10.60 -11.09 -16.52
PP -23.94 -24.36 -23.96 -23.61 -23.36 -22.93 -22.65 -22.61 -22.37 -22.31 -22.36 -22.25

Note: The critical values are: ADF PP
1% Critical Value -3.4494 -3.4490
5% Critical Value -2.8693 -2.8691
10% Critical Value -2.5709 -2.5708
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Table 5 The variance decomposition for full sample: 1970:01-2002:12
R-model R-M2model
Period| IP CP EX NK R M2 CR P CPp EX NK R M2 CR
Ir 6 88.49 473 0.27 0.13 1.85 453 0.001 |88.66 4.74 027 0.13 256 3.65 0.001
12 | 80.56 9.60 0.39 0.17 286 6.42 0.001|80.77 9.62 0.39 017 404 5.01 0.001
24 | 7831 10.78 044 0.16 341 690 0001|7853 1081 044 0.16 477 529 0.001
36 | 7824 10.81 044 0.16 342 693 0.001|7846 10.83 044 0.16 4.79 5.32 0.001
48 | 7822 10.81 044 016 342 694 0001|7844 1084 044 016 479 533 0.001
60 | 7822 10.81 044 0.16 342 6.94 0001|7843 10.84 044 0.16 479 533 0.001
CP 6 |02 9470 0.15 0.01 118 3.70 0001|026 9484 0.15 0.01 115 359 0.001
' 12 | 048 9250 021 001 156 524 0002|048 9270 021 001 140 521 0.002
24 0.53 89.95 0.21 0.02 1.65 7.64 0.002 [ 0.53 90.23 0.21 0.02 1.64 7.37 0.002
36 | 053 8897 0.21 002 170 857 0002|053 89.28 021 002 181 815 0.002
48 | 0.53 8871 021 002 172 881 0002|053 8902 021 002 187 835 0.002
60 | 053 8865 021 0.02 173 887 0002|053 8896 021 002 188 840 0.002
EX 6 605 463 7756 007 552 6.15 0014 607 465 7775 0.07 4.84 6.61 0.014
12 690 6.15 7424 0.07 592 6.70 0017 692 6.17 7443 0.07 . 539 7.00 0.018
24 | 691 6.82 7315 0.08 592 711 0018|693 684 73.36 0.08 545 7.33 0018
36 6.90 7.01 7292 0.08 5091 7.17 0.018 | 6.92 7.03 73.13 0.08 5.44 7.39 0.018
48 | 689 7.04 7288 0.08 591 7.19 0018|691 706 73.09 0.08 544 740 0018
60 | 689 7.04 7287 0.08 591 7.19 0018|691 706 73.08 0.08 544 7.41 0018
NK 6 | 795 876 304 31.62 14.40 3422 0011 | 8.06 888 3.08 32.06 1801 29.89 0011
12 | 740 1811 254 24.81 13.44 33.70 0.010 [ 7.50 18.35 2.58 25.14 16.38 30.04 0.010
24 | 7.16 18.66 241 2320 13.37 3519 0009 | 7.27 1892 245 2353 16.82 31.00 0.010
36 | 7.13 18.77 2.40 - 23.02 13.32 35.36 0.009 | 7.23 19.03 243 23.35 16.81 31.13 0.010
48 | 7.12 1879 239 2298 13.31 3540 0009 | 7.22 19.06 2.43 23.31 16.80 31.17 0.010
60 7.12 1879 2.39 2297 13.31 3541 0.009 | 7.22 19.06 243 23.30 16.80 31.18 0.010
R-CR-model R-M2-CR-model
Period| - TP CP EX NK R M2 CR IP Ccp EX NK R M2 CR
IP 6 (8849 474 0.27 0.13: 1.85 453 0.001 8864 4.77 027 013 259 360 0.001
12 | 80.55 9.61 0.39 0.17 286 642 0.001|80.74 968 039 0.17 4.09 4.94 0.001
24 7830 10.79 044 0.16 340 6.90 0001|7849 10.87 044 016 483 520 0.001
36 |78.23 10.82 044 0.16 342 693 0001|7842 1090 044 0.16 484 523 0.001
48 | 7821 10.82 0.44 0.16 342 6.94 0.001|7840 1091 044 0.16 4.85 5.24 0.001
60 | 7821 10.82 044 0.16 3.42 694 0001|7840 1091 044 016 485 524 0.001
CP 6 [026 9470 0.15 001 118 370 0001|026 9485 015 0.01 115 3.57 0.001
12 | 048 9250 0.21 001 156 524 0.002] 048 9271 021 001 140 519 0.002
24 | 053 8995 021 002 165 7.64 0002|053 9025 0.21 002 165 7.34 0.002
36 | 0.53 8897 0.21 002 170 857 0002|053 8930 021 002 183 811 0.002
48 | 053 8871 021 002 172 88l 0002|053 89.05 021 002 189 831 0.002
60 0.53 88.64 0.21 0.02 1.73 887 0.002 | 053 8898 0.21 0.02 1.90 8.35 0.002
EX 6 | 605 464 7756 0.07 552 6.15 0014 | 6.07 4.65 7776 0.07 4.81 6.62 0.014
12 | 6.90 6.16 7423 0.07 592 6.70 0.017| 692 6.18 7444 0.07 537 6.99 0.018
24 | 691 6.82 7315 0.08 592 711 0018|693 685 7337 0.08 543 7.33 0.018
36 | 690 7.01 7292 008 591 7.17 0018 | 692 7.04 73.14 008 543 7.38 0.018
48 | 689 704 72.88 0.08 591 719 0018|691 7.07 7310 0.08 543 740 0.018
60 | 6.89 704 72.87 0.08 591 7.19 0018|691 7.07 73.09 0.08 543 7.40 0.018
NK 6 | 795 877 304 3162 1440 3421 0011 | 8.06 8.96 3.09 32.07 1819 29.62 0011
12 [ 7839 1812 254 2480 1343 33.70 0.010 | 7.50 1843 2.58 2516 16,53 29.80 0.010
24 | 7.16 18.67 241 2320 13.37 3518 0.009 | 7.27 19.00 245 2355 17.00 30.73 0.010
36 | 713 18.78 240 23.01 13.32 3535 0009 | 7.24 1911 243 23.36 17.00 30.86 0.010
48 | 7.12 18.80 2.39 2298 13.31 3539 0009 | 7.23 19.13 243 23.32 16.98 30.90 0.010
60 | 7.12 18.80 2.39 2297 13.30 3541 0009 | 7.22 19.13 243 23.31 16.98 30.91 0.010
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Table 6 The variance decomposition for the first sub-simple: 1970:01-1985:12

R-model R-M2-model
Period| IP CP EX NK R M2 CR 1P CP EX NK R M2 CR
Ip 6 80.67 13.13 0.50 0.60 2.32 2.78 0.001{80.99 13.19 0.50 0.60 2.86 1.86 0.001
12 |75.43 15.50 0.93 0.62 4.56 2.96 0.002|75.76 15.57 0.94 0.62 5.15 197 0.002
24 7321 15.74 1.15 0.60 6.17 3.13 0.003|73.54 1582 1.15 0.60 6.28 2.61 0.003
36 (7297 1580 1.15 0.60 6.18 3.29 0.003]|73.32 1588 1.15 0.60 6.31 2.73 0.003
48 7291 1582 1.15 0.60 6.21 3.30 0.003|73.26 1590 1.16 0.60 6.34 2.73 0.003
60 7291 1582 1.15 0.60 6.21 3.30 0.003}|73.26 1590 1.16 0.60 6.34 2.74 0.003
CP 6 1.67 8790 043 0.16 2.77 7.07 0.002]| 1.69 88.81 0.43 0.16 2.13 6.78 0.002
12 |2.08 8453 058 0.18 3.94 869 0003|211 8561 0.58 0.19 2.56 8.95 0.003
24 2.08 8241 0.57 0.19 4.17 1057 0.004| 2.11 83.69 0.58 0.19 3.28 10.15 0.004
36 2.14 8197 0.58 0.19 4.34 10.78 0.004| 2.17 83.27 0.59 0.19 3.59 10.18 0.004
48 2.16 8191 0.58 0.19 4.37 10.79 0.004] 2.19 83.21 0.59 0.19 3.63 10.18 0.004
60 2.16 81.90 0.58 0.19 4.37 10.79 0.004| 2.19 83.20 0.59 0.19 3.64 10.18 0.004
EX 6 3.09 10.36 58.10 0.27 20.63 7.54 0.004( 3.12 1048 58.74 0.27 17.14 10.24 0.004
12 4.36 16.00 51.34 0.37 20.08 7.85 0.005]| 4.41 16.19 5192 0.38 17.23 9.87 0.005
24 4.62 17.66 49.79 0.37 19.67 7.88 0.005| 4.67 17.88 50.36 0.38 16.98 9.74 0.005
36 4.62 17.78 49.67 0.37 19.66 7.90 0.005]| 4.67 1799 50.24 0.38 i 16.97 9.75 0.005
48 4.62 17.80 49.65 0.37 1965 7.90 0.005| 4.67 18.02 50.22 0.38 16.97 9.75 0.005
60 4.62 17.81 49.64 0.37 19.65 7.90 0.005| 4.67 18.02 50.21 0.38 16.97 9.75 0.005
NK 6 581 15.31 1.09 2829 3955 9.94 0.006| 590 1554 111 28.70 34.96 13.78 0.006
12 |10.77 20.85 1.19 22.27 35.67 9.24 0.007]|10.92 21.14 1.20 22.57 31.10 13.06 0.007
24 |10.67 2341. 1.25 20.68 33.99 9.98 0.009(10.83 23.76 1.26 20.98 29.88 13.27 0.009
36 |10.61 23.80 1.24 2048 33.72 10.14 0.009|10.77 24.16 1.26 20.78 29.70 13.32 0.009
48 |10.61 23.87 1.24 20.43 33.67 10.17 0.009|10.77 24.23 1.26 20.73 29.67 13.33 0.009
60 |10.61 23.89 1.24 20.42 33.66 10.18 0.009]10.77 24.25 1.26 20.72 29.65 13.34 0.009
R-CR-model R-M2-CR-model
Failed Failed
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Table 7 _The variance decomposition for the second sub-simple: 1980:01-1995:12
R-model R-M2-model
Perio | P CP EX NK R M2 CR| IP CP EX NK R M2 CR
IP 6 82.31 8.94 0.42 0.20 2.15 5.99 0.004[82.32 893 0.42 0.20 2.12 6.02 0.004
12 17044 17.13 0.60 0.18 3.69 7.95 0.004|70.44 17.12 0.60 0.18 3.64 8.00 0.004
24 168.12 18.80 0.60 0.18 3.84 8.46 0.004|68.12 18.80 0.60 0.18 3.79 8.51 0.004
36 |67.98 18.87 0.60 0.18 3.84 852 0.004|67.98 18.87 0.60 0.18 3.79 8.57 0.004
48 (67.96 18.89 0.60 0.18 3.84 8.53 0.004{67.96 18.89 0.60 0.18 3.79 8.58 0.004
60 16795 18.89 0.60 0.18 3.84 8.53 0.004|67.96 18.89 0.60 0.18 3.79 8.58 0.004
CP 6 0.42 96.53 0.07 0.01 0.36 2.60 0.003| 0.42 96.53 0.07 0.01 0.36 2.61 0.003
12 1 0.61 9504 0.10 0.01 0.59 3.64 0.003| 0.61 95.04 0.10 0.01 0.58 3.65 0.003
24 1063 9473 0.11 0.02 0.63 3.89 0.003]| 0.63 94.73 0.11 0.02 0.62 3.90 0.003
36 | 0.63 94.65 0.11 0.02 0.64 3.96 0.003| 0.63 9465 0.11 0.02 0.63 3.97 0.003
48 | 0.63 94.63 0.11 0.02 0.64 3.98 0.003| 0.63 9463 0.11 0.02 0.63 3.99 0.003
60 | 0.63 9462 0.11 0.02 0.64 399 0.003| 0.63 9462 0.11 0.02 0.63 4.00 0.003
EX 6 8.39 2820 49.42 0.08 9.74 4.16 0.014| 8.39 2820 49.43 0.08 9.67 4.22 0.014
12 7.92 35.24 40.94 0.09 9.07 6.74 0.014| 7.92 3523 4094 0.09 9.00 6.80 0.014
24 7.44 38.55 37.78 0.09 8.68 7.45 0.013| 7.44 38.55 37.78 0.09 8.61 7.51 0.013
36 | 7.35 39.17 37.24 0.09 859 7.54 0.013| 7.35 39.17 37.25 0.09 8.53 7.61 0.013
48 | 7.33 39.30 37.13 0.09 857 7.57 0.013| 7.33 39.30 37.14 0.09 8.51 7.63 0.013
60 | 7.33 389.33 37.11 0.09 8.56 7.57 0.013| 7.33 39.33 37.11 0.09 8.50 7.63 0.013
NK 6 13.36 45.25 1.40 10.84 12.22 16.92 0.006| 13.36 45.26 1.40 10.84 12.08 17.05 0.006
12 |11.89 47.67 1.34 8.74 15.04 15.31 0.007|11.89 47.68 1.34 8.74 14.90 15.45 0.007
24 [11.56 48.22 1.31 8.45 15.20 1525 0.007|11.56 48.23 1.31 8.45 15.06 15.39 0.007
36 |11.55 48.24 1.31 8.44 15.19 15.26 0.007| 11.55 48.24 1.31 8.44 15.05 15.39 0.007
48 [11.55 48.24 1.31 8.44 15.19 15.26 0.007| 11.55 48.25 1.31 8.44 15.05 15.39 0.007
60 |11.55 48.24 1.31 8.44 15.19 15.26 0.007|11.55 48.25 1.31 8.44 15.05 15.39 0.007
R-CR-model R-M2-CR-model
Failed Failed
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Table 8 The variance decomposition for the third sub-simple: 1995:01-2002:12
R-model R-M2-model
Period| IP CP EX NK R M2 CR i Cp EX NK R M2 CR
P 6 67.39 8.86 0.50 0.34 3.31 1959 0.008 | 74.59 9.80 0.55 0.38 7.29 7.38 0.009
12 48.21 2895 0.67 0.42 299 1875 0.010]53.11 31.89 0.74 0.46 766 6.12 0.011
24 44.60 33.50 0.76 0.40 2.83 17.90 0.011 | 4892 36.74 0.84 0.44 724 5.82 0.012
36 44.37 33.66 0.76 0.40 2.83 17.97 0011 4868 3692 0.84 044 729 582 0.012
48 44,34 33.68 0.76 040 2.83 17.98 0.011 {48.65 36.95 0.84 0.44 7.30 5.82 0.012
60 44.33 33.68 0.76 0.40 2.83 17.98 0.011|4864 36.95 084 044 7.30 582 0.012
CcP 6 0.35 94.85 0.16 0.01 0.33 430 0.001] 036 9690 0.16 0.01 1.33 1.24 0.001
12 0.70 92,52 0.19 0.01 0.39 6.19 0.001] 0.73 9542 0.20 001 1.72 1.92 0.001
24 0.75 91.81 0.18 0.01 0.42 6.82 0.001| 0.78 95.00 0.19 0.01 1.82 2.19 0.001
36 0.77 91.68 0.18 0.01 0.42 6.93 0001] 0.79 9492 019 0.01 1.84 2.24 0.001
48 0.77 9166 0.18 0.01 042 6.95 0.001] 080 9491 0.19 0.01 1.84 2.25 = 0.001
60 0.77 9165 0.18 0.01 0.42 6.96 0.001| 0.80 9490 0.19 0.01 1.84 2.25 0.001
EX 6 10.79 6251 15.47 0.31 6.08 4.83 0.018|11.05 64.03 1585 032 400 4.73 0.018
12 7.87 67.72 1146 0.24 5.70 6.99 0.019] 815 170.14 11.87 024 4.16 543 0.020
24 7.65 68.73 10.35 0.21 5.32 772 0.021f 7.95 7145 10.75 0.22 4.03 5.58 0.022
36 7.54 6890 10.11 0.21 5.23 7.99 0.021] 7.85 7172 10.53 0.22 4.03 5.64 0.022
48 753 68.89 10.09 0.21 5.22 804 0.021) 7.84 7173 1051 0.21 4.03 5.65 0.022
60 753 68.88 10.09 0.21 522 806 0021|784 7173 1050 0.21 404 5.66 0.022
NK 6 448 76.74 0.11 1.87 5.87 10.93 0.008 | 4.73 8L11 0.12 1.97 6.83 523 0.008
12 489 72.56 0.45 1.69 7.76 12.65 0.009| 521 7739 048 180 851 6.61 0.010
24 471 73.04 0.45 1.58 7.74 12.47 0.009 | 5.01 77.83 0.48 1.69 827 6.71 0.010
36 4.69 73.10 0.45 157 7.70 12.49 0.009| 5.00 77.89 0.48 167 825 6.70 0.010
48 469 73.09 045 1.57 7.69 12.50 0.009| 5.00 77.89 0.48 1.67 825 6.71 0.010
60 4.69 73.09 0.45 1.57 7.69 1251 0.009| 500 77.89 048 167 825 6.71 0.010
R-CR-model R-M2-CR-model
Period| IP CPp EX NK R M2 CR
i 6 67.40 8.86 0.50 0.34 3.31 19.59 0.008
12 48.21 28.95 0.67 0.42 2.99 1875 0.010
24 4460 33.50 0.76 040 2.83 17.90 0.011
36 44.37 33.66 0.76 0.40 2.83 17.97 0011
48 44.34 3368 0.76 040 2.83 17.98 0.011
60 44,33 3368 0.76 040 2.83 1799 0.011.
CP 6 0.35 9485 0.16 0.01 033 430 0.001
12 0.70 9252 0,19 0.01 039 6.19 0.001
24 0.75 91.81 0.18 0.01 042 6.82 0.001
36 0.77 9168 0.18 0.01 0.42 6.93 0.001
48 0.77 9166 0.18 0.01 0.42 6.95 0.001
60 0.77 91.65 0.18 0.01 042 6.96 0.001 Failed
EX 6 10.79 62.561 15.47 0.31 6.08 4.83 0.018
12 7.87 67.73 1146 024 5.70 6.99 0.019
24 7.65 68.74 10.35 0.21 5.32 7.72 0.021
36 7.54 68.90 10.11 0.21 5.23 7.99 0.021
48 7.53 6889 10.09 0.21 5.22 8.04 0.021
60 753 6889 10.09 0.21 522 8.06 0.021
NK 6 448 76.75 0.11 1.86 5.87 10.92 0.008
12 4.89 72.57 0.45 1.69 7.75 12.65 0.009
24 4,70 73.05 045 1.58 7.73 12.47 0.009
36 4.69 73.10 0.45 1.57 7.70 12.48 0.009
48 4.69 73.10 0.45 1.57 7.69 12.50 0.009
60 4.69 - 73.10 0.45 1.57 7.69 12.50 0.009
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Table 9 The recapitulationof dynamic responses
Full sample: 1970:01-2002:12 The first sub-simple: 1970:01-1985:12
iP CP  EX NK R M2 CR | IP CP  EX NK R M2 CR
R-model R - - + - +
M2 + + +/- + +/-
CR| -
EX| -
R-M2-model - : R |. -
M2 | +
CR| -
EX]| -
R-CR-model R -
’ M2 | +
CR| -
EX| -
R-M2-CR-model i R -
M2 | +
CR| -

Failed

Failed

The second sub-simple: 1980:01-1995:12 The third sub-simple: 1995:01-2002:12
CP  EX NK P CP M2 CR

R-model R

M2
CR
EX
R-M2-model R

M2
CR
EX
R-CR-model R

M2
CR
EX
R-M2-CR-model i R

M2
CR
EX

Note: - The first row denote the reaction of variables to a shock'in R, the else rows are similar;
“+”,“-” and “0” denote that shock has a positive, a negative and no effect, respectively;
“+/-” denotes that shock has a positive effect in the short run but a negative effect in the
long run, the else are similar.
Shadow denotes an unexpected result.

Failed

Failed Failed
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Figure 1 The dynamic effects of structural disturbances for full sample (R-model)
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Figure 2 The dynamic effects of structural disturbances for full sample (R-M2-model)
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Figure 3 The dynamic effects of structural disturbances for full sample (R-CR-model)



— e —

Accumulated Re sponse of IP toR

Accumulated Response of CP toR

Accumulated Response to Structural One S.D. Innovations
R-M2-CR-model: 1970:01-2002:12

Accumulated Response of EX o R

Accumulated Response of NK o R

Accumulatad Response of R toR

Accumulated R esponse of M2toR

Accumulated R esponse of CR toR

2 3 05 5 8
74
024 N 2z 10 02
s 5.
044 1 04
45 54
054 06
-1 20 ‘ 49
o8 o8
34
104 -2 25 s 10 2
42 3 - . a2 +
5 0 75 10 25 ) 3 00 25 -3 3 100 . 3 3 3 100 ) 3 100 ] 50 75 100 3 50 75
Accumulated R esponse of 1P toM2 Ac cumulated Re sponse of CP toM2 Accumul ated Respense of EX toM2 Accumulated R esponse of NK to M2 Accumulated R asponse of R toM2 Ac cumulated R esponse of M2 b M2 Accumulatad Res ponse of CR to M2
o 16 4. » 25.4 s,
02 .
12 3 *® 20 5.
o o4
08 2. 2 15 a
0ad 06
04 o8 1 ® 10 2
2 10 o 054 o
b . T o4 T a2 . - «© © T T Y ™ T T
3 50 75 100 25 - ® 100 25 ) £ 100 3 ) 3 100 © % 100 £ 50 75 0 3 0 7 10
Accumulated Res ponse of IP 1o CR Accumal ated Response of CPtoCR Acoumulated Respon s of EX to CR Accumulated Re sponse of NK to CR Acc umulated Res ponse of Rto CR Accumulated Reap onse of M2to CR Accumulated R esponse of CRIoCR
. u
020
-o01 o o6 o o 204 ©
-002 o 015s o2 - 015 o
© oot [
-0 o 010, 8. o0
02 0. s
-00 005, oo ) o5
005 ] o -00t ar.
T T T T T -0 I T T -0z T T 5 T v Y
3 50 75 o0 25 ) L3 100 25 -] % 100 > -] 100 3 o 3 00 3 50 ) 3 50 75 w0
Accumul ated Respon se of 1Pto EX Accumulaled Respons e of CP10EX AccumulatedRespon s of EX to EX Accumul ated Resp onse of NK to EX Accumulated Rasponse of RtoEX Ac cumulated R esponse of M2 o EX Accumulated Response of CRI0EX
@ 20 14 -2 » o s
o
-0
s 13 ® od
-10 12 12 -4 ® o d 05
5 o8 ] -5
014 194
. o 10 . - o
%0 o -7 . . 454
5 50 75 10 25 3 3 100 25 1) 3 100 5 L) s 100 3 @ % %0 E3 50 75 w0 > 50 L)

Fi'gure 4 The dynamic effects of structural disturbances for full sémple (R-M2-CR-model)



—eyT—

Accumulated Response to Structural One S.D. Innovations
R-M2-model: 1970:01-1985:12

Accumulated Response of 1P toR Accumdlated Responseof CPtoR Accumulated Response of EX o R Accumulated Response of NK o R Accumulated Response of R toR Accumuiated R esponseof M2toR Accumulated R esponseof CR toR

6 08 09, nd
2
5 s 4
o4 o 00 2
4 04 o o 04
3 05 e as. 2 o4
084
2 08 0 05, s
az 1 10 o a
o 12 s a 6
> 50 7% 10 25 L) L) 25 L) s 10 > ) ® 00 = L) L2 13 50 75 w0 3 50 L)
Accumulated R esponse of 1P to M2 #c cumulated Re sponse of CP toM2 Accumulated Respon se of EX toM2 Accumulated R esponse of NK to M2 AccumulatedR esponse of R to M2 #e cumulated R ssponse of M2 fo M2 Acoumulated Res ponse of CR toM2

02
04
08

06

08

Do e s
> L 3
4 9
s 2 2 g =
228 8 3
5 8B & 8 e
i ’ l
8 5 & B
s . > 5 3
i g ‘ L

3 50 75 w60 25 - 100 25 E) 13 100 ) £ 2 3 160 E) ) s 0 3 50 75 w0 3 50 75 w0

Accumutated Res ponseof 1P to CR Accumul ated Respo nse of CPtoCR Accumulated Response of EX toCR Accumulated Re sponse of NK 1o C R Aos umulated Res ponse of Rto CR Accumul ated Resp onse of M2to CR Accumulated R esponse of CRtoCR

o2 o016

]

o2

-0t

B

B g

H

§ 3
EEREE
R
2 8 8 8

016 o

3 50 7 10 R 25 E) 3 100 25 D % 100 3 ) i) 100 > E) K3 00 50 75 100 3 50 E)

Accumulated Response of 1Pto EX Accumulated Respons e of CP to EX Accumul ated Respon se of EX to EX Accumulated Resp onse of NK to EX Accumulated Response of Rto EX o cumulated R esponse of M2 1o EX Accumulated Respénse of CRto EX

12

10, 7

253 8 B
2332333
b kb L
2 B8 0B
T
5 B 8 =2
Aé:%agaa

50 ) 3 0 R

o
g
G
8
-
&1
B
]
o
g
v
=
a
&
o
@
o
E
o

Figure 5 The dynamic effects of structural disturbances for the first sub-sample (R-model)
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Figure 6 The dynamic effects of structural disturbances for the first sub-sample (R-M2-model)
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Figure 7 The dynamic effects of structural disturbances for the second sub-sample (R-model)
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Figure 8 The dynamic effects of structural disturbances for the second sub-sample (R-M2-model)
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Figure 9 The dynamic effects of structural disturbances for the third sub-sample (R-model)
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Figure 10 The dynamic effects of structural disturbances for the third sub-sample (R-M2-model)
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Figure 11 The dynamic effects of structural disturbances for the third sub-sample (R-CR-model)
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Kaounides-Wood (eds.) (1992) pp.xiv-xliv. Burger (2003) pp.21-35.
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2) Rowley (1986). Kaounides-Wood (eds.) (1992) p.xvii,
3) #lZIE, von Hagen (1998), Poterba-von Hagen (eds.) (1999) SR,
4) s (1990). (1993). (1998a). (1998b). (2003) B,

1. RMEDREEMB OB

BREDA > & — 4 — LS ATRED

ZHTH, BFTHUL. HBIRTHNIRE Vo 2 EEAREIEHICE < DL AB & o
<. Zh%@%ﬁbi%ﬁiéZ_c‘:f&bli%f%%ﬁﬁ\&iiﬁﬁ“bﬁﬁ%l& (roll over) 7NEJRE
THAIM. EHEHBEBRIEOENT, HLROTWIENRINTHAID, HDNITHK
EOBE, BHEORL O—F— LT oh5 EThE. ZORBIITEH S50, 130
DIZ. ZOXIBEENS, BB AT LDRHHREL TN EN, HBNITNMERITIEE
ARETHDENS ZEDRAMNERERELTHIS,

9. BFEHBZESZD. GDPICHT2AMEREORRIZERALLS, T/hbb,
b= BN | (1-1)
Thod, ZOXIRIEEEES DT, BUFEBOKREZ I 2, BIFOBEBEREKRES ($k0

BWREES) LOHBTELZ 2D THS,

WHIETHRL, AXDBUFORKTITHNEZEAT 0. NMEDBBAEICESTE
ETHDN5TH> T, BHIEBRBIFELAENTSHED EEZINLTHD, Z0OF
BT, SEREOAREAREBAR—AICT 7 EATEBEFOIE DM, NS 2EBIN—Z L
BERBVEREDS, JOASREBERETEZEVALS., MEOERN—AOAE
1. GDP 0 &> BERFEORETELTE 2D TH 2. |

RENT, ZOLD72NMEFRS + GDP LEOBERE () ICEBLAENS., Bk
MEUIZNTr—A &, MBBRENEC 25— A2 W=D TH B, ?

<K1-1> <K1-2>
<K 1-12>03 BHRELRWT—ATH%. RITRTX DI, NMEREIRIZEE (GDP)

UEDZAE—RTRELBVIRD, AMEFERS O GDP LZRIIPCRL ., BUFIIEE LW,
ULAL<HL-2>0X51, RNMEEREIRFEREEZ LS 28— RTEMLTWITHE 2
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ERFEOL GDP HZRIIFEHL THWE. BMEIBHET 2, DREDORIIE. NMEFREIRE
BEREIDIIDINICENAE— RTERICERL., BECEBONY—2ZRL TS,
INT. DERTVERATGESRRICHEDLENZ DD THA DM, Th5BEEERL,
INFETOR—ATANEEZBEEL T IENTESZDTHAIHD,

il 213, Keynes (1923) 3. EOEBHNEEREOBRIEHEELEDDLI oL
&, BEaTREE R b N B LI L . BURO FERIK 2727 720D ICH6 rl R /s B BUBSR
BITD ZEDNMBITRELEEL TWD, NMEREEOFHE RSB ENEETE 5K
PLEIZ2 2 Z & AEREIC T o T ERBE T, BORF IS BOBOE DR AR O (118 2 FIRRIC T 5
OB E LSRRI S RN, BTN THER TS ZEE, THERHRT S 2 & &,
Z L TEOEBEEIHT 5 2 & LOM TR BAERS RIFNIR S anT &itikd &, P

¥ 7= Blanchard et al (1990) 1%, 2M& - GDP RN —EOBREZAEE, EHHICH &
DKEEIZRD I EEFRRICT D LD RHBEBOREZRRAIE TH D LERT 5. LALED
THBHEHICIE, BEICEBLZEEOERIG. BURRERICOEZ> T I —F—
TS5 2L TOHRRITIER SR, TOERTIE. BBMICATFED . 5 HOR
FIIBAROWHTH S,

HH5 25/, Domar (1944) OFEEL TE<LHASENTVWS X DT, GDP T T 50 ME&
BEOLE (b) NEREI. BEZERALTWEWD ZLETIERY, ZEXZ—ED
AE— R TAERSNEML TH, GDP BNRAETREL A THUT. b O LFITEVIED
ENBM5TH D, FNOZ, HLAME GDP LRI —EMFEICIET 5 ETHUE, &
DRFRE—ELTHEE, NMEFWDOEZDOBREHERIC LR IO TR, —
FEHEICHEEEL, 2O ENDS Domar 3. MERENENTER, NMERENEEL T
B, FHWTHBOESGEST 2 2 Eidmnend, TRbbAEEEOMEIL. RFRED
JEROBETH > T, ZORERUTICAEREOEMBEZMZ SN, FHR. b 235
B2 3ERELARBIEFRN, TORKT, RMEORITIIFRTRETHSH LTS, ¥

UL, BEICIE. Domar 2HEERD S B ICHIET 5 & 5 ICAMERHAL O/ 0 DR (1F
D) NEBICER I NS HEETRN, DULAEBONRDDIZ. FRONERITITESE
BEBE2ZRNI LIRS, T2b5, IERBENRSER TERWD, EHIETHRES
N3 ENIEFRICHES TWD, ZOX I BALNWOEROMEZBIF TR THR
IcZETNIE. Domar OFEAICBNWT S, RERMEWERFITE. 7517V —F7
42w FABBRD. b NEYNIRICERL TWL AR 2 PR TE W, BIERHED
r—ATH>, ¢

- MERE EHBOEE
(1-1) RED. NMERES - GDP LEROL(LRIIL,

b/b = B/B ? Y/Y (1-2)
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TREND, - LHIIHEE ¢ 1T 28K TH S, FlZE b=db/dt THD., WE. =
DRIZBNTRFERERIT. YN = n &F3, 575 EBE L. KL TAER
EREDIDIBAE— RTHEIML TN TH 3, THE. SBHOMBEEDRERTH S,
TIT, RERSOENMREUBRFOERERRT 2720, SHICEEEBORENE
DEE., FHBEOEBOANEKETINIEEL TAHL D, Thbb, MEGEE 2R Ti5E
ELT. BB =02k AT3, 299 5%&, BB =B/r) (¢/B) TH- T,
bb = ré M (1-3)

%250:01&#5 ﬁ%ﬁ%-(mpwﬁﬁ‘ﬂﬁﬁétﬁwém—wi—ﬂ—wﬁ
ENBWIEE, FIFENENEZE, TUTRERMEVWEE, ERTHZEbns, 7

bLUHMBUEE DY —2 (6) &, RER - FITFRLEE (nfr) OXIED,

6 =n/r ' (1-9)
THIUL. bb=0&720. b DfEI. —EICEEELHN, FETS, LaL.
6 > nlr ' (1-5)

E7AUE, MERBOBMEDIT S AN AZ <20, bIZERIC LTS bb >0 ),

TOERT, RO =LA L2D0I1I21F. (1-4) ROFENE-INRTN
B2 57320, HOBEIZBNT I ORENREZ SN0, HDIFHIC 19877 1991 O HIRE D
HATHoT,

INSDORMEOEKRIT., TS5V NT o 22EEIE2 (Thabb, BENSE[E
NTZRHANER ML, TR THZBAETEORZ D) KORHMBGEE (6=1) OBEA
ZRETNE. KVBHEMATHSS, ZOHSITIE. 1-3) R&ED, FIFREFEZRON
RN HEERD,

r<n (1-6)
DEE, bb < 0&/D, TOEE, NMERMIIEETEETH D, NERBILEN, 1R,
FEEBITDIFERELRDZERHVZIZNDTH S,

ZDEDIT, BFIZE TR D= —LNA[ERIZ/R 5 DIT. ZERERNE L., 5k
DB OBRBEEI DMV DIZS 0. BUFOMEO ANFTERZ LESEETHD, (1-6) =
DEADBHETIE, <K 11>0XDIT, NMEERENREL THAERS - GDP HZILR
FIZTF%EL. T4V MU RAZIHET L, %ofAﬁ@&ﬁ@%ﬁ?%“F@%K%i@
5 ERBIENTHAD EEZENZNETH D,

LD L. BEREFIFROBRIERL

r >n (1-7)
ERtuE, <E1-2>0X312, bb >0 E725, 25125 E. BIFORkOEBEEH (1
EOHEHRYIMN) OMURID D, BUROBEOANFIRDIIZOINEL 2570, NMEREN
BELTWEE, AZRT 7NV NI AT OEEWRERL TV EEZ S, I35
3 AL RBEAZATREEBALLD EZLENTH A S, f>T. BUFNELSAO—
WA=N—BEE (6= 1DEIRR D= —1) 2FT3ZEEARTREEWDRITIUT
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5N, P ZOEIBRRTTIE. MBOEEDY 1 7% 6 <1 I[TEHRT 5 I ENNET
1%, FOEDIZIIHBHEEAEOEEEZRD., TS5 —H—7 5 AZ2EEMIZIERL T
WS ZENRAIRENZ LD,

<HE> ,

1) UTFIZDWTiE, #iF (1998a), (1998b). (2003) pp.43-44 HHE,

2) F:4E (2000) p.79

3) Keynes (1923) pp.54-55. p.59,

4) ZFOEWKT, EMEBOEZ S LEVDL,

5) Domar (1944) p.51. p.57,

723, Domar D%, BEN—EDEnTHREL (Y. =Y, e, RMEKRENE
EFRBIIHL T—EDEIGTHEATIES Bt=aYt) KDODWTURTE, ROKDITR
%, Tizabb. tHONEERSD.

Bt=Bo+a{Ydt=Bo+ (a/n) Yo (e™*—1)

TH5. (o T. YIIHT BERKIT,

Bt/Yt= (Bo/Yoe™") + (a/n) (1—e™?)

L35, B, t—=ooDEE, ROLDSMEREE A 5,

B/Y=a/n. rB/Y=a (r/n). rBB=r/B/B) =r/n,

INehn, —RICHEEO—EMEIIMED aDH ET. REREHTFREOR/NERIC
KET D ENDND, FRRIC, FRAERETLZI T, RMEFIANDRE AR WRTLIHE
DHREMENH R TE W I Edbh D, Thabb, —HF TRERTIUKEL NS, fts
TAMERTZ EESEOFIANET IR I ZDIIEBITHEM TE 5L WD KO aEE
NEENTHBD, INTEHEOFRENBVEIN TV ENZIL D, ,

6) KE (1985) M, BUFFEHIPRICESERICTDWTIE, #ifs (1993). (2003)
Pp-34-37,

7) Abel (1992) B, HHREDT —ZIZDOWTIE, HliFE (1998a). (1998b). (2003)
pp.31-32 BHR,

8) LML ZHUTIE, BF BT 282 REOBENE END, FIZIE, —E%E n
DORERFIZBNT, BEEAA Ry IZNGDPORERN EFRRTHREL TS ET 5,
ZDEE, BREA MY 7 OGDPAOEMEE RS ERNRENHTRIZFLNVWET
U, #BER () NEREE 0 2 LEEZRRT. BRBELAERENMTDOTY
52 %R L, BEMICIERH (dynamically inefficient) 72iREEZEW®KT 5, ZOD
B TEENICERAREEDBEICZ 2 0. BREDVEZNICHEARTE >n) 12
BHBETHS. f

9) UEORRE. —EORFRL-EORERLVWIREDDETOER CHD, BH

2ABREI, BLOREEEDS & THIFRORERIIN RO REBLEGHZRT . T
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2%, FIFRPRERLTTHoTH, FZIIREDORENFRIR TR T T, GDP
DEBEETEY AN, FRkoNEES - GDP LROHFEZEBRELR< EREIE. BUF
DEBO—IF—N—INTERL 25 LD 7ulgeEI+2H 0 5%, Abel (1992) ZHE,

2. BURTEFKIOENIFRIEL

TSLTU—INT L ADFEE

9. BIFOPERNIREL . HBORFIZ

B=db/ds=G+H—T+iB
'=D+iB (2-1

E73%, ZTT B IINERS. GIIBFZH. H 382 H, T3, 1 3f+=R =
LTSIEBETHD, TNTNEEHERTH S, T2 D IIAREMIGE (primary balance)
ZRL., D=G+H+T TH5, I TIHEEMRF (primary deficit) ZHijHEL. D>0
E9%, ZNUREFILAE B ZMAZdD (D+iB) 72, BBUORF L5,

Bz, @-DRITHBNT, D=20. i=0.02. B=500 &THL. —HEONEERSDE

L5, |
B=20+0.02X500=30
L13%, ZOIV, FIFEAHNi=0.06 12 LR T B=50 &735,
ZZT, 21 K&, 4HGDP (PY) LETHERTHIUIL
b=g+h—t+ib—b (7 +6)
=d+ @¢—6)b ' (2-2)
EZD, WBO/NLFEZ. FTNFNEH GDP U720 0EEET, XL b=B/PY. d=
D/PY Th %, P l3ffikiEs, £/~ Y2 GDP 2#&blL. 1> 7L ZEPP=m, GDP i
EHEVN=0:95, $/-r WEEMTREEDL, 1=i— 1 TH5,
(2-2) R& V. HEGRFENED b=0) 12725 & T,
x=—d= (¢—6) b (2-3)
BZ5, COZERF—EONERSZIWATVWAREFICBWT, BBGRENRY OIS
DI, BEONERS T 2MALBICAEGY 757U - =752 (x=—d) N
FERINBTNTRS NI E2ERT S, HLRERINYO (=0 Thid. (2-3)
R x=1b &72%, T2bE. FSAYU—H—7 5 AFEEFLEITEL < Bt
5730,

@-3)RITPHNT, EEFTFRIIRERE LESEEET D, §7205. r—0>0Th5,
S, BREDOEBROEFZITEEL TWAHEVDEIT TR, HRICHEERKETH
%, EVWIDIE, ZOEEBIFOEENEANFTFRIIELEL D, BRIAERTICK
o TEANZERITHT B AREMEN (roll over) DR TESZMSTH B,

W r— 0 <0 THNIE. BUROBANFIZENT A F A0, NMEFFAEIZEAD L.
BUFISER I A ERITICE D EANERET RN EENDDITTH S, A, no-Ponzi
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games £ TH B, ¥

22, @3RLD. b OLEEEICEST, TIIIU—NT L AORENEETH
Bz ENbnD, Tibb, —EDA( > T L%, EEAFEBLIURER r-6>0) ©
HET, BEALNENEREE—EICHRTS b=0) k>iIc. BEEEICE>Te h
t ZEPICRIETNE. @IRERETLOIRTIAT)—H—TF2 () WEHTES
DI THD, TN, b ZEFHC—EIRDEIICTIATY—NFT I ZAZI > hO—
NEBENIEZFTH S,

WIC, —EDOT IR —F T4y b E2EHRTE. BYALBBGE ( 530
T OWYREE) ICLo T, NMEREILEE —FIEDOIELERETH D, OB,
Fi5ONEREDHE T, LERFREOEE TR > 7L —va ickoT, £EWAR
MR AEZRMIE2 28T QIREZRT D LT3,

bEAA, TNSHBEEESMBEOERICE > T, AEREICHTS /1<) —
H—TIAKE (—db) %, FiED r— 0 F v v FIELL DL ICHETZIEHT
%, INGW, PBORFOBFGIEEBEICHL T, 1 D0FNREAZERT .,

ERARBFOBRF FH I
DlEos %, EEREOBMBHEIE O — IR L THAL D . nHiicBIT3 A& - GDP
iz, (2-28&D

@=ﬁﬁ“ﬁn+ﬁdéﬁwﬂug (2-4)

Liz%, Tixbb, nHicBI 2 0MERS - GDPERIL, FIHoONE: GDPERRON
BRI HHFITFER (r—0) CEAEEHEMES., nHBOTSATY—=NF 2D
EI5REMEDSEI Th B, BM{LL T, r&ol3—ELT 3,

(2-49) KoLz e~ =9 vE2miFhud.

b,e”"" " =b,+[ de " ds (2-4)
Th5,
n % #ERKIC &,
b.e 0 =byt[ de " ds (2-47)

THb. CORITBWTBIROEREANDOIREEZHIRT 5720, r—0>0&1L,

limb, e "=0 (2-5)

—o0

MWz E3NBET D, U, IR DO—F— L& THS, ZDEE, @49)RKD,
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by=—| de """ ds (2-6)

A%, CNUFROTIAT) =B —T5 2 (—d=x) OMFITFRICLSE5EHEM
BT, HONERS (b)) KHEL<ATNIRERNI E2RT, ¥

N, E)RITHIET 5 EERFOBUF FEHNEETH B, MEIERAIETH S
ZDITIE. ZOFRGNHEZ ST SN, TOZ EIFRE. BIFOHIERIREEIC
N, FROBHZFHBHIIBNWTENZIRED 75U —H—TSAMKDENB T &
Z, BRL TS, bLl. ZOLEENEZINRTNL, BBECRIEERRTRETH D,
Z @ insolvency Z[HIET 572DITI3. & TN TEBUFSZHD, Fllh. HDWENH ORE
WLEERS, '

<BE>
1) -1 KX&o.
B/PY=G/PY +H/PY —T/PY +iB/PY
Thb, £z,
(B/PY) =B/PY—b (n+6)
Thd, INHED, 1 2X%2 23,
2) Congdon (1987) p.78. Blanchard-Fischer (1989) Chap.2. p.150. Abel (1992)
SR, FIZE DAED 1980 ERBEICBNTIL r—0<0 TH D, b, NMEFRT
WA THozENnWZ B, e, ZOLE
bib-d/b=r-0 ~— o r 0
< <
TdHb5,
3) Kremers (1989) p.221. Roubini (1991) p.51. Blanchard (1993) p.315. Burger
(2003) p.37,

3. BIBBOR & SBBOROHAEIER

AERRE EENEHE
KT, @) RPN TEERFZZZEL TALD, YV F595&, (2-2) RKid.
b= (—y) b,+d—m, (3-1)

E72%, 72720, m AMPY, MIZEBEETH D,

B XSS 2L DI, FIFRVSKREREZ LES ¢>y) DEEITL. 2MED GDP
HREERR2<EMT 2, €L T, JONEREOBZWRE T OLRAE. 513U —
NG AP —T S AL S (g—t<0) EZFICFHIETES, HDWIT, BEEHEN 5+
DIERESDRAZHERTS (m>0) TEITE->T, NMEBEEZIFD D Z EBAREICE S,
&L seigniorage EWVNONZESFESF RN TH S, WITIUTE L, 2ME + GDP HLmp
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BUNIEWIEE, BELDZDICHEEL/ED Y —T 5 XX seigniorage 13L& D AE< 7
%, ’
v ZOEDBEENS., BUFOENFNTERKINSRBUR & MBEBUR O EHM BRI K
 ETEELFOEBIIOVTATHED,
NE, BAAEEREHEEEL, M= oPY,ET5E, (3D Rid
b= (—y) b;l—d?—a (7 +y)
EBETESDL, ZIT
mM,/PY=a M./M) =a (7,+y) |
THbd., 107 VEx 3. PRETVEBHBOBETER I M-I TES LT 5,
ZITEMHLLT, d. mEREL. (32) REMF.

(3-2)

o m{nsZothen(E2)
r=y r=y
2%, 22T m=a (T+y). b INEBRBEOWHIETH S,
Zhms, ro>y ERETL.
dr__ 1 (e =1)>0. bt __a (1—e"")<0 (3-4)
od r—y T r—y

E72B, Er>YT. b>0DEE, FIAIU—FT 1y b (d) i seigniorage 7
SOIA m (=a (T+y) )& EENI, AMEERSEZRET S Enbn5,

#lZiX. @=0.15, w=y=0.02 3L, m=0.006 £7/25, > T. b=0.6 THN
12, EBREIND T 51 Y —H—T7 5 X (required primary surplus) DK & X3, x*=0.006
L7325, PN DONDT—XIZDNT, ZOx*2ROZHON, <&E31>ThH5,

<%E31> (%)
r—2A 1 r—2x 2 r—2Z 3 r—2x4
r—y 2.0 3.8 7.4 15.4
b 60 60 125.0 114.0
m 0.6 0.6 1.1 3.1
x* 0.6 1.7 8.2 14.5
Sargent-Wallace D% &

ZOEDIHHA T, MBEBERESMBERIZMTI TRH D AN TH A 5. NEES
OBRMEN, HRATPRBTOMIEZBURRN L., SREBCROBZ ZHRT 5 I LIk
M5 TH5, DBAA. TOT EFHIEBITOMIMEDKZEMN costless THDEWNWST
WBD TN, THTIFRLS, B 1 DOBRK TH 2 NBERBBCHBHRE LN T 7
FIVEDIEINEL DK ZERLRADENHIERTH S, ¥

—259—



B6E  (HROBETEEEEE 2088 — IHA A —

FIZIE, WEBMBEGR S SRMBENENZNEEE L Td BXUO T 2B ET2EL LD,
ZOLE, BL (3-3) K-> T, DENHEET S &5 ETHUE. BEAYICIE. B
FEOWEREZIEIET 272010, H2EE T TRRBEEFROTOBANRDEND Z &2k
%95, (32 H&D,

r—y) b= (t—g) +m : (3-5)
C THo T b Z—EIHEDZDITIE t2T IZTBWT, seigniorage 7 DULA D4R
LGRS BWASTH S, (3-5) K&V, b=b, t2T ITBNT. 5D ITHL
T, A>T LEIF
_(=yb +d-ay

y , (3-6)
a

TEEI RTINS, B-6) REEETSE. T LENC. KBBEEMNT 2K< 5%
ELTHIUTNBIEE, AMERSE b(Z)IFE VB0, THDZ 3L VB 25,
Tbb,
on, r—y\abT
or _( a Jor

=1-e"T<0 (3-7)
TH5, TORER, 4 HOMBHREBEEMNTR, K0BN > 7 LSRR T
Z&iT/2%, IS, Sargent-Wallace (1981) i (UMA) OEW®TH S, ¥

MEGRE L T DR

ZOXDITHBEERIT. NMEEREOKE (b) NELBNIRBIFE, XOB&HEZS]
ELT 50, BIFZHZHIBL., 751U —F7403 vk (d) Z2BEFTF3L5 00K
LR NUER 5720, LA LERICIE. BMBOREZERL TWID &3m0 >t
TA TR BRERHRT 5L L TH, ETRERBIUII EENEEL. £-BUFX
HIZIZTRENEFEET S, 207D, TIMXU—NT L ADOFBZIINSG —EDOHFENT
ULAEBTERNI &%, BRESEHTFRICES T, RDE5ND x, 25 < 24U,
BURBNZ A TEATIREEDBER (political feasibility) #BA/-HDERSED, FOEMK
T, BBUBUGRIZIZ controllability 2NV SN2y, 22T, ZOLdBHBEEORIG
Z, ETINTHEARAATHE S, ¥

%7, Blanchard (1984) %, Bovenberg-Kremers-Masson (1991) . Winckler-Hochreiter-
Brandner (1998) (2> T. BUAHEHENSERO T IA4 U —F 7 4 v MI#HEH
CUDRETERWEEET 2, L TABERRICIIHFEREZRAKENH D, %
bETn, bLABEENZOKERRIIE, (2T —2al2BEBidionse
RBERONMADRD 5%, b LEELROBAIES THE, BIFFZF7 4L b %
BEELRTNIRSRW, £5F5&, 12TV 2BEBITIERL. HBIVET T4
VREESTDIERL, b ERETDIIBERTSATY—F—F5 2313, (3:2)
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®&k0,
x=—d= (r—y) b—a (7 +y) (3-8
Eins, o
Z Ok S ITHEBECEZEENIC UAREBTEANETE. H5RET T, BB I

U 0BA S T EIIRTECH S, DUAHBORGERKL.b,>0 THEEE,

x:=8 (x—x,) - (39

L%, B0 NREBGBETH D, BRTIARY—H—TIAEBHEOTSATU—Y
— TS ZAOPNEET. BOERTUNERETERWI EERT, ZLT 32 KLD.

Bt= @—y) by—x;—« (7 +y) v(3-10)

Th 5,
(3-9) & (3-10) RSB BERT. —EOTHIRE (x,. b)) B2HEZDEE, T

DBEDENBEETEETHINEDID, HENEL OHET, EEARDA > 7 LBE

ANOYINHAZBEREINDNE S NEFNTHE D,

ArAEEIC & B4R : :
< 3-1>13. (39 K& (3-100 KOMAEREZENZHDTHB,

X )
=_d) A

e

/’ hd
o
Z- =0

X >

-
-
-
-
-
-
-
"
-
-
-
-
-
R
-

S

< 31>
MO x EBEOD N, TNZNO EEERL. FNLLT OENETRERE@FH TH 5.
(x. b) OEBESHEMN, EERETHS, LHL I0EHEITES (saddle point) &
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2%, KHDAARED saddle path 2777, & 6> T, FIZITEENU (x,. b)) HADk
SIEMAEDETHIUL, FIUIEATRTH 2, KENPNARRKERT, 22T,
TTRDICEWKER D, BRAATZIRAT T, LAbKBR TSI —FT 0 v FEH
L Tns, 20k, (39 RTRENDEIBHRFYH 7O/ 5 LdH>TH, =
DFHRED S & TIE. PBROFEEE B NS EVICHELS, DI TSATY—F7
1y POTSITHBES NS £ 210, FETRRBANEKEZELTLES DI TH S,

ZHUTHLT, S (x7. b)) BOXIBMAEDEIL. HETETHS. OB
IAEESE b b UTO—EAETEELTES, ZNOZ, K127 LRTIZTH
REDMERFTZ S, saddle path DAL, (r —y+8) THBDT. Fi5D (xo by
DWW T DR RTRESR A3,

t—y+B) b—b) — x,—x) <0

THD., WENCHEGREEE (B) M@ USENZE. saddle path 13 D EAEIZ
B0, BEOEBEHE (x,. by 3L DEEIEICRS, ©

bEAA, ZOXIBHERBEOBET, ATFRORERNOEENBI SN LN
Ve BlAIE. MEGREICHES BENROESR. ATRERERDE (r—y>0 AEAT
L, b =0 BIIRMEEIEVEE L. #1T credibility IRICE> T, FIFREREROE
DHENTIUE, b =0 BIIMEE D KEET 2. ChoIlJEL T, 50751 —N
5> ADETEEER LIS LT, b OEFERERE@EI RO 5Nz, IALEZDTS
ZEiTRBS,

<BE>

1)Sargent-Wallace(1981),Winckler-Hochreiter-Brandner( 1998),Prskawets-Feichtinger-
Luptacik (1998) =M,

2)Winckler-Hochreiter-Brandner (1998) p.260,

IBBLAA, TOEIBHES —LITBNT, BEEREOIESA,. DhlcHEHZ T —
Y—THDINESINEIARHTH S, #MiZ. HEBENERMBERICADTOND LN
W, LML, ZOSIZDNWT. #l21E von Hagen (1998) 13, MEROZEREESH
BABCN, WM RBNTIIHNL L 72 H D E W A FIRFTR., HDVWIRERICDIETFL
LA A—TH0IRETHZELTNDS, £, B—OFRB|TFTERREINS S
FRECR &, BIBBOR & CIIEERFIER - BER/DENAD D, EEMICH, FBHFIT
FERCH L TEDRE, BIENWEEREFE D200, BIFOHBOAY > A Ic k&< o
95 EIERL T3, von Hagen (1998) pp.278-279,

HZDES unpleasant monerarist arithmetic (W33 tight money /S5 Kv »7 2)
DFF M7 ERPEBICOWTIE, #ifE(1993) %5 9 =548,

~ 5)Blanchard (1984) ,Bovenberg-Kremers-Masson (1991) ,Winckler-Hochreiter-Brandner

—262—



HoE [HMBORRIEEERELTOSE —ICROHEP—]

(1998) S, Ll Insid, BUSMENICHBRFEEZ I bO—)T 5 E NS FHER
IARETLORNONS L, HEICE, IarRETIdR<. DL ARKKICHE
2725 D13, shock-therapy HAThEH LRV, von Hagen (1998) pp.280-281.
OHBHNL WIT, X IFEHRENERATREARRA T 51 XY —H—T 5 2 TH B ETHIE,
bSO EyDbET. ZDx &b =0 LOWVERFET 5L I BAMERETH B,
7)Bovenberg-Kremers-Masson(1991),(1993)p.145,Winckler-Hochreiter-Brandner

(1998) p.263,Prskawets-Feichtinger-Luptacik (1998) pp.102-103,

8) (39 R& (310) KOFREATIIOD determinant I3,
det= G@¢—y) (—=8) <0
TH2, BB, bl c—y) OEKTHD. c—y) NEBEBIEFLE, 5D x Db ET,

bEIIEVERIL T T 5,
9)Winckler-Hochreiter-Brandner (1998) <. Prskawets-Feichtinger-Luptacik (1998)

2. ZOXS3BETFINEISAL T, ¥—Z MUt MaE O BELEII B B O Fif it % /A
TADITESITZIBNZ EERL TN,

4. BB OFEG Al REETE

BRI OREORES -

2 @i THE DB AN S, Blanchard (1990). (1993) IZH#-> T, MEOFEEEalgEME
OEEZRODEICHKEL TAHLD., Thbb, HEBMNTWAHBOREZE LU
T, 19k, MEEBERORAY D AEREZDNEENRETLINEDINTH S,

HLARAUSTHBNKE TN ETIUL, WEOBBEBRIIAERS - GDP LR EFkK
bz T—EICHRET D LN BRICBWT, BEAEETHZ, LNLBHLED TRT
N, FIFREFEREZHESLETHEE, BREAGERMBBERIZC-6OXTEZASNBZDT,
INEEE - GDP kR ZE2—FIZT 5L D ICHEBGRFEd (g ht) @ﬁﬁﬂ’éaﬂ%b?&ﬁﬂ@if;
5730, 5 TBEKMe, ho, Mt OEDES LRI LEIT B,

FIZIE, WEBIFOMBERRICHZ-> T, ZTHOHEEL V. MBS 51E LiFsh
RITNEEELLD, £5F5L260RED. FIEOBFXH g EBELHh, BXRUF
EQNMEEEDDOH LT, FHFENRESRIZ (sustainable tax rate) t*/)VEHTES, U

WX, d=g+h—t2EET2 L, 26T

— —(r—6)s —(r—0)s 19
£1g+me @+gfe ds=b, (4-1)

LB, THEBRETtE, t*EBFE
'=(r—0)[b,+ j: (g+h)e " ds] (4-2)

A B, HBNIE

—263—



BOE HMBOMBEAIREERECOETE — UGN HEH—)

t'=@r—0) j: [g+h+(r—6)b,Je P ds 4-2)

TH3, r—ODEPKRERNET B EE, BHETRERERIL. 9RO g +h TR0
EEREN B 5 THFLWEDOSEHEOE IBEMEICZEL W,
ZOEIREHREEL TORGEARERE (t% LETOBIE (t) L&HEdThiE
ZOE (t*—t) PHBOEFEAIEEOREICRS, L t*—t <0 THIUI. HFD
HIBUIRFFARE TH S, M, t*— t >0 THIIHBARAEETH D, T D& ZHEFRF
ERTIUE, AMEREHLRIERICEHEL WIS THD, 207D, BEDEE LT
 ASR®DEND &I D,
 LAL. BRI EBARIREDE (t*—t>0) ARAUEERLTH. %L
BRI/ 2 S VFIUDE—TH 2 ElFn i, FlZE BTORER t B+
EVWKEEIZ SIS, WBOER AR fMII+HIcEINREICH D, TD X, 19k
DHHEETHREDE LTABETH S E LT, FHUIHEID 3 0m iz AR 2
EZBE®RTEHOENES, ZHITHL T, BIFKENT TIRHAKEIGEVWRRIZSN
i FL t*—t >0 THoTH, TIIMBIFEOBRENNZ VB, NMEOEE(LR
FRONMEBRESENOY AV OBEVERTIEILRS D, TOEKRTIE. BEMIC
BRERETESRMAEEE TEL LI AT OHEELIN/ZIER (normalized index)
CMEERA S,

FEXYDIAX B

CNETE, HOHRT, ENLUHBERBVLEICRDNEHTE, LHrLERIC
3 HI—=DCoNVWRBENFKEET S, TIUT. WA ALREE THEBOFENEN 2L
SRTH 5,

T U THREMNENNL, LY O EHEICHRAERREANOEBENTERWN, 57N
W RERTE LR o LHTRRENFEEL, FlRNMERZRTLARTNIER S0, Z0
Te DR rTREME AR T 2 720113, BB N S EZMA 2L 0B t *2k 51
BT EITB, D, BEGREOBIUCHESEEVIANTH B,

WX, d=g+h—t 2ZEL T, C-6XZnkETHFTETIIL

b0+f (g_|_ h)e'“(r— 9)Sds_ t-’-:e_(r—e)sds_".: t:e*(r—- 9)st=O (4_3)

225, Lid, nkEEICBIS LY THB,
IhE @WOREZEL T, BETS L

tkn—t*= (t*—t) {e G*-9n_71} (4-4)

EZB, P IS, BERVEBNDHEInE 1 £95LE, HERt*OAETSTOEMSY
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i,
dt*/ds= (t*—t) (r—0) (4-5)

T, SERTES, ¥ |

BIZIE, r— 0AT 2% T, t*— t MW 5% ETHEE, 1 EORNN 0.1% t *& LR L.

HIBEAE (ds) I 10 EM T, t T 1% T ERTA Z Lok 3,

<HE>

1) Blanchard (1993) p.315, Z®MD X DI Blanchard 3. #HEICBNWTEET 0NERE
BOVERIZODZ> T—EBICHER I ND L O RBRE, BIRNABFTESNRA N SBEH
U, TNZHMBOFFEREEEIEE L TIRR L2,

2) TTT @WIRED. [ (gHhe " Vds+b=1'(—0)". 7.
[erds=r—6)"1=e"y. [ ds=¢—6)"e ", TH3,

3) ZZT. e ~1=r—-0 TH3,

5. HBiF v v THEE
R v v 7
bo &b EMFRATRIEEERN. Q-2XTEZ 513,

(2:2) RICBNWT, b=0EBE, TOEEDt =t *EBIHI

t *0=g+h+ (—6) b, (5-1)
ZAB, INNBEEETHIZEHNSFHEIRENMETH S, UL, MALWESAFES
HEERIZEL W, ‘
o T, HEDBEREOFY v /1T
ds=t*0—t=g+h—t+ —6) b,
=d+ (x—6) b, (5-2)
L35, UV ZOEER t*—t>0 THNL b D EMBRFELEICZEL Y, Z08
. T EOITHEOEZHANDOTII AL, FIZIGEE 5 £HD T 10 ERIOTFHE%E
A3 ZEBTES, 25T —EHROBFOEANFTREBESAHER 2
(LU TRT ZEMTE, o CHBBIEELBSTHS S,
Ll TNTHZOHEREZHEDICLRANTH D720, FRINIBHFEOLEDIGK
OBRDOELNSE U BB EIIEZETERN,

& - RIS
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TIT, ZAERBEGE ELORFZnHiFMET 5, LT, 2O n K TR IR
MK, 2L THE D,
WE, @RT, d=g+h—t Z2EZEL T, BHETS L,

['(g+m)e " dstby—b,e™ "=t [lemr=ds | (5-3)
LB, ThMs, b,=b,&RB5k5kt &, £, BT

t::(r_ 9){1_ e—(r—@)n }—1 [j:(g“l-h)e_(r_e)st‘i'bo{ 1— e—(r—ﬂ)n}] (5_4)
HBNWIZ,

== 0){1— e "} [ (g+hye " ds+H(r— )b, [ e ds]

=(r—0){1— e™ "} [{g+h+(r— 0)b, Je ™ ds (5-4)
Ex %,

n—oolBIFIE, £, 13@2DRD t MTHEDI<., BLr— 0 LnDEPZNUIEREL 2

WwWETIUE, FHIRRER R 13, PHEINS nFEHO g & h OFEET S ZHFIL

CBE @—0) b, GEMUTES,
&, HWEOBREBLOF Y v/, §xbbtxn—t 2, XOFEHOEEZEZEXT
<3, P 9kbb, '
dM=t xn—t=3 (g+h) m+ (@¢— ) b,—t (5-5)
TH5,

FlzIE, MBEEZ n=3 LBETIL. BRETEREY Yy 7 —t 13, YHEZ0

% 2 FOMICTHRS NS GDP L THIZBUNSIH EBETHOTIEIC, X GDP TH
IZRBEOMFFLNZMZ T2 D5, BITOMEEELFINWCREITRIND,

<K 51> IN50RE, WD —AZEEL T, MELREFTRLED
DTH 5.
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BB DR R IR & 2 OB E —IURDF A —

<#E51>
r—2 1 r—2 2 r—2 3 r—2 4

o+h 0.35 0.35 0.65 0.65

r— 0 0.01 0.03 0.05 0.05

b, 0.8 0.8 0.8 1.5

t 0.3 0.3 0.55 0.55

t* 0.358 0.374 0.69 0.725
t*—t 0.058 0.074 0.14 0.175

FROE AT REPLER CIRFT OB DEN, LERBIROFIE LIFIEZ2RLTVWS, ¥—Z 1 &
r—2A 2 ZHBTIL, FIFROEFEDEG. 77— 2 OIFS BNEREIE FITIEs A
T5, F—RA1Er—A3Z2HETNI. ¥—A3DHEE. &M LR EHBIEREOHLA
W&o THBEFIRER R tYIIKIBIC LR L. HELBIROEZE LIFIgIT 2 Gl &75, &
SIZT—24 T, FIHONERENITIIEE TS0, BEFTRERR tMIREICE WE
ZRY . T MBOFGERIREEDZERICBWTHE#EN L VB NENZ B,

INBIL. kD ZEETFEINDFEFEROLBLL. BEEHD. ZhCHHEL 7%
SROBFSZHSHB OB E 2O ANIGEEBEL LD ETHHOTH D, ZOEDHAR
TAT 47 FIZIE30 ENS, B0EEND KD & 0 B EGapettigE

Ol =1t %x30—t (5-6)
OFFHIBHATE LS, ¥

L LZDDIZIF. DFEIEIZE D A OBROBENESHPEBRRBMA DL D ntte
RIEBIEDO T HICRIETEEBIC OV TOFRIBENNE L3S, £z, ZOLIREHRA/
T HBERBRZDODOMFHIFRORERIIRIFTEELERTERN, TOBE, B
ICHBLO G E LT B2/ EIREL T KT T AL R ORI E D RN EE & /2
%9, _ ,

INSDRTO—RLITZ D EMTII2NITINE S, XFEBD S HE2HIE Okl e
THRICEECEELZBETH D, RuRAMELTH S, Blanchard DERIRIEEIL
ZD/ZHD 1 DDAHMERT T A T4 7 ENWZLD,

<HE>

1) Blanchard . Z#% primary gap &ML, Blanchard (1993) p.316.

2) Blanchard i3, Z#1% mid-term tax gap &IES, Blanchard (1993) p.316.
3) Blanchard 3., Z#1% long-term tax gap &IE3, Blanchard (1993) p.317,

6. MBURFEEIRERLFFE

INFETE. EE\EFOSTEHEZAREL L, T L CTERESN S, BEANLZEDDN
BFEER L, MBEBEROFFAIREEOBR®REEZ X TE,

UL, 41U Blanchard (1993) OE#MIZHZ LB, ERLOFIRIBELLT
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QERADD S, R, EROBERREIIZTOLELEORFREIKETZOT, KED
BEREE L. BEOHBICOWTOBRELELTENSTHD, v :
TOHITE, BEOH ERNADKEDREBZETED INZBRASY > X ORBRINN
18 - GDP LLROFEH. HDVIIMCREFIERIT I EIIRDZONEID, TOEKT,
Tk, BOROWENUEITIZDNES NERD D ENTED IS IEENULE LR,

Af - GD PHEEROIK

X9, MBORFEORBENGD PR T—EICEEED LI —AEEZTHED, 2
W&, ZBHGDP (Y) IZ—EDRy THREL (Y. =Y, (1+v) Y, BEKRE (D)
WGDPO—EEIGEQTHS (D,=qY,) &T5, T595&L, EBEOEStIIBITS

INMEFR®IL. B,=Y D, +B, &30,
k=l
t
B, =q¥, > (1+»)* +B,
k=1

= @/ {0+ »la+y) -1]}+5, (6-1)

L72%, ¥ HE> T, AME- GDP I,

t
- B
bt=_B_f=g{<l_+_y>_l}+ :

oyl asy? [ n
_ 9 'y |, B,
= 1+ —_—— e —— (6-2)
y( » A+y~" Y
LB, Thhd, t—ol B
bo=2L1+y) (6-3)
y

2Z25, :
CDEDITHBORENGD PR T—BIZHR=ND ETHiE, M&E GDPHZEIZ t >
BT, HRO—EMEIZIGRT S, FlzIE, af3% (%), vMN2%TH 3 EFTH.
b=1.53 (2.55) &713%,

AfiE - GDPHEORE

DADT—ATIR, REOFHWEELZERL, BHERFI ISV —F 70wk
CELWELZ, TAER. o &L TRHEAWEZZEL., GDPIZHT3/51<
U—N\T > ADHEN—FIBENDEL LS,

WE, THOLEREOMNGDPHEEZPEL, D=PY,=B,&9%, #5735,
FFHEE r &7,
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B,—B,,=D,=qY,+rB ., (6-4)
TH5, Waphziud '
Bi=qY+ (1+r) B,, (6-5)

EBB, TINS5 B Buo B &R, JERMRAL TEETIUL
Bi=qY,+ (1+71) [qYu+ (1+71) Bl

-1
=g (1+7r)'Y_, +(1+7) PY,
k=0

-1
=q%, > A+ A +y)™ +(1+r) PY, (6-6)

k=0

2B, I2FELy, =1+ y, TdH5.

-1 !
bt—ﬂz g [ A+ A+ |+P iy
I (+y) = » 1+y

k t
21+ 1+
¢ | —=| + : (6-7)
o\ 1+y I+y '

BAB, IS, r?7y &L

b W{{(m] _1:|/|:1+r _1]}+P(1+r)
I+y I+y 1+y
:q(1+y1(l+r] _1}+P(l+r] (6-8)
r—=y |\1+y I+y

&5, LML r=vOBEEIZIZ.
b,=tag+p (6-9)

ERD, S
ZDE D ICHENANEE O BOGRFOEBERIC 2L, ME « GDP RO X3,
FFRr CRERYy OBRICELEESND I &R, TOIW, BiZr=y Thiud.
(6-9 KLVDHSNREDIT, t—=olZBNT, NMEBRSHRIIFE#HT S, (b, —0),
ZLUTENDIEOREBIZZ D0, BEOFEBITREME. OB (Thbb 513 —
INTLR) RETH 5,
IDZERr=yDLEE, FIMTU—FTT 4y b2HTIIRMEGEEIZENAN
ZEEEWT S, HlZIE. PHIONE - GDP HEM 08 T. TS5ATU—F T4y k
M4%THDETHUL. 10 FE. 30 EBRB IV 50 FEHONE - GDPHRIZ, 2heh
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b10=1.2\ b30=2.0\ b50=2.8 &f;éo
ZOHBE. bLBFNTSAIU—NI > A2EEI 2L BHEGEYE (q=0) %
AR RONME - GDPHEIZORICHIHIDKE 0.8 T—EIZIEE S,
TIUTHLT, y>10LE, t=00rE It 50 LL50T, 68 RkD
y

b,=q(y+yj (6-10)
y—r

A%, Y NME - GD P HERIIIMEEMICHEHT 2 2 &1373< . REMIC—E@EIcIET
5, LBLZOBAETY, 751U —FT 4>y MAKSHUEAZVIEE, I0RT 2
fEIIAEL 25,

FIAE, FIFRN 2%, RELN 5% THDET D, ZDLEE, TIARV—=FT 43
v hAY8% (6%) THhIUL. biF 1.06Q.DICIEET S, FSATU—FT 13w k1%
(@=0.01D) IZMz5NIUE. blF0.835 TERELT S,

=4 L7 R RO ATLEM:
ﬁt\r>yf%hﬁ‘Eﬁﬁéﬁo%h5&6t®\@8)ﬁé

b =g 1E2 1+r’_q1+y N 1+7)
' r—y ||\ 1+y r—y I+y
2
=14 1+y +P 1+r —q I+y 611)
r—y I+y r—y

EEIMATHID,

CORITBNT, (1+71) / (1+y) >1Th?, LT, pEqlcfEsdsE 1 HEE
SHD 2 DDHRHEREED, > T, NME: GDPHEOBIZZNEP & qOBELE,
NS OHXHIIZRE SITHRET B 2 &0 3,

BUBIZ, INEMANETHS (p>0. g>0) ELED, £9F2BL, tooDd:
&, RfE - GDPHFIIHELZEHT 2. IRbLBHTFRARERE FES &=, BF
MTTAIV—=FT 42w b EETH, $BVE TSI —F—TFS5 2 ThoTh, =
NAVNS WHRITIE, AME - GDPHRIIEE TSI LI0R3, ZOLI B —A T
MBEERIIFRATRETH O, BAFLHAMHIRE N20, BT hERsns &
ZRBHKY B,

/2. pLaOWAPAEEEENE. HENE (P<0) T. 754U —H—F5
A (q<0) 2F<BET. BIFIIEOMEE (net worth) ZRETHIEICR%, TN
WWHRENZRSVESITRNTINED, ZOBED F-MBEEIEERTEE 2 S,

INBIXMLT, pEadIB, 1 DRET. 5 1 ORETHIUL. 611 RO 2
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BWOE  (HEOBRTEILEE L2 08E — AR

DOFERIRISH OB ENCE <, L7zAt> TLME - GD P HEOS =T,

1+y 1 >
P ' 6-12)

IHKHFET %, :
B53A. q [(1+y) /1 (r—y)] =P&i2&57p & qDEERkD3 2 &Ik
ThoD, TOLEDg=q LN, §=p /{(1+y)(r—y)} TH S, ULhLZOmkEMIL.
EWMn(wW)®%%K%%%i5K‘&&h&%@%5tﬁmomﬂb6ﬁiﬁd‘
KR AERREENRHT 20 2ERT 272010, BIFFE TS5 <U =N 20EZ
(6-12) XOFEFOHAEHE, PEIE TV EIBREEL TV ZEITR S5,
7547U—?749ybﬁ‘&%WM7547U*ﬁ—752ﬁ@i0K%wém%%
ITi3. 2ME - GDPHEOREEE WIS BNAEWASTH S, (6-11) Foit. BEEE
ﬁ%ﬁﬂ%f%%t@tm\:@ﬁ%-GDP%%@%E%@&T%k@K%EE+ﬁE
RESDTIARY =T SAEHSRINIREBN I EERT, it BB
LR, TRROBNMENERAIRE TH 5725 Bohn (1998) {K3ilz>>5 U3,

i B 5 Bl

IORZE, HEFITHERELTHLS. O B FITE (r) 13 8%. REZ (v) I
5% THHLETD, TLUTHHIONE - GDPHE (p) 250%&T 3,
<TFUF1> g=g¢q

ZOLE, TIARV—H—T52Z (q<0) % q (1+y) / (r—y) =p A~
TRARBRESTHZETIL. §=0.01429 TH2, 25F2E. (611 HOE 1
HEH3THIFEL < (0.01429 (1.05/0.03) =0.5). RIDHFEELHD,

WE-oT. 5 1EEE SEIEREIN. blIoRICHMMED =05 T—F &R 5, b
5,

b, =—0.01429(1.05/0.03)(1.08/1.05)

+0.01429 (1.05/0.03) +0.5 (1.08/1.05) ©

=05 , (6-13)
Th 5,
<TFUF2> g<q

THER, T3V —Y—T 5 ANEENNME - GD P HEOBAZEMHIT 212+

RBRESTRNELLS. TAbEg<§THD, Z5T5L, (6-11) ROE 1 HITS
3HEKV/NSL, B3 HEMHERTERN, FlAIX, =001 3L, 30 EBDLME -
GD P EkiE,

b30=—0.01 (1.05/0.03) (1.08/1.05) >

—271—



B6E [HMEROREAIREERLTOER —IURMRE»—

+0.01 (1.05/0.03) +0.5 (1.08/1.05) * .
=0.6992 (6-149)
L%,
< FUF3> g >0
BBOIFUFE, BFENTIAU—FT 4> FEHL, M © GD P HEAER
WERLBEIZDr—AThH2, flZIL. 9=001429 T35,
ZDEE, 10 FBRONE - GD P HERERE,
b ,,=0.01429 (1.05/0.03) (1.08/1.05) '°
~0.01429 (1.05/0.03) +0.5 (1.08/1.05) "
=0.826 | (6-15)
L7325, FRRIC 20 485, BXU 30 FHIZ. TNTND,,=1.257. by=1.828 &725,

ZOHE, IME - GD P HEBOBAR—ZZHLD 10 ££RIT 0.326. ZDXRD 10 4R
T 0.431, T L THEED 10 FHET 0.571 &, RETMEENITHEKL, t 20D L &,
¥ D LT D,

OIN5OfEFIE. DA THIZ r <y Dr—AIINME « GD P HEIFEHL RN TN
RITDENIHERMEITHBITH S5, TOEKRT, 2ME - GDPLUEOFES I IHHEHN
I 2013, FIFEVRELRE LREISEEDHBTH DI LM 5,

@F7z. 30FRHIC<TFTUFI>ELIF UL 2>ONME « GD P EE kT,
<TFUF 3SDEINFUF2>ODFENLONEDBENERRT I ENDMD, &
DZENS, TIARY—PF—TSAMWNIFUIIENEE, ZLTTSIU—F7
4 BMREFIUIKREWIZTE, ME GDPHERIZXIOEL D, FEHMICATS
TARY=NS A " O—)VINEDDTEETHD I ENHRTE S,

<> ,
1) Blanchard (1993) p.316.
2) #1z13. Bisphan (1987) pp.68-70. Frish (1997). Burger (2003) &,

xt

4 —
3 b Yx = waa,

k=1 X —
4) BLr=0THIUL. FHWEERLEr—20L 1+ y)ici 5.,
' y

5) Bisphan (1987) p.70,
6) LITFOEMEFITDONTIE. Burger (2003) pp.42-43 28,

7. EHREG vl RE
HRAE TSI <=5 X
INFETHTERE (63). 68). 69, (6-12) ODEHMRIEEL. MERBEENEY
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N ATREN E DM B AB DRI D TH A D, LN UEROBERREEIL. FEORER
T EIITON, EREHTTONSDOITTIE RN, ZITBRHOBRBREIINTSEEE.
BEOHB I EICTHB TED L SBIBENMEERS, £57 % 2 & TBUFITEWITRIC
DNWTOFRETIE <, IEWERICDWTOFRICEDBENETH I LIRS, BURFD
R OEGAREEICEVEEN D TEOIR. TNNEHEE2ZH > THE TESLLETH
%, ZOEM, (63) ~ (6-12) THIIEEOBATRELEDRRTH 5,

FOEIREHNREELLC BE LB TERI NS/ U— NS A(PB :
AW ZBRWESTH ERIROZE) WS NS, TLTEDT T4 —/INT > ADHEE
LUME - GD PHEOBLOMBITEET 5,

ZOHE, BARBUFNEZ 5NETH, ThbbHEBTH EBN TRINTR S
Ve FHAWEBAIEIEKY EORBEETH D, HHEBONEEZRET S WS HIKMREIN
R0, FHWEBIFOBETHIRLZDT B2 LI TERNWNSTH S, ¥

FIH725 EBUFNTHZREL T, 2ME - GDPHR&R2ZZEMLL LD TR FHAL
WS D OADHIBAIREE 725, 7272 L EOBETH TN TORNF LA S
HRIZHEBHTH D ENI DT TRV, ££2EDBENZHITE. FlIWEFRRRER
B - ERENTHINL<EENTNENSTH D, ¥

RO (7-1) RO, BMBROFERAREEEA57200b> &b RNEHEETH 5.

AB /Y = (r.—v,) Bu/Y+PB/Y +R./Y, 7-1D
TH3, L. TSATU—N52Z (PB) i3,
PB=1+G-T (7-2)

Thd, 1IHELH. GIIEESH. TIRBUNTH S, F/z. R JIDNEOEEL (debt
monetization) DR EZEVEREERTH 3,

(7-1) ROFDOFE 1 BN, BIFZHOFIWESZRT, r>y ThHiud, fF -
GDPUHROEHFEHERD, #iZr <<y THIUX, THEHERS, F 2 BHNBIFOF|
WSO HEERT, B LEZNNETHNUT (PB>0). 794V —TF T4 v &
BEWRL., ME - GDPHEOLEFESLERS, #iZ, PB<LO L, o1V —H—T75
ABERL, ME- GDPHEOTAHENERBD, TN5 2DORES EFHITHHBL T,
INE « GDPHRRIZHLUTERTT I X, $D0WIETA T ADOHRNKSIT LT85,

Mo T, AR Z R T 5720 IIIBURIE. FIFR-RERY v v 7057k
BEHZAIN-LTROHZFEDT A = =TS22 HI BTSN, I
& - GDPHERZRELIVDIHERT I —H—TF ZADOKRE XL,

-PB./Y,= (r =y B.JY, (7-3)
THb, INW, BHEARER TSI —Y—752 (-=PB") Th5,

I ZIE, ZME - GDPEZRMN60% ETIUE 1%D (r —y) Fy v 7/id. GDPD0.6%
DT FTAR) =Y =TS AEBBEETEHIEEERT S, Ko T. FHLTHTO (r —
V) Fx v W 2% L. BMBORFRATREMNE 2 ER T 51T, 1ZIEGDPO 1.2% D
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TIAR =B~ TS ZRERTSHZEICRD, 53 ABEDNME - GD P HERAE <
BIUTRBIFEE (100%), 1%D (r—v) Fv v T ICHLTERZND TS5/ —H
— 7S 21FL0OKREL LS 1%),

B L B fE

Db, BHfEEZE-ST, r>yDEE, NME- GDPREROLREZHEIETZICIE. 7
FARI = —TSANREI 2D L 2Hz. TLTr<yThiud, IME - GDPLL
Re2ERI®DZILERL, TI9AMRV—F T4y T IBIE2H72, UTF. 2h
S5ORZ. BEFITHRAL THLED, ¥

WX, t - 1HOEREN 50, GDPH 100, ZL Tt HORFREIL 5% TS
%, TOEE, REDEDIR 4 DOTFUFAMWRINED, 2B, <P FUF 1>E<F
UF 2> IZBNWTr=0.08, < FUF3>E<IFUF ITBNTr=002 &35, £z,
v = (1+0.05) Y.,=105 Ths,

<ET71>
P B TI5AR)—H—T 5 TI53AR)—FT T 4w b
r>y FUF1 %2
r<y >FUT4 >FUF3
< FUt 1>

ZOHE., BN 1.5 OREZIDTIAIY—Y—TS52A2HTET B, £5T5&,
(7-1) KIZBWT,
AB/Y,= (r.—g,) B./Y,+PB,/Y,
= (0.08—0.05) 50,7105—1.5,105
=0 (7-9)
2%, UL, ZOF—ZATIE., 759V =P =TS ADKREINEFEIRE TS
U—H—75ZAPB*=1.5/106=15IZZLWHS TH 5, ZHUIP B*=0.01429 TH 1,
BELFEGDPD 1.4%127/25%,
2B, INEIEHEZEDO<>FUF 1>THEZNE GDP RO LB ZHIET 572917
 BERTIARY—H—TSAERAUETH S, FeZOr—Z T, BHEA PBULEDT
TARY—F—TSAEHEIE, ME - GDP HEIMEFL TW<,
<TFUA 2>
B2, BUER 1.5 0T 54U —FT T4y h2HTY—ATH D, ZOEE, (7-1)
=i,
AB.N.= (0.08—0.05) (50/105) +1.5/105
=0.029 _ (7-5)
LizB, TOTF—ATRTIATY—FT T 10w ", IME - GDP &% t-1 HD 0.5 H
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5, tHIITIE 0529 I2BIE BT, FITENRERE LESWR T T, BURNT I <Y
—F T4 2y FRHT XS BEEE ST, AME - GDP RO LRI 5han,
<IFUA3>
LU, < FUF BSOEDITFIFENRERU T TH S LD —A T, RENE
5T 5%, Thbb, HIZERAUEIIT 15 OTIAYY—F T4y h2HLTH, 1
<y THN,
AB./Y = (0.02—0.05) (50/105) --1.5/105
=0 (7-6)
EBBMETH S,
< FUF 4> |
530, r<yDRWFT, <O FUF 40E5IT54Y—Y =75 A EHEE,
IME - GDP HEIGHEIZIKTL T <,
ABNY .= (0.02—0.05) (50/105) —1.5/105
=—0.029 (7-7)
PO TZIDIr—ATIE, &+ GDP BERiZ. t— 180 0.5 5. t #ITiE 0471 1
BT 5,

BFRAIET S M <) = — TS5 DBk

PLE, MBI E - T, 7747U~ﬁw77x03/bnww#§§ﬁ*
IR I EEA, LINLIDOZER, ME - GDP ROEAZMEILT T3 BUF
PNDTHTHRBAREZIDOT AT =P =TI ZEHIBTNTRERNENS T L%
BRL 7,

BEIZE, 917U —H—TF520/NE<T (PB<PB¥), M&E-GD P LEREHEIET
ZRWHBDHA D, TOLIREEIIITZOE, PB*ULOTIAT) —H—T 5 AN
ETED IO B THERTENR LW, BEERAL. BREWRNE . GDP HEREHMHE
BT5-0103. —EHBTEEL T, HoRBEBE0 TS/ =TI ANRD 51
5ENVWHTETHS,

ZOXDCHBOERAIRE TH D013, BURREEIEEL T, +a78KkEXDY
SAY =Y =TS 2AZHTIIEHBE LTI SN, 2O ET, BRE#HOB
BT, 794V —HY—T52A0KREIZHE. BUYCEEL TWS IENEETHSZ
LEBW®RT S, TNEFAKEIC, EREWRERENHIFRFINS &EEITE, —RrICRE -
GDP LN ERTHZEHRD D,

Pz, BUEDEREAOEEL2ED 5 LS RREZT AL J0BVRER) T
TEEY., JVBNREREIIBERESIE LTS TH, L0EZOBNOBINERFEIC
T5, {FRONE- GDP LEORMIL, BEERDZTIAIV—F—TIFADKEIN
BT LEERT D,
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b, BUFERL TS BIEBGRDFHR AR TH BN EDI 0 E, BUFNERE, ME -
GDP LED LR ZFIEB L TND I I RBERM, FRNONFEETEDZINE I NEND
ENS. HHLUTERZ. LML (7-3) Rid. DUAEEFLWEENERERARER S
FTARI =Y =TS 2% LEEBZNEINEVNIEENS, BRTZIEHTES, T57
ETNE, AR AIREANERS L. BAERARER T4 —Y—7 5 ZOEREF
FTRICHTDURTHREDL I LEBKRT S, Z0XHIHNIT. DU SBIRANICA TR
EJEE (political sustainability) &E7223FEMNAEL S, K HOERE RO EHEIZHRRN
L, BREHFAERTF5AIV =T SAORESIZRANB IO, ZNIBRKE
WAl NMEREORESIC LR EZRT I EITRDENSTH S,

{ERRROPE R RER T

RBREWIEEL LT, GBRNAERIRERFENEZ 515, JiU, BEUFLHE
BIR OB ORISR EE L EEZIND, Thabb, -

D.=—PB,— rB, (7-8)
ThHb, ZZT. (73 RO—PB,= (r —y) B, 2ZEINI
D /Y= (r—y) B./Y.— rB./Y,
=—yB,./Y, (7-9)
L2, RERMNTBNME - GDP LRIZEL <723,

PRI, v=2%., TLTY—ZX MUk FEEIZHES T, BY=0.6 LEETIUL. 2D
INME - GDP thEO ERFEHZBIZE T I ERLICBUENHE ZHAFRFEIL. GDP T
AT, (DY) *=2X06=12%TH3, WiahziuL, ¥—ZA Kt MEE TR BGRE
I 3%, NERSEE 60% EREINDIN, INOSWEREREZEE LU THYT 57
DIZIE RERy =5 % MRS N2TIUI RSN E2E% TS,

COEBREIIELNED, (1) ROLDITHFREREROBOBEREZEZETER
WHT, BBEBSR ORI E T 2720 II3AR 0 ICHBERIFE S WhiFhidz s
A3 AN

<ME>

1) Burger (2003) pp.44-45, #if& (1998a). (1998b) (2003) pp.29-30.

2) Blejer-Cheasty (1991) p.1655,

3) Blejer-Cheasty (1991) p.1672. Bovenberg-Peterson (1992).

4) Burger (2003) pp.46-47ZM, 733 Burger (2003) 3. ZO#H LT, SERFAOHE
HOREBILE, TNEREZ /2T al—al2HlA T3, Burger (2003) pp.80-101
ZH.,

5) #fE (2003) pp.46-48,
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8. RFNEEFrenl el

B OFHRrIREEOREBICH 2% 2 Hid. BURITERMICRERETRETII RV E N

IHDTH%, MEFFEFHTIUL Posner (1987), Buiter + Kletzer (1992)., Friedman
(1992) £ H DL DT, ME - GDP HROED AW ERZBIEB L., FIFE
DEREBEORDEHZSTIEIRINETH S,

A4 XEBURITIE. BEFEZRETS ZENMEBERORE EEZZ 5N, BICBUF
IIRREESZHERD DICED ANDIRETIIRWETEINTEZ, BUFICL S RFENED
BB OFEFRARIREDOIRERICIES ENWDFERTH S, LT TIE. BEZHEHES ZDHDONME
HEITL, DA THTCEREFRARESTER VDT THLD., ¥

HTRIEER IR /NS5 > X

WE, (7D ROTIA Y —=NT > ARZEENZZHIZ. FFLWERWZRESH (C
) EBAXM (1) hoik3Ed5%, $2bb, PB.=C,+1,Thb, T595
&,

ABt/Yt= (1‘ + TV t) Bt'llYt+Ct/Yt+It/Yt (8'1)
ZZ B, FIHWEEALZRERFEORGD P I,
r tBt'I/Yt +Ct/Yt (8'2)

TH5, »

TIT, BIREAX (K) &, GDPERETIERT S LRET S, v=AK/KTH5,
vK=I Z2RAT 5 &,

AB Y= (ri—v ) Ba/Y+C/Y.+VvEK./Y;, (83)
L5,

(8-3) RITBNWT, EEXH (K.) EFHE B.) ZFEELTIUL. BUFIFHE A
BRTIARY—H—T I AR D/-DIRETE LK. FELWERWZEEN
522 (C) DBTHB, Tisbb, |

—C#*N.=— (PB.—vK,) /Y,
= (r,—yy Bu/Y:+ VK /Y (8-4)
2D, ZOCH, FEFERRERRENTING A TH D, BN EDRE, FlIAWERWN
eRRES N E EES R NER s W ERT, ME « GDP HEROREEAMIET 51213,
BUFISMERT AU —Y—T 52+ BEAZH, KELWENFREY—TS 22 HE
Uz 570,

L. BEOBINVIREZIEILOIOHRERETLZLTUL, B=K THZ, TL
TH5HS, BEEZHEOZOITEANTDELED, 55 L (8-3) R&D., &+ GDP
EEROZEMIT, BE/INT X - GDP HLRIZEL W, §742bb,

ABY =1 B/ +C/Y,— yB./Y, + v K. /Y,
' =r B./Y,+CJ/Y, (8-5)
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L5,

ZDZENE, EXRZTHMBROSE EIFRLIZ. FOBVWRNEWSRONRZ5EH
I ILERDB, BLTIThINE, ERATHIIBEIHEMSEDLRNI &Ik
%, 2 . ,

INn5, BLBIRMRENS A THRFEZHBIE, 1 B./Y, +C/Y >0 £720, K
JFEA - GDP LRI —FIH-ZNDELTH, 2ME - GDP HLEROBRBIART B TH S,
WM&+ GDP LLEORBEMHIET 51213, FIABEZRWZRENT A THIAEIZE L W
Y—T 5 2AEHEIBTNUIRERN, Z0EIZ. r>y. 1<y OMADESITRO D,

EHIIT, fE - GDP HREFE LTSI LA, NMERBIZY B BB ATESZ
SIERE X, (79) THELD KEMHARFORRAIREARRE Iy B/Y, THBI &
ZERVWHEEIE, GRNRFEIEFREZED 20 Ebivsiuinsans Licks,
ZDEEB=K &D. (85) RiZBIFBNME+ GDP LROBAS v K. /Y, \CRE S HIE,
5=V BV SRS NS, 25T, M- GDP HEMSBEEL THLH, & -
GDP RN L T,

ZAER, BRIIBFNRENEEZREITLTWEZETS, 2595, B>K Tho,
ZOHBETE, FIWERWERE Y —T 523, BRICFRFABERTL TS &L
BEUEORESITRSRTINIR SN, ZOBBMNE. BEZHZED -DICETL
TZMEICRIFRZNIEREICELL RS, T0O5. BRHIFFAWS O H 2B
50, TS T=dfRE5E BRIz sizn,

BRI AEMER I NANWHED, FIHWEREITRTIUIRSRNWD T, BEXHZME
DIZDITRET SN/ NMEOMEIZT R TOIEBROFFLANERR W BN T > 2 OEI5 |
WCELL72%, ZOLENE - GDP LR —FITHERIND ETHE 85) R

B./Y=—CJ/r,Y, (8-6)
&R0, BBERIIEFRIRES 2D, (86) L. 2HTHZ (2-6) RiTZEL W,

A B 7 B E 5

BRI, UEkosz, BEfcRALTHBId, ¥

WE, FIFREEERNENTILr =0.08, yv=0.05. L Tt—1HDOMEES & GDP
BENTN Y,,=100, B,.,=50 &T %, £z, 75XV —=T52T 1.5 THb, &
S5I2. BRIZBWTBUFIIEARZHZE S HEOANMERERH N, DNEEZL by 713
Ki1=50 £9%., TLUTAMEERZA Ry V%, RERIIZELNWRTHRI®SETD L,
BFREIR =y K,.,=25 &725, _ _

TIARY = =T 5N 1.5 T, BFHREMN 2.5 TH D5, FEWERW &Y
—7 I A3 C=15+25=4 7%, ZDEE, (83) R

AB/Y,= (0.08—0.05) (50/105) — 4/105+2.5/105
=0 87
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725, ZOBE. vB./NY=vK./Y=25/1056 Ths, £z, BERFDOKR GDP i,
r By./Y,+C/Y,=0.08 (50/105) —4/105
=0 (8-8) .

&ED\&WMﬁﬁﬁiyZTT$%&LTmambHT%%O

ZHUZH LT, AR, FHAWERWEREY — 7 I A0 s 5 &/hE <, C=35<CH¥
THNZE, FHWEZSAFERERFEON GDP id. 0.08 (50/105) —3.5/105=0.5/105>
0 &72%, ZOEIITRENT A ATHRFEHTE. O - GDP HBFIENER UL
EFT B LT s 0,

<HiE>

1) Burger (2003) pp.52-54, ETHLRD BARIZ DU TII. Ferguson (1964). Rowley (1986).
Kaounides-Wood (eds.) (1992) Mg,

2) LU, Buiter et al (1993) pp. 87—88 &N TH LT, HET O bD
NZIT, HEICEEFLVWHDTH->TH, LT LUDBBFICHREINDHSE L TELUR
W,

3) Burger (2003) p.55 &,

9. EHESITNDOREE
ZOXD ITHFAREIEOREIL. BUFORMIISEARK EOSRMAF L EBICBERLTY
B, EBIZ Hamilton-Flavin (1986) LARE, SEFEL~JVTHEEL X5 &L TWS I,
BUFSZHEBUFNADORENINE TOLDRHEBESEDIRIDIENTELZNE D)
ThHb, TOBKRT. WHEOMICEMMICHA TEENZBERNH S ENZ DN E D NOK
Y. NEREOMRIIOEBEOBRIEICHRNBMI NS, Thabb, NMEREST 1
RY—=NT UAN—EDEDED TREL TNVENE DN, —EDKEIZPIRT BN ED
NOFEIRBRIETH B, L IN5ICK> TRECHBFRF D D WITH BB
T%f@%’&ﬁﬂwﬁhﬁ RO T A —=NT > ANBFOTFEHNE TS
WHREDBERAY > A% Ebfﬁ@ﬁﬁh@ﬁbﬁm;&@ INETAHATERE
@T%éo”

R B OB FE I
Z DX D BEHETTREE 2 AT S R AL, BIFOFEFNATH S, & T,
FOERNHHESZREE. LTOXDTHS, ¥ WE t HIOBFFERKZ,
G,+ Q+r,)B,, =T, + B, (9-1)
E9%, ZITG: FHWERWZBUFH. T:8IN. B: AEES. v FIFETH
%, 2. PS, =T,?2G, &BL, £593&, Zns
B, = PS/(+r,) + B/(1+r,) 9-2)
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EZZB, INZ, HIZIE t+1, t+2. t+3 EHIAZITAEE, B, . By B 2R3, £
LTZOB,R%E, B, RITRATS L,
B,= PS../(1+r.)
+[PS 1of(1+ 1 11p) +B o/ (1+ 1 )Ml 4 1 10) (9-3)
BZB, TNUTE BT, B 2RATB &
- B, = PS . //(+ 1 ) +PS /(14 ry) (14 1,5
+IPS /(14 1 11g) +B g/ (14 14111+ 1 1) (14 1 449) (9-4)
ZZ 5,
Uo7t 2 2EREFZ TIRVERIE. BIFOEMSAMOTFESNRZEZHTIL
INTES, Tabb,

B,=YPS, /[]0+1,)+ limB,,/[]a+r,) (95)
s=] i=1

=l
THB. TOROEDOE AR, FHRTRENDT T <) —F—7 5 A ORLENMED
BEETT, FeH2EL EREOTRIRS EHOBUEMECTH S,
65T BIEOFFHERTREDS, BIEORRICB L TR HIFEBIRA TE 5 &
EBUT B ETIUL,

limB,,/[Ja+r,)=0 . o (9-6)

i=1

MERAL L2 NE7e 5720w, 37bt. ERLOFROBUFESNEOIZIERT % 2 &0
ST B, '
ZDEE, (95) R&ED. MEOBUFERKIZ.

B,=5ps,/[[A+r.) | 97
s=l

P

ThHo T WRETTFHRINZTSAIY—Y—TSATHRIND Z LEEKT 5,
WARZIUL, (96) RAFRILL TWiaWikinid, BUFSFRER CREOEBEB ZRET
HEVIRI DT —LEFTOTWBIEERT, TOEKRT (9-6) Kid, RO EI N
TBFOR S D= —AZBNIEDRBIFNIRSRNT EERD D, Nt R D—
r—/ (no-Ponzi games) &ff. &2 WIS (transversality condition) & b
BOZATHS, 9

EEMEDOREE
LU, ZOEETIIEESITIENIS WY, FI T, ZHNUZET. BEEMZ 5, #l
Z 3 Hakkio-Rush (1991 Tid. EEFIFE () BEFNTHIEFEEL T, KDL
B2 S ‘
E,.=G, +(r,?r)B, (9-8)
ZERT D, -
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Zo&E, 9D K

E.+ (1+p B.=T+B, (9-9)
ERB, INMs,
B,,=(T,—E)/ (1+1v +B/ (1+1 (9-10)

A5, INE, ZHTIAERAULS ICamaE s, #flzidB, Bun Butib,
ZL TIN5 ZIER. BIRAT S &,
B=(Ty1— Eg)/ (14+1)+ (Tyy—Eqyp) /(141)% + B/ (141)? (9-11)
2%, #ZT. ZhE (9100 RITRAL. BEITSE, (9-10) Rid
Bui=(T,—E)/ (141) +(Ty;—Eyp) /(1+1)2
+(Tyo—Ewne /(1+1) 3+ B (1+1)3 (9-12)
Liss,
PDEo7otzz, EBEEE TEROERIE
Brl=§]1H—Emya+nm+£g&ﬂmuwr“ (9-13)

s=0
%25, UL, 9-5) RIZHETIHDTH S, TNh5E, BMBERNFFRIETHD
=dIziE. AMERS OREMENERLTE OIS 2 2R LT dR s s, 7
RHbH,

limB,,, /(1+7r) " =0 (9-14)

ThHD, ZHud. DNMEIFIFRUEOAE—RTHEALRBWI EE2FKFELTEILEE
BT %, 20X, BUFIXSk. AMERRBICELW T SAIY—Y—T S5 A& IR
Tz sizn, £EAER. EENTREBZIDEWTERIEAL TS ZLDTE
20,

INshs, BERER DD WIHBOREORHFRAIREIEICDNT, 2 DOMTER/RERD
Z56N%, —DiF. BEOANEOMEIZFRDO T FAIU—P—TI5ADAFHIZEL 2
FuEa s, 2L THI—2iF. NMEOREMEIL. ERECBNTEORARSRT
sz, TH S, ‘

Z T, B EBEOBFRH (@) RN (D oEHRZERICEEL T,

G, =G,+r.,B, (9-15)
EBHIE, 91 XK.

G)~T,=G,+r,By—T,

' =B, B, (9-16)
x5, ZiUT. 01D KBXY (9-12) XERATHI,

G/,-T,= (AT — AE )/A+1)+(AT (;— AE 14p) [(1+1)?

+(AT 4o— AE p) /(1413 + AB o/(1+1)® (9-17)

BZ5, ZIEL. AX=X X, ThHb,
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ZORfRZE—RILL TRT &,
A
_ __ZA];+S — T+s lim BH-A:H
= A+ s> (14 7)*
BA%, ZOEE, ETHE (919 ADBHILILTWBRESIE. (9-18) ROETOE 2
EM%D&&D\%&mﬁﬁﬂ%ﬁ%#%ﬁtﬁzttﬁ%o:@iimﬁﬁﬁ6\~ﬂ

lo
—

(9-18)

Te= a+B8G .+~ | | (9-19)
DEI2ERREHEL (7L, vIIBEEETHS), BFZHEBNOBICESR T
TEELUBEBRIEET AN EINORINR A SND, 9

b & PB OERIRS{R

BRI, FrtrlRett & NVMERE - ERFEBLEOREEDOBEREATBEIS. 20k
RRERNS DA, A McCallum (1984) LIEORERFETIICE > T D@y
bOEVZLS,

TIT. BINOTERK R GDP L TRYT, 2595 &,

B/Y,= (1+ry B /A+y )Y + G/Y.? R/Y, (9-20)
BAB. IZIZL. Y, = (I+y )Y o1 THB. bLBEORERIMITERE FESE, (1
Try) M+y) < 1TH5. #>T. OISR TIINE - BEFERZRIT. 51
RU=HP=T5Z2 (G ? RJY, <0 BEUBNEETHEFTITENEDNS S, L
L. BURRENHTFRUTTH D EEL. TS5V —P—TF 5207233, M -
ERFTELERIT, BORBEAT S LI, FlRlE b ULABOEMENFFRIT
ThH>TH, FIEOEMEL EEIUL, 2ME - FTELROMKOAREEITHIR T 2
5TH 5,

Bohn(1998)i3. Z DX S72EA0 5. NMEEEOX GDP e (b) E751<U—NT
S ADX GDP b (x ) OMHEBIBIRERAEL L-BREHREIBR L. )T hbb,

x,=a+Bb,+7 (9-21)
DESIBHEEREHE ST, B > 0 EVNSFETEREERZEEZLTVUEAESHT. B
ELESETHHDOTH S, | |

ET (913) XEeBHELALLFAUFERET. EEATFRIIr TEENTHS EEEL.
K —EOEERFRERZEET DL, TEENIT
Za+wnrwmh;emhmmmﬂ+wHwﬁl (9-22)

s=0
Li2%, ZZT by =B/N,.e,=E/N,. 0= R/, Tdh3,
WoTior >y DEE, [MEOHWRITEIEDEMNTDDITIE. VIR —&E%
BATDZENREITRD, TDE, BEEEN
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limb,, (1+y/1+7)""'=0 (9-23)

TH>T. IME - GDP HEBEOEM=EA(+y/1+ 1) 7 DT TRTFNUIR S0,
FEHIK (9-22) K&, IR I—FLMH (9-23) L&D,
b =Y A+y/1+7) " [p,, —€..] (9-24)

s=0
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Abstract

In this short article, we investigate the effects of public policies on the market
equilibrium resource allocation in an economy that is affected by two sources of market
failure; (i) positive technological externalities, and (i) indebted firms' incentive to
default. The Priority Production System employed by the Japanese government during
the reconstruction period after World War II could achieve the first-best outcome in
such an environment.
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1. Introduction

During the reconstruction period after World War II, the Japanese government
employed the Priority Production System that was aimed to help the recovery of such
key industries as coal, electricity, iron and steel. The recovery of these industries was
thought to be a base for rebuilding the economy that had lost 1/4 of the national asset
during the war (Nakamura (1995)). The Japanese real GDP in 1946 was only 55% of the
1936 level (Kousai (1981)).

The Priority Production System had two key components; (i) subsidizing the
production costs of the target industries, and (ii) directly providing public fund through
the Reconstruction Finance Bank that was owned by the Japanese government
(Noguchi (1986)). In this short paper, we would like to show that the combination of
these two policies together can achieve the first-best resource allocation in an imperfect

economy where production technologies exhibit positive externalities and indebted
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firms have incentive to default. In other words, either one of these two policies alone can
not achieve the first-best outcome in such an environment. When there are two
independent sources of market failure, government needs at least two policy tools to
correct them.

An intuitive explanation for this observation is given as follows. The firms' investment
level tends to be smaller than the first-best level when there are positive technological
externalities. Then, a public subsidy aimed to induce the firms to invest more does not
change indebted firms' incentive to default because they need to borrow more.
Anticipating the firms' incentive to default, the creditors will not extend credit to the
firms beyond the level that triggers default. Therefore, the government needs to
subsidize not only the firms but also the creditors so as to induce the firms to invest
more by internalizing the technological externalities, and to induce the creditors to lend
more by shifting the default risk from the creditors to the government. The Priority
Production System works as subsidy to both firms and creditors because the
govei'nment is able to shift the default risk from private creditors to the nationally-
owned Reconstruction Finance Bank.!

The remainder of the paper is organized as follows. In Section 2, we present a model
economy that will be used to analyze the resource allocation under market imperfection
and the effects of economic policies. In that section, we compare the first-best resource
allocation with the market equilibrium without default risk and the market equilibrium
with default risk. In Section 3, we analyze four types of economic policies; (i) subsidizing
firms, (ii) subsidizing creditors, (iii) subsidizing both firms and creditors, and (iv)

subsidizing firms and directly providing public fund to firms (the Priority Production

! There are extensive researches on the resource allocation in credit-constrained
economies. See Chapter 6 of Obstfeld and Rogoff (1996), and Bernanke, Gertler, and
Gilchrist (1999) for surveys of the literature. These researches also look at the
implication of empirical monetary policies on the resource allocation in credit-
constrained economies. There are not many researches, however, that look at the
implication of normative fiscal policies in economies with default risk and technological
external effect.
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System). Through the analysis, it will be shown that (iii) and (iv) achieve the first-best
outcome, and the Priority Production System (iv) is able to provide the same incentive
structure to firms and creditors as the subsidy to both firms and creditors policy (iid)

does. Section 4 concludes.

Section 2. Model

In this section we present a model economy in which production technologies exhibit
positive externalities and indebted firms have incentive to default. Then, we describe
the first-best resource allocation, the market equilibrium resource allocation without
default risk, and the market equilibrium resource allocation with default risk.

In the model, there are many price-taking firms and creditors. There are two time
periods. In the first period, the creditors plan disposition of their endowment. There are
two investment opportunities available to the creditors; G) a "storage technology", and
(ii) lending to the firms. The storage technology transforms one unit of endowment into
R units of the second period output. The creditors, hence, demand at least the interest
rate R on the lending to the firms. In the second period, the firms choose investment
K and produces output Y( K ). The production function Y(XK ) exhibits an positive
externality

Y(K)=K*(K)?, (2.1)
where 0< ¢ <1,0< B3 <1, and K is the average investment. If the firms choose to
default, the creditors are able to confiscate 71x100% of the firms' output, where 0 < 17 <
1. Denote the firms' non-default payoff as Il = Y(K) — RK and the default payoff
as [T, =(1 - N)Y(K). The firms default if I, < II,. Otherwise, they do not

default. This decision rule is summarized as

v 2 RE — non — default (2.2)
1 < default ' A ’

In (2.2), Y is the cost of default, and R K is the cost of non-default to the firms.

Suppose the creditors lend D to the firms in the first period. If the firms do not default,

—291—



% 7E Internalizing Technological Externality under Default Risk

the creditors' payoff is [([RD)/R] — D. If the firms default, it is [(nY )/R] - D.In a

market equﬂibﬁum, D = K = K holds. The firms and the creditors share the same

belief about the average investment X in the equilibrium.
2-1. The First-Best Resource Allocation

The first-best resource allocation in this economy is a solution to the following problem.

Max K“" —RK . (2.3)
Assume 0< o + f <1 so that the social optimum exists. It can be shown that the
investment and the firms' payoff in the first-best resource allocation are

K=[(a+B)/RY, (2.4)

M=(K)*? —RK=[(a+B)/RT[(1/c+B))-1]R (2.5)
where y=1[1-(x + ﬁ)].

2-2. Market Equilibrium without Default Risk

In this subsection, we describe the market equilibrium without default risk so as to
separate the effects of the two sources of market failure on resource allocation. Assume
that the firms always honor the debt contract. Then the investment is a solution to the
following problem.

ZMKax Y -RK (2.6)

subject to (2.1), given{ R, K }. The solution to this problem is

K =[a(K)’ /R]"™ 2.7
By substituting the equilibrium condition K = K" into (2.7), it can be shown that the
investment and the firms' payoff in the market equilibrium without default risk are
=(a/R) (2.8

II, =(K,)*? —~RK. =(at/R)' [(1/at) =1]R (2.9)
where 7 is the same as before, and the subscript "e"s in (2.8) and (2.9) imply the "value
in equilibrium". |
2-3. Market Equilibrium with Default Risk

Given the belief about the average investment X, suppose the creditors lend D =

K = [a(K)?/RT'"™® of (2.7) to the firms. The difference between the non-default
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payoff and the default payoff for the firms is shown to be |

I, -, =K R[(n/o)-1]. (2.10)
Since we are interested in an economy where the two sources of market failure are
operational, we assume 7] < « in the following. In this case, if the creditors lend D =
K’ to the firms, the firms choose to default because II, < IT,. By (2.1) and (2.2),
given K , the investment level which makes the firms indifferent between non-default
and default ( IT, = IT, ) is shown to be

K=[n(K)’ /R (2.11)

~

If the creditors lend more than K, the firms default, and the creditors' payoff
[(nY)R] - D becomes negative. Anticipating the firms' incentive to default, the
creditors will not lend more than K . This situation is depicted in Figure 1. In the figure,
the ex-ante optimal investment K for the firms equates the marginal return on
investment dY /dK to the interest rate R . By (2.2) the investment level K that v
leaves the firms indifferent between non-default and default is determined at the
intersection of 1Y and R K. On the horizontal axis, for K €lo0, K 1, the firms do not

default because 1Y 2 RK.For K e(X , ©), the firms default because nY < RK.

(Insert Figure 1.)

By substituting K = K into (2.11), the investment and the firms' payoff in the

market equilibrium with default risk are

K, =(n/R) (2.12)
I, =(K,)** —RK,=(n/R) [(1/n)-1]R (2.13)

By (2.4), (2.8), and (2.12), it can be shown that

K.<K <K. (2.14)
By (2.5), (2.9), and (2.13), it can be shown as well that

I, < I < I. | (2.15)
(2.15) is proved as follows. At 8 =0, ﬁ/H: = 1. In addition, a(fl/nj)/aﬁ > 0.
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Therefore, fI/I'I: >1if B > 0. Similarly, by using o = n + &, it can be shown that

I

H:/ﬁe =lat £ =0, and a(nj/ﬁe)/as > 0. Therefore, H:/ﬁe >1if o > 7.

The equilibrium social welfare in this economy is equal to the firms' payoff because the
creditors' payoff is always zero. (2.15) implies that the equilibrium social welfare
without default risk is smaller than the first-best level due to the technological
externality. In addition, when o > 7, the‘ equilibrium social welfare is even smaller

because the firms' incentive to default is operational.

3. Economic Policies
In this section, we analyze the effects of economic policies on the market equilibrium
resource allocation with default risk. We consider four policies; (1) subsidizing firms, (ii)
subsidizing creditors, (iii) subsidizing both firms and creditors, and (iv) subsidizing
firms and directly providing public fund to firms. We are interested in if these policies
are able to achieve the first-best resource allocation by providing appropriate incentive
to firms and creditors.
3-1. Subsidizing Firms
In this policy, the government subsidizes the firms' investment cost. The subsidy is
financed by imposing lump-sum tax on the firms. If the firms do not default, their payoff
is

O,=Y-(R-G,)K-T, (3.1
and if the firms default, their payoff becomes

O,=1-mY+G,K-T . v (3.2
In 3.1 and (3.2, G + 1s the subsidy rate, and 7 is the lump-sum tax. The
government's budget constraint is

G, K=T . | (3.3)

Consider the following problem;

]V{{ax I1, subject to (2.1), given{ K, R, G,, T 5. (3.4

The solution to this problem is
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K=[a(K)’(R-G,)]". (8.5)

" By substituting the equilibrium condition K = K, (3.5) becomes
K=[a/(R-G,)T . (3.6)

This K of (3.6) is equal to the first-best investment K of (2.4) when the government
set the subsidy rate at

G,=RB/(a+ ). (3.7
Suppose the government announces { G,, T } where G, is given by (8.7, and T is

given by

Tsz[%___( Rp )(a+ﬁ)}l=ﬁ(u)}l—1. (3.8

o+ p R R
The firms and the creditors take { K, R, G o T } as given. If the creditors lend the

ex-ante optimal D = K of (3.5), the firms choose to default because, by (3.1) and (3.2),

HN—HD=nY—RK=K[R(ﬂ—1)—QGf]<0. (3.9
o (04

Anticipating the firms' incentive to default, the creditors will not lend any more than
K of (2.11) that leaves the firms indifferent between default and non-default. When the
incentive to default is operational, the subsidy which induces the firms to borrow and
invest more does not change the firms' incentive to default. Therefore, this policy can
not achieve the first-best resource allocation. This situation is depicted by Figure 2. In
the figure, the ex-ante optimal investment K of (3.5) equates the marginal return on
investment d¥ /dK to the subsidized cost of investment R — G, . Because this
investment level is larger than K of (2.7), the subsidy to the firms does not change the
firms' incentive to default. The market equilibrium resource allocation under this policy
is the same as before. The equilibrium investment is X, of (2.8), and the social welfare

is TI, of (2.9).

(Insert Figure 2.)
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3-2. Subsidizing Creditors
When the creditors lend no more than the amount that leaves the firms indifferent
between default and non-default, the government may be able to induce the creditors to
lend more by subsidizing the default-loss. Assume that the subsidy is financed by
imposing lump-sum tax on the firms. In this policy, the firms' non-default payoff is
M,=Y-RK, | (3.10)
and the firms' default payoff is
M,=(1-n)Y-T ' (3.11)
where 7' is the lump-sum tax. On the other hand, the creditors' non-default payoff is
[(RD)/R]-D, (3.12)
and the creditors' default payoff is
[((MY+G,D)/R]-D (3.13)
where G, is the subsidy rate to the creditors. When the firms default, the following
budget constraint applies to the government.
G, D=T (3. lgl)
Consider the following problem;

]\/{{ax 1, subject to (2.1), given{ K, R, G,, T }. (3.15)

The solution to this problem is the same as 2.7 K = [« (K)PIRT™, and it

becomes (2.8) K. = (&/R)” in equilibrium where K = K" holds. The government

set the subsidy rate G, so as to induce the creditors to lend D = K. to the firms.
Because the creditors' default payoff is zero at such G, , the creditors will lend

D=[n(K) /(R-G. )] , (3.16)
given { K, R, G, }. By equating (3.16) and (2.8), and by using the equilibrium
condition K = D, the subsidy rate is shown to be

G.=R(1-n/a) . (3.17)
Suppose the government announces { G,, T } where G, is given by (3.17), and 7 is
given by

T=G K.=R(1-n/a)(e/R) =(a-n)(a/n)". (3.18)
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In the market equilibrium under this policy, the creditors lend D = K: to the firms,
and the firms do not default because, by (3.10) and (3.11),
I‘IN’—HD =nY+T-RK

=n(K,)*"+G K, -RK;

= K. [n(R/a)+R(1-n/a)-R]=0. (3.19)
In the first line of (3.19), Y + T is the cost of default and RK is the cost of non-
default for the firms. This policy is able to induce the creditors to lend more because it
affects the firms' incentive to default by increasing the cost of default from 1Y to nY
+ T . This situation is depicted in Figure 3. The figure shows that the policy expands
thé range of investment such that the firms choose not to default from X € [0, K Ito
Kelo, K'1. |

(Insert Figure 3.)

The market equilibrium resource allocation under this policy is the same as that
without default risk. The equilibrium investment is K. of (2.8), and the social welfare
is HZ of (2.9). Although the policy is able improve the resource allocation, the outcome
is still inferior to the first-best because the policy does not internalize the production
externality.

3-3. Subsidizing both Firms and Creditors

So far, we saw in Section 3-1 that the subsidy to the firms induces them ex-ante to
choose the first-best investment level, but fails ex-post to induce them not to default. We
saw as well in Section 3-2 that the subsidy to the creditors induces them to lend more by
affecting the firms' incentive to default, but fails to induce the firms to choqse the first-
best investment level. Then, it is natural to combine these two policies because the
policies together may be able to induce the firms to choose the first-best investment and
not to default so that the creditors will lend enough to achieve the first-best resource

allocation.
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In this policy, the firms' non-default payoff is

M,=Y-RK+G,K-T,, (3.20)
and the firms' default payoff is

Hy=(1-1)Y+G,K-T,. (3.21)
In (3.20) and (3.21), 7, and T, are the semi-lump-sum taxes in a sense that they are
not continuous functions of the firms' action, but dependent on the firms' discrete choice
{non-default, default}. The creditors' non-default payoff is

[(RD)/R]-D | (3.22)
and the creditors' default payoff is

[(MY+G,D)/R]-D (3.23)
Finally, the government's non-default budget constraint is

G, K=T,, (3.24)
and the government's default budget constraint is

G,K+G,D=T, . ~ (3.25)

The firms' incentive to non-default or default is described by ‘

2 non — default
I, -1I1, 0 — . (3.26)
< } default

By (3.20) and (3.21), (3.26) is rewritten as

non — default
default .

>

nY+TD{<}RK+TN (3.27)

The left-hand side of (3.27) is the firms' cost of default, and the right-hand side is the

cost of non-default. Consider the following problem.

Max T, =Y-RK+G,K T, (3.28)
subject to (2.1), given { K, R, G,, T, v Ip }. The solution to this problem is the same
as 3.5) K=[a(K)/(R-G,)]"", and it becomes (3.6) K =[a/(R~G,)] in

equilibrium where K = K holds. As we saw in Section 3-2, the government can induce

the firms ex-ante to choose the first-best investment K of (2.4) by setting the subsidy
rateat G, = Rf/(oc+ ) of (3.7). On the other hand, the government will set the
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subsidy rate G, to the creditors so as to induce them to lend D = K . Because the

creditors' default payoff is zero at such G, , the creditors will lend
D=[n(K)" (R-G )" : (3.29)
given { K, R, G, }. By equating (2.4) and (3.29), and by using the equilibrium

condition KX = D, the subsidy rate is shown to be

G,=R[1-n/(a+B)]. (3.30)
Suppose the government announces { Gf, G., I,, T, }, where Gf is given by (3.7),
G, is given by (3.30), T,, is given by (3.8), and T, is given by

1,=G,K+G,D

| RB . a+pB Y
—l:a+ﬁ+R{l oc+BH( R ) (3.31)

In the market equilibrium, this policy achieves the first-best resource allocation because

the creditors lend D = K to the firms, and firms do not default because, by (2.4), (3.8),
and (3.31), |
I, -1, = (77Y+TD)4(RK+TN)

_Rlnl £ |- =
_K[n(owﬁ) R+R(1 oc+,8ﬂ 0. (3.32)

This situation is depicted in Figure 4. The figure shows that the government induces

the firms ex-ante to choose the first-best investment K by the subsidy rate G - The

figure also shows that the government induces the firms ex-post not to default by

equating the cost of non-default RX + 7, and the cost of default nY + 7, at K =

A

K.
(Insert Figure 4.)

3-4. Subsidizing Firms and Directly Providing Public Fund to Firms
As we stated in Section 1, the Priority Production System employed by the Japanese
government during the economic recovery after WWII had two major components;

subsidizing the production cost of the target firms, and directly providing public fund to
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the firms through a nationally-owned bank. In this section, we show these two policy
measures togefhér achieve the first-best resource allocation because they can provide
the same incentive structure to the firms and the creditors as the policy in Section 3-3
(subsidizing both firms and creditors) does.

The policy in this section is described as follows. In the first period, the government
borrows D, from the creditors at the interest rate R. The government lends D, to
the firms at the interest rate R. In the second period, the govérnment subsidize the
firms' investment cost at the subsidy rate G +. The firms invest K and produce output
Y . If the firms choose not to default, the firms repay R D, to the government, and the
government repays R D, to the creditors. On the other hand, if the firms choose to
default, the government confiscates 1)x100% of the firms' output Y and repays RD,
to the creditors. The government also imposes lump-sum tax on the firms to balance its
budget constraint if necessary. In this policy, the firms' non-default payoff is

IIy=Y-RK+G,K-T,, (3.33)
and the firms' default payoff is

O,=(1-mY+G,K-T, (3.34)
where T, and T}, are the lump-sum taxes. On the other hand, regardless of the firms'
action {non-default, default}, the creditors' payoff is always equal to

[(RD,)/R]-D,, | : (3.35)
because the default risk is absorbed by the government. The government's non-default
budget constraint is

RD,+G,K=Ty+RD,, , (3.36)
and the government's default budget constraint is

RD,+G,K=T,+nY . ' (3.37)
In (3.36) and (3.37), the left-hand side is the government's expenditure, and the right-
hand side is the revenue.

Suppose the government borrows D, = K of (2.4) from the creditors, lends Dg =K

c

to the firms, and subsidizes the firms' investment cost at the subsidy rate Gf =
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RB/(cc+B) of (38.7). The government sets the lump-sum taxes T, and T, so as to
satisfy the budget constraints (3.36) and (3.37) as follows. By (3.36),
Iy=RD,+G;K-RD,
=K(R+G,-R)=B[(a+B)/ R (3.38)
which is equal to (3.8), and by (3.37),
T,=RD,+G,K-nY =RK+G,K-n(K)***

| RB n a+B Y
—|:oc+ﬁ+R(1—a+,B):|[ = ] | (3.39)

which is equal to (3.31). Then the firms invest K , and choose not to default because
I, - M, =(nY + T,)—(RK + T, ) becomes zero as (3.32) of Section 3-3 showed.

Because the policy variables { Gf, T,, T, } are the same as those of Section 3-3,

Figure 4, which depicts the effects of subsidy to firms and creditors, also applies to the
policy of this subsection. Therefore, the combination of the subsidy to firms and the
direct provision of public fund achieves the first-best resource allocation by providing
the same incentive structure to the firms and the creditors as the policy in Section 3-3

does.

4. Conclusion

In this paper, we analyzed the effects of public policies on market equilibrium resource
allocation in an economy with two sources of market failure; (i) positive externalities in
production technologies, and (ii) indebted firms' incentive to default. We saw that a
combination of subsidy to firms and subsidy to creditors can achieve the first-best
resource allocation by providing an appropriate incentive structure to the firms and the
creditors. Either one of these two policy measures alone can not achieve the first-best
outcome. When there are two independent sources of market failure, the government
needs at least two policy tools to correct the market failure. We saw as well that a
combination of subsidy to firms and direct provision of public fund to firms, which is

regarded as the Priority Production System employed by the Japanese government
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during the reconstruction period after WWII, also achieves the first-best outcome
because such a policy is able to provide the same incentive structure as a combination of
subsidy to firms and subsidy to creditors does.

External effects play important roles in the recent developments in economic theories
such as growth, environment, and public policy analysis. In this paper, we assumed that
there is a positive technological external effect, and the social production function
exhibits a decreasing returns to scale, ie., & + f < 1in (2.1), so that the socially
optimal first-best resource allocation exists. On the other hand, it is known in
endogenous growth models that an increasing returns to scale in social production
function can be a main engine of growth in competitive economies with positive
technological externalities. In these models, the existence of a social optimum is assured
by imposing restrictions on parameters so that the social welfare is bounded at the
first-best resource allocation. (See Romer (1986), and Lucas (1988).) We may extend our
model to investigate the effects of economic policies in endogenously growing economies
where the technologies exhibit positive externalities, the social production function
exhibits an increasing returns to scale, and indebted firms have incentive to default.’
Because the market equilibrium investment level is known to be smaller than the
socially optimal level in endogenous growth models with positive technological
externalities, we expect to see the same problems arise when indebted firms have
incentive to default. That is, subsidy to firms alone can not achieve the first-best
resource allocation. The government needs more than two policy tools for correcting the

market failure.

2 See Zagler and Diirnecker (2003) for the survey of the economic policy analysis in
endogenous growth models.
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Abstract

Many industrialized countries experience accelerating aging process and expansion of
service sector's share in GDP. If older people prefer services to manufactured goods, the
current demographic change will enhance the expansion of service sector. As a result,
the GDP may grow slower because the productivity of service sector grows slower than
manufacturing sector. ' '

In general equilibrium model analysis, it will be shown that, while aggregate
variables grow slower, per-capita welfare may improve due to capital-deepening in
aging economies. It will be shown as well that these outcomes depend on the parameter
values which characterize technologies and preferences.

JEL Classification: J11, .16, 041

Keywords: Economic Growth, Demographic Structure, Industrial Structure

1. Introduction

Many industrialized countries experience increasing old-to-young population ratio due
to prolonged life span and lower birth rate. Because of this, how to design a sustainable
social security system becomes one of the biggest issues in>public economics. However,
there is another concern from the view point of economic growth theory with respect to
the accelerating aging process. Many industrialized countries also experience
expanding share of service sector in GDP (Petty-Clark's Law). If older people prefer
services to manufactured goods, in comparison with younger people, then the increasing

old-to-young population ratio may enhance the expansion of service sector relative to
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manufacturing sector.!

Because the growth rate of labor productivity in service sector tends to be lower than
manufacturing sector, the expansion of the service sector's share in GDP relative to
manufacturing sector may have negative effects on the aggregate performance of
economy. In addition, the diminishing share of manufacturing sector may also affect
physical capital investment, and hence, per-capita welfare level of economy. The main
objective of this research is to investigate the effects of demographic change on economic
growth and welfare level through the analysis of two-sector overlapping generations
mbdels that possess the properties with respect to technologies and preferences
described above. In the model, there are two sectors; a-sector (manufacturing) and b-
sector (service). We would like to capture the properties of manufacturing sector and
service sector by imposing the following assumptions on the technologies of a-sector and
b-sector; (i) the TFP growth rate of a-sector is higher than b-sector, (i) the capital
intensity of a-sector is higher than b-sector, and (iii) a-sector produces consumption
goods and investment goods, while b-sector produces only consumption goods? Each
individual in the model lives two periods. In the first period of life, the individual
prefers a-type goods (manufactured goods) to b-type goods (services). In the second
period, the individual's preference changes. She/he prefers b-type goods to ‘a-type

goods.?

! For the data on demographic structure among industrialized countries, see UN World
Population Prospects (2001), and the reports by the National Institute of Population
and Social Security Research in Japan (2001).

% For the research in sectoral labor-productivity among industrialized countries, see
Baily and Gordon (1988), Hornstein and Krusell (1996), J orgenson and Stiroh (2000),
Scarpetta, Bassanini, Pilat, and Schreyer.(2000), Guellee and dela Potlerie (2001), and
the report by Japan Productivity Center for Socio-Economic Development (2001).

3 There is an extensive research in age-specific spending pattern, motivated by the
issues related to public pension indexation. See Boskin and Hurd (1985), Denton and
Spencer (2000), and Japan Households Survey (2001) by the Statistics Bureau of the
Ministry of Management and Coordination. There are common properties with respect
to older people's spending pattern among these researches. Compared to younger people,
older people tend to eat at home, spend less on durable goods, and spend more on home
and health related services. Although there is no clear evidence that the share of

—324—



% 9F The Effects of Demographic Structure on the Economic Growth in Aging Societies

- We solve the model for general equilibrium under different scenarios with respect to
demographic structure. The main findings are summarized as follows. The increasing
old-to-young population ratio, in general, causes capital and labor shift manufacturing
sector to service sector. As a result, the share of service sector in GDP increases, and the
growth rates of aggregate variables decrease because of the lower TFP growth rate of
service sector relative to manufacturing sector. On the other hand, the growth rates of
per-capita variables increase, and the welfare level of each successive generation
improves because of capital-deepening generated by the demographic change and the
TFP growth.

The degree of deterioration in aggregate performance, and the degree of improvement
in per-capita performance depend on the parameter values of the model. Through the
numerical simulation analysis, we found four major forces that affect the general
equilibrium resource allocation. First, a faster inci"ease in the old-to-young population
ratio causes a faster shift of capital and labor from manufacturing sector to service
sector. Second, if the elasticity of substitution between manufactured goods and services
is large, capital and labor may shift from service sector to manufacturing sector because
of the faster productivity growth of the latter. In this case, thé quantitative expansion in
either manufactured goods or services is more important than a balanced expansion
between the two because they are close substitutes in the households' preference. On
the other hand, if the elasticity of substitution is small, then capital and labor may shift
from manufacturing sector to service sector to offset the slower productivity growth of
the latter. Third, if the intertemporal elasticity of substitution between young
consumption and old consumption in each individual's lifetime utility function is large,

_ capital and labor may shift from service sector to manufacturing sector so as to induce

expenditure on services in the total expenditure gets larger as one gets older, mainly
because younger people spend more than older people on food away from home (served
at restaurants), there are some service items on which one spends more as she/he gets
older; service charges for home repairs and maintenance, domestic services, services
related to clothing, medical services, public transportation, recreational services, and
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faster quantitative expansion. On the other hand, if the intertemporal elasticity of
substitution is small, capital and labor may shift from manufacturing sector to éervice
' sector because the balanced expansion between young consumption and old
consumption (consumption smoothing) is more important than mere quantitative
expansion. Finally, when the ratio of wage to interest rate increases due to the increase
in capital-labor ratio, capital and labor are reallocated between the two sectors. If the
factor substitutability in manufacturing sector is more eiastic than service sector,
capital may shiff from service sector to ménufacturing sector, while the labor may shift
the opposite direction.

There are several papers related to our research. Baumol (1967) looks at the
implication of unbalanced sectoral growth on macroeconomic’ resource allocation,
although the center of analysis is focused on the supply side. Echevarria (1997), Laitner
(2000), Kongsamut, Rebelo, and Xie (2001), and Greenwood and Seshadri (2002)
analyze general equilibrium models of economic growth and industrial structure. In
these papers, non-homothetic utility function is the key determinant of industrial
structure because the demands for different types of goods change with income level.
Demographic structure is also endogenous in Greenwood and Seshadri.

The structure of this paper is organized as follows. In Section 2, we describe the
structure of two-sector overlapping generations model, and solve the model for general
equilibrium. In Section 3, as an expositional purpose, we analyze the simplified model of
Section 2. In the analysis, we prove the existence, uniqueness, and global stability of a
balanced growth path. Then the model is numerically simulated to demonstrate the
effects of demographic change on the general equilibrium. In Section 4, we simulate the
general model of Section 2 to investigate the effects of changes in parameter values on
the general equilibrium. In Section 5, we summarize the research, and present

remaining issues.

personal care services. (See Japan Households Survey (2001).)
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2. Model

In this section, I describe the structure of two-sector overlapping generations model,
and solve the model for a general equilibrium.
2.1 Model

In the model, the passage of time is discrete, indexed by t =0, 1, 2, ... . At the beginning
of each period t, N(t) identical individuals are born. Each individual lives two periods.
In the first period, the individual as a "young" supplies one unit labor (inelastic labor
supply), consumes two types of goods, a-type and b-type, and saves for the second period
consumption. The first period budget constraint is expressed as

2.1 O+ p@)cyt)+s(t+1) =w(?) .

ctlx (¢) is the a-type consumption goods, consumed in the first period of life, in time t.
c}, (2) is the b-type consumption goods. p()is the price of the b-type consumption goods
(relative to atype goods). s(¢+1) is the saving, and w(t) is the wage income. In the
second period, the individual as an "old" retires from work, disposes the interest income
and principal for consumption. The second period budget constraint is expressed as
2.2 At + plr+ D)2t +1) = (14 r(t+1) =& ) st +1) .

cj (z+1) is the a-type consumption goods, consumed in the second period of life, in time
t+1. c;(t+1) is the b-type consumption goods, r(t+1) is the interest rate, & is the
capital stock depreciation rate. The individual plans consumption and saving { ci (1),
(), c;(t+1), cj(t+1), s(t+1) }, given the prices { p(r), p(t+1), w(P),
r(t+1) }, to maximize lifetime utility subject to (2.1) and (2.2). The lifetime utility
function is defined as follows.

@3 U(C'(), C2(t+1))=LCOI” =1 S[C7(+D]™ -1
l-o -0

5

where
@9 CO={&l,OI +(1-¢)[cO)] ™}
@5 Ct+D)={g[c;+D]™ +(1-&) [}t + D]} .
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1/0 = 0 is the elasticity of intertemporal substitution between C '(¢#) and C*(z+ D),
and & € (0, 1) is the subjective discount factor on the second period utility. &, € [0, 1]
is the preference weight on c. () relativé to c,(t), 1/ p; = 0 is the elasticity of
substitution between c,(¢) and c;(z). €, and 1/ p, are understood likewise.

The production side of the economy is described as follows. Given the prices { w(?),
r(t) }, asector employs capital K, (¢) and labor N, () to produce a-type goods by a
linear-homogenous technology. The profit of a-sector is

(2.6) II,=Y,() - r(®)K,(t) — w(t)N (9

where

2.7 Y,@O=4A0[a(K (1)) +A-a)(N,)" TP, 0<a<l, n>0.

O is the weight on capital relative to labor in a-sector, 1/7 is the elasticity of
sﬁbs’titution between capital and labor, and A(?) is the total-factor-productivity (TFP)
of a-sector. Likewise, given the prices { p(t), w(), r(¢) }, b-sector employs capital
K,(?) and labor N,(#) to produce b-type goods. The profit of b-sector is

2.8)  TIL,(1) = p(1) Y,(¢) - r(t) K, (1) = w(£) N, (¢)
- where

2.9 Y, ()=BOLBK,0))" +A=-B)(N, )7 ', 0<p<1, y20.

B. 1/, and B(¢) are understood likewise.

2.2 General Equilibrium

Given the sequence of TFPs and population { A(f), B(f), N ®;t=0,1,2, ...}, the
general equilibrium of this economy is defined as a set of resource allocation and prices
such that () the resource allocation maximizes the utility of each individual and the
profit of each sector given the prices, and (ii) the prices equate the demands and
supplies in every market. At each time t =0, 1, 2, ..., there are four markets. The capital
market clearing condition is given by

(.10 K, (O+K,()=N@t-1Ds@t)=K() ,
where K(f) is the aggregate supply of capital, and the labor market clearing condition

is given by
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(2.1D) N, (O+N,(H)=N() .
By introducing the capital allocation variable A(¢) € [0, 1], (2.10) is rewritten as
(2.100 K, ())=A@OK(#) and K,()=(1-A{)K(®) .
Similarly, by introducing the labor allocation variable t(7)<l0, 1], (2.11) is rewritten as
211 N,(O)=u()N@# and N,(t)=(1-u))N() . |

a-type goods are assumed to be used for consumption and investment. The a-type
goods market clearing condition is given by
(2.12) Y, (t)=N@c.@)+NE-Dc (@) +K@r+1)-(1 -EYK(),
and the b-type goods market clearing condition is given by
(2.13)  Y,(O)=N(@)c,() + Nt -1)c; () .

Define the capital-labor ratio by k(¢) = K(¢#)/N(¢), and population growth rate by
n(t) = (N(t+1)/N(?))-1. Given the initial capital labor ratio k(0), the general
equilibrium of this economy is summarized by the following system of nonlinear

difference equations with respect to { A(¢), w(?), p(), k(t+1);t=0,1,2, ..}

.14 (1—05) A0 k(F) ”= 1-8 Y (1= A1) k() y,t=0, Lo
o u(t) B - u()

2.15)  ADO[a(AD D) + A=) u(®)'™ "™ o (M) k(1)) ™
= pOBOLB((1-AD)) k@)™ + (1= B)(1-p(r)) 7 "7
XB(1=A) k(@) ,t=0,1,2, ...

2.16)  B(O[B((1= M) k()™ + (1= B)(1-pu(r)) 71"
= [/ +n@-1))]1[(1-&,) P’(1)/ p()]"* (Z*(t) P*(1))
+[(1-g)P'()/ p(O) 1" (Z'(H)/P' () ,t=0,1,2, ...

w(t) /(1+n(2))
+877 [(1=&+r(t+1)) P'(1)/ PPt + D]V’

(217 k(t+1) =1‘ t=0,1,2, ..

where
(2.18) Z‘(i) =w(t)/{1+8"° [(1-E+r(t+ 1)) P )/ P2t +D]T7} ,t=0,1,2, ...
(2.19)  Z*(0) = (1-&+7(0))(1+n(-1)) k(0)
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(2.20)  Z*(r) (A-8+r®)wi-1)

TI+67 (1 -E+r@®)) P (t-1)/ P (r)]° V"’ =123 -

22D P'(t)=[e]” + (1 —g)/? p(r) VP aled 4 =0 1 2, ...
2.22) P =[&)” +(1—-¢,)"? p(r)P /e JP/eD 4 =0 1,2, ...
(2.23)  w(t) = A [ (M) k()" + A=) u@ " 1P A-a)u@)™ ,t=0,1,2, ...
2249 @)= AD[(ADKD) ™ + (1—00) (&)™ T a (MO k()" £=0, 1, 2, ...
(2.14) is obtained by equating the ratio of the marginal product of capital and the
marginal product of labor of each sector to the factor price ratio. (2.15) implies the
equality of the marginal product of capital of a-sector and that of b-sector. (2.16) is the
b-type goods market clearing condition. (2.17) is the equality between saving and
investment that determines the next period's capital-labor ratio. (2.19) accounts for the
pre-determined conditions of the old individuals at t = 0.
2.3 Assumptions
In this model, we regard a-sector as manufacturing sector and b-sector as service
sector by imposing the following assumptions.
Assumption 1. At +1)/A(t) = B(t+1)/B(t) , t=0, 1, 2,
Assumption 2. o > f3
Assumption 1 implies that the TFP growth is faster in a-sector than b-sector.

Assumption 2 implies that a-sector is more capital intensive than b-sector.*

* One might be more careful about this statement. Define k,= (AK)/ ( MN)and k, =
[A=A)K1/[(1- u) N]. Then (2.14) is rewritten as [(1-a)/a] k;’ =l[(l -B)/ Bl k].
This implies that when o 2 f3, &, > k;’/'; Ifeither{y/n >1and k, >1}or{y/n <
land 0< k, <1} then k, > k, always holds because k] > k, in these cases.

Otherwise, k, > k, might arise because k" > k, . Therefore, depending on the
relative size of the elasticities of factor substitution 1/y and 1/ 1N, factor-intensity
reversal might arise. A special case is ¥ =7)=1 (Cobb-Douglas technologies). When

Y=n=1, @ 2 B implies k, > k, . We analyze this Cobb-Douglas technologies case in
Section 3, and deal with parameter values such that &, () > k,(¢t) forallt=0,1,2, ...,
in the simulation studies in Section 4.
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The preference for a-type goods (manufactured goods) and b-type goods (services)
changes as an individual gets older. We assume that an individual favors a-type goods

when young, and b-type goods when old. This is captured by the following assumption.

Assumption 3. g, = ¢,

3. Analysis ofa Simplified Model

Given the exogenous processes { A(f), B(f), N(f); t=0, 1, 2, ... } and the initial
capital-labor ratio %(0), the dynamical system { (2.14), (2.15), (2.16), (2.17) } is solved
for the equilibrium values of { A(¢), wu(?), p(t), k(z+1);t=0, 1,2, ...}. Since we are
interested in how changes in demographic structure, differences in sectoral TFP growth
rates, and other parameter values affect economic growth, industrial structure, and
welfare level, we will simulate the model under different scenario of our interest.
However, because of the complex interaction between technology and preference
parameters, it is difficult to understand the qualitative implication of the outcome.
Therefore, we look at a simplified version of the model in this section. First, we prove
the existence, uniqueness, and stability of a balanced growth path of the simplified
model in Section 3.1. Then we analyze the effects of changes in demographic structure
on the balanced growth path in Section 3.2. In Section 3.3, we numerically simulate the
model to analyze the transitional dynamics that is initiated by changes in demographic
structure.
3.1 Simplified Model

In the preference structure, assume ¢ = 1and &, = 0. That is, each individual
consumes only a-type goods when young, and only b-type goods when old. (See (2.4) and
(2.5).) In addition, assume ¢ =1and p, = p, =1 so that the lifetime utility function
becomes logarithmic form as follows.
(3.1)  U(c@®),ci(t+D))=Inc,(¢)+Slnc;(t+1)

In the technology structure, assume 1) = ¥ = 1 so that each sector uses Cobb-Douglas

production technology. (See (2.7) and (2.9).) In addition, assume 0= 8 < a < 1. That s,
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while a-sector (manufacturing sector) employs both capital and labor, b-sector (service
sector) employs only labor. Under these assumptions, (2.7) and (2.9) become

B.2) Y, ()=A@®)K(@®)* N, ()™

(.30 Y,(t)=B()N,(2) .

In this simplified model, given the exogenous processes { ‘A(t), B(?H), N();t=0,1,
2, ...+ and the initial capital-labor ratio k(0), the equilibrium dynamics is summarized

by the following system of two equations with respect to { u(7), k(t+1);t=0,1,2, ...}.
B4  (A-8Hp®" =[1-0a-un 14O k(@)

1
1+ n(?)

(3.5)  k(t+1) =( J( 155 )(l—a)A(t)[k(t)/ u®1*

where p(7) = N,(¢)/N(?) is the equilibrium share of labor allocation to a-sector, and
n(t) = (N(¢+1)/N(z)) - 1 is the population growth rate. The dynamical system { (3.4),
(3.5) } evolves as follows. At the initial time t = 0, given A(0) and £(0), (3.9)
determines the equilibrium labor allocation 1(0). Then, (3.5) updates the capital-labor
ratio for the next period k(1), and the process continues for each t = 1,23, ....0nce
the equilibrium sequence { u(?), k(t+1); t =0, 1, 2, ... } is determined, the other

- variables are determined as follows.

(3.6) wt)=(1-a) A [k@)/ u@® 1

B r@® =0 ADO[k@)/ u)1*"

(3.8 p(®)=[1+06)/81(1+n(t))k(t+1)/ B(¢)

(B.9 () =[1/1+8)]w()

(8.100  p+Dc;(t+)=8[1+r(t+1)=E]c (2)

At each t, given A(¢) and k(?), the right-hand side of (3.4) is a decreasing function of

M(?) . In addition, (1-a) A1) k(2)*" >0 when u(f) =0, and — o A()k()*" <0 when
4(2) = 1. On the other hand, the left-hand side of (3.4) is an increasing positive concave

function of L(?), and becomes zero when u(f) = 0. Therefore, (3.4) determines a

unique [(?) as a function of k(). Notice that u(z) e (0, 1-a ) for any k(t) > 0. (See

Figure 1.) Denote this functional relationship as (7) = M(k(2)). In the right-hand side
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of (3.5), it can be shown that [k(¢)/u(#)1* = [k(z) / M(k(¢)) ]* is a positive increasing
function of k(7). (The proof of this claim is given in the proof of Theorem 2.) Therefore,
the equilibrium path { w(?), k(r+1); t =0, 1, 2, ... } is unique for a given set of
exogenous processes { A(t), B(%), N (H);t=0, 1, 2, ... } and initial capital-labor ratio

k(0). We summarize these observations by the following theorem.

Theorem 1. For a given set of exogenous processes { A(z), B(f), N(#);t=0,1,2,..}
and initial capital-labor ratio k(0) > 0, the dynamical system {(3.4), (3.5)} has a unique
equilibrium path { u(#), k(z+1);t=0, 1, 2, ...} such that (?) € (0, 1-o¢) and k(¢) >

Oforallt=0,1,2,....
(Insert Figure 1.)

In addition, if the a-sector's TFP growth rate A(# +1)/ A(¢) and the population growth
rate N(f+1)/N(f) are constant, the equilibrium system is solved for a unique
balanced growth path on which ((f) becomes constant and £(?) grows at a constant
rate. Suppose g, = [4(t+1)/A(#)]-1 and n = [N(¢+1)/N(#)]-1 are constant. Since

(3.5) is rewritten as

kt+1) (1 ) B PR
(3.11) 0 _[l+n )(1+5 )(1 o) A k(D u™

A(t) k(1)*" must be constant on a balanced growth path. This implies
(3.12)  k(t+D)/k(t)=(1+g, )" .
Define the discounted capital-labor ratio k(f) by

(3.13) k(H=[(1+g)"" 1" k() .
| Then, .
(3.19  ANKD™ ={A0)(1+g,) }H{k(®O[(1+g,)" ]}

= A(0) k(£)*" .

By (3.14), (3.4) and (3.5) are rewritten as
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B (1-&) u)* =[1—a - u(®)] 40) k()™

' ~ _ 6 1“(1 o a-1 -7
(3.5) k(t+1>-(1+ = )( T ™ )[A(O)k(r) 1™ k() -

On a balanced growth path, u(7) = y, and /:t(z‘ +1) = lg(t)

]

les are constant. Then
(3.4) and (3.5)" are solved for 1, and I(Ats as follows.
B.15)  u, =1-0){1-A-E[6/A+8)1/[(1+n)(1+g, )" "]}

1/(1~a)
. 0 (1-o) A(0)
@10 &, —[[HS )[ A+n)(1+g, ) ye )J

These observations are summarized by the following theorem.

Theorem 2. If the a-sector's TFP growth rate g, = [A(z+1)/A({)]-1 and the
population growth rate n = [N(1+1)/N(7)]1-1 are constant, then there is a unique
balanced growth path such that the equilibrium labor allocation (?) = u, €0, 1-cx)
and the discounted capital-labor ratio [(1+g, )" ] k(z) = IQS are constant on the

path, where U, and /:ts are given by (3.15) and (3.16).

We see from (3.15) that u, is large when n, g,,and & are large, and when § is

small. In addition, it can be shown that

ou,  (1-8)38 1+In(l+g,)

(3.17) da  (L+n)(1+8) (1+g, )™

-1<0

if g, is positive and if n is not a large negative number because 1 + ln( I+g,)<1+
g, <+ g, )" These observations about U, is summarized by the following

Lemma 1.

+ + - -

Lemma 1. u(n, g,, &, 6, a)

The intuitive explanation of Lemma 1 is given as follows. U, is large when the
population growth rate » is large. Large »n implies the high young-to-old population

ratio. Because young people prefer a-type goods while old people prefer b-type goods,
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larger amount of resource is allocated to a-sector in an economy having larger n. U  is
large when the a-sector's TFP growth rate g, is large. U  is also large when the
capital depreciation rate & is large. Because a-type goods can be consumed and used

for investment, larger resource must be allocated to a-sector in order to compensate the

quicker capital depreciation. i is large when the old-utility discount factor J is small.

Because the old-utility is derived from consuming b-type goods, b-sector becomes less

important as 6 gets smaller. U is also large when the Cobb-Douglas coefficient on
capital in a-sector « is small. This is because the marginal product of labor in a-sector
gets larger as ¢ gets smaller. (See (3.6).).

In addition to Theorem 1 and Theorem 2, for any given k(0) > 0, the balanced growth

path is shown to be globally stable.

Theorem 3. The balanced growth path is globally stable, i.e., lim p(f) = g, and lim
100 [—oo

le(t) = lgs for any given £(0) >0.

This theorem is proved as follows. Notice that (3.4)' can be solved for a unique () as
a function of l’c\(t) . Denote this functional relationship as
(3.18)  w(t)=M(k()) .
Because A(¢)k(1)*" = A(0) lg(t)"‘_1 , Figure 1 implies

319 limM(k)=1-«, lim M(k)=0 , and by (3.4),
k—0 —oo

du _ —(-0)(1—a — ) A(0) k*>

(3200 M'(k)=— —
dk  [A=&ap™ +4(0)k*]

<0.

By substituting (3.18), (3.5)' becomes a first-order difference equation l;(t +1) =

F(k(f)) where

. S _ . .
G20 F(ko) )‘E( o )( (HS) : 10221((;?«1-@ )[km/M(km)]“ -

Then by (3.19), it can be shown that
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(3.22) linolF(ié) =0, limF(k)=oc, and
k— k—e

(3.23) F'(l€)=const.><|: 1o :I >0.

o
M(k)* }[ M)+ (l-a-M(k))

In addition, (3.19) and (3.23) imply

(3.24) limF'(k) =oo.

k—0

Since /gs is unique, (3.22), (3.23), and (3.24) imply
(3.25) 0< F'(k,) <1.

Therefore, the balanced growth path is unique and globally stable, i.e.,

(3.26) lim[(1+g,)""™ 1" k() = k, , Vk(0) >0. (See Figure 2.

(Insert Figure 2.)

From (3.6) ~ (3.10), the motion of other variables on the balanced growth path is
summarized as follows. If the b-sector's TFP growth rate g, = (B(¢t+1)/B(f)) - 1 is
constant, then b-type goods price p(7) growsat (1+g,)"""®/(1+g,) . The wage w(?)
and the young consumption c,(f) grow at the same growth rate of k(1),
(1+g,)"""® | while the interest rate 7(t) becomes constant. Then, by the Ramsey-
Euler equation (3.10), the old consumption c;(f) grows at 1+g, . Since the lifetime
utility (3.1) is logarithmic, it becomes a linear function of time t given by
B.27) U@ =tx{(1/(1-a))In(1+g, )+ In(1+ g,)}

+{In¢, +8Iné; +SIn(1+g,)}
where ¢, = [(1+g,)" "1 cl(r) and & = (1+ g,) " c;(¢) are constant on the
balanced growth path. By (3.2), Y,(¢) grows at (1+g, )" (1+n). By (3.3) and (3.8), |

Y,(t) grows at (1+g,)(1+n), and p(¢) Y,(¢) grows at (1+g, )" (1+n). Therefore,

GDP= Y,(t) + p(t) Y,(¢) also grows at (1+g,)"""® (1+n), and the share of b-sector
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in GDP becomes constant on the balanced growth path. In fact, it can be shown that

(3.28) p(t)&(r)/[mmp(r)Y,,m]=(1—us)/[1%;+l—us].

3.2. The Effects of a Change in Population Growth Rate on Balanced Growth Path

In this subsection, we keep assuming that the TFP growth rates, g, =(A(¢ +1)/ A(t))
-land g, =(B(t+1)/B(t)) — 1, and the population growth rate n=(N(z+1)/N(7))
-1 are cdnstant, and analyze the effect of a change in n on the balanced growth path.
This exercise is regarded as an analysis of economy shifting from one balanced growth
path to another in a long-run, or a cross-section analysis of economies having identical

structure except population growth rate’ By (3.15), an increase in the population

growth rate n causes the labor allocation to a-sector g, to increase. Then, (3.16)
implies that the discounted capital-labor ratio 1€S decreases due to the direct effect from

n and the indirect effect from u_ . By (3.28),

(3.29) —9—[ P, ):[ 1o
dn Ya+pYb (l_a)(l_.us)_l_lus

+ a(l_lu’s) ] __anus <0.
[A-0)(1—p)+u, T on

Therefore, an increase in n causes the share of b-sector to decrease. The implication of

(3.29) is straightforward. Larger »n implies higher young-to-old population ratio 1+n =
N(t+1)/N(¢). Because young people prefer a-type goods and old people prefer b-type
goods, the allocation of labor to a-sector is higher and the share of b-sector in GDP is
lower in an economy that has larger 7. Because we regard b-sector as service industry,

these observations suggest that the labor allocation to service industry and the share of

5 Notice that the growth rates of per-capita variables on the balanced growth path are
not affected by the change in population growth rate due to the exogeniety of TFP

growth rates g, and g,.In fact, on the balanced growth path, the change in

population growth rate affects the level of per-capita variables, and the level and the
growth rate of aggregate variables.
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service industry in GDP will increase in an aging economy.

The effect of the change in population growth rate n on the welfare of each individual
on the balanced growth path is summarized as follows.‘ Foreacht=0,1, 2, ..., (3.27)
implies that a change in population growth rate »n affects the lifetime utility of each
individual through In[ ¢} x( c: )° 1, while it does not affect the growth trend of utility.
On the balanced growth path, by (3.6), (3.7), and (3.14), the discounted young
consﬁmption is |

A

(.30 ¢, =[1/(1+68)]w,

a

where W, is the discounted wage defined by

B3D W, =[(1+g)"" T w(r) = (1-a)AO0)(k, /1 )",

and by (3.7), (3.8), (3.10), and (3.14), the discounted old consumption is

(3.32) é,fz( J )( 50) ][Hrs—é]

1+6 (1+ga )1/(1—05)
=(lf5 ){ (1+§(?’“-w J[IWA(O)U%/;LS)“‘I—AE] .

As we saw before, an increase in 7 causes the a-sector share of labor U, to increase
and the discounted capital-labor ratio k, to decrease. Then, the discounted wage W,

decreases and the interest rate 7 increases. Since the source of young consumption is

the wage income, and the source of old consumption is the interest income, the effect of
a change in 7 on the lifetime utility depends on the relative magnitudes of the changes
in w, and 7, . It can be shown that

(3.33) & x(&)° = const.x(k,/u, ) [1+a AQ) (K, /u, ) —E °

and
0 ~ a r = s
@30 (/) D40 a©) (/) -7 |

=0 (k, /) [1+0 AQ) (K, / p, )™ —E T
(=9H0-a)

J -
e SV B FUA)
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where [0( lés / i, )/on] < 0. Therefore, we have the following theorem.?

Theorem 4. On the balanced growth path,

1
1+6

(3.35) E—U(t) =10 as U
on _
<

In general, we expect an inverse relationship between the population growth rate and

the lifetime utility. Higher population growth rate » implies lower old-to-young

population ratio, lower capital-labor ratio, and hence lower wage income. Although the

interest income is higher, the lower wage income might have stronger impact on the

individual lifetime utility. (See Auerback and Kotlikoff (1987).)

In the simplified model of this section, a paradoxical case (positive relationship
between n and U(¢) ) emerges when the a-sector labor share y_ is large. From (3.15),
U, is large when the a-sector's TFP growth rate g, and the capital depreciation rate
& are large, and when the old-utility discount factor & and the capital-weight in a-
sector technology o are small. On the other hand, (3.32) shows that the discounted old
consumption 5; is small when g, and & are large, and when 6 and o are small
When 5; is small, a marginal increase in 5; , caused by an increase in the interest
rate 7, , has a large positive effect on the lifetime utility. This is why we observe a
positive relationship between the population growth rate » and the lifetime utility
when [ is relatively large.

At the initial time t = 0, the welfare of an old individual is measured by the old

consumption

(3.36)  c;(0)=(1+7r(0)—&)s(0)/ p(0)

5 We must be careful about the implication of Theorem 4. As we noted before, Theorem 4
may be interpreted as a cross-section welfare comparison of economies on the balanced
growth path with different population growth rate, or the change in the welfare level of
an economy (adjusted for time trend) after a full-adjustment of transition to a new
balanced growth path.
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where s(0) is pre-determined. If the economy is on a balanced growth path, then
(8.37  5(0) = K(0)/ N(=1) = (1 +n) k(0)
(3.38)  p(0)=[(1+6)/8](1+n)(1+g,)"** k(0)/B(0) .

By (3.36), (3.37), and (3.38), the old consumption is rewritten as

(3.39) cf(O) =( alf.(g) )( (11+g’;)_1/§—a) ) :

As we saw before, an increase in the population growth rate n causes the interest rate
¥, to increase. This implies a positive relationship between #z and c,f (0) on the

balanced growth path.

3.3 Simulation Analysis of the Simplified Model

In the previous subsection, we analyzed the effects of a change in population growth '
rate on the endogenous variables on a balanced growth path. Since the balanced growth
path is a steady state of the discounted dynamical system, the abbve analysis might be
regarded as a cross-section comparison of economies with identical structure
(preferences and technologies) except population growth rate, or a comparison of the
initial steady state and the final steady state of an economy that is reached after the
full-adjustment of transition process initiated by an once-and-for-all change in the
population growth rate.

In this subsection, we study an aging economy that exhibits a decreasing young-old
populétion ratio. In the practice, we assume that the population growth rate n(¢) =
(N(t+1)/N(¥)) - 1is not a constant but a decreasing function of time. Given the time-
varying sequence { n(7);t=0, 1, 2, ... }, we will simulate the dynamical system { (3.4),
(8.5) } with respect to § Uy, k(t+1);t=0,1, 2, ...} to see the effects of aging process

on economic growth, industrial structure, and the welfare of each generation.”

7 Since the model in this paper is a two-period life overlapping generations model, which
1s highly abstracted from the real economy, the following simulations are intended to
provide the qualitative, rather than quantitative, prediction about the effects of aging
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The parameters and the exogenous processes 1 A(z), B(f), N(#);t=0, 1, ...} are
specified as follows. The TFP growth rates are constants, (A4(z +1)/ A(¢)) - 1=g, =0.12
with 4(0) = 10 for a-sector, and (B(t+1)/B(f)) - 1= g, =0.1 with B(0) = 10 for b-
sector. This assumption is supposed to capture the observation that the TFP growth
rate of manufacturing sector (a-sector) is higher than that of the service sector (b-sector).
We consider three cases with respect to the population growth rate n(t) =
(N(t+1)/N(#)) - 1fort =0, 1, ..., 40. In the first case (stationary case), the pbpulation
growth rate is constant at n(¢) =0.2 for all t =0, 1, ..., 40. The second case (moderate
aging process) is specified as 7(0) =0.2, n(f) =0.2 = 0.0Ixt for t =1, 2, ..., 20, and
n(t) =0 for t =21, 22, ..., 40. In the third case (rapid aging process), the speed of aging
process is faster. It is specified as n(0) =0.2, n(f) =0.2-0.02xtfort=1, 2, ..., 20, and.

n(t) =-0.2 for t = 21, 22, ..., 40. These three cases are depicted in Figure 3.

(Insert Figure 3.)

In the figure, "gn_1", "gn_2", and "gn_3" correspond to the stationary case, the moderate
aging case, and the rapid aging case, respectively.®

According to Theorem 4, we may observe é negative relationship between the
population growth rate 7(¢) and the lifetime utility U(¢) (normal case) or a positive
relationship (paradoxical case) depending on the relative magnitudes of ((#) and
1/(146) where & is the old-utility discount factor. We saw that the labor allocation
U(?) is constant at [ on the balanced growth path, and by Lemma 1 u is large when

the capital's share « in a-sector is small, and/or when the capital depreciation rate §

process on endogenous variables.

8 The constancy of the population growth rate after the 20th period is not necessary for
the simulation study of this section. This constancy is intended for a comparison with
the simulation study of Section 4 where the generalized model can not achieve a
balanced growth unless the exogenous processes{ A4(¢), B(f), N(¢);t=0,1,2,...}

converge to constants in a long-run.
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is large. Therefore, we expect to observe a paradoxical case when ¢ is small and & is
large. For this reason, we simulate the dynamical system { (3.4), (3.5) } for two setsk of
parameter values; a normal case where { @ =0.3, £ = 0.1}, and a paradoxical case
where { & =0.1, £ =0.9}. The old-utility discount factor is set at & = 0.8. The choice
of the exogenous processes { A(f), B(f), N(f); t =0, 1, 2, ... } and the parameter

values are summarized in Table 1.
(Insert Table 1.)

Because the growth rates of the exogenous processes { A(¢), B(f), N(¢); t =0, 1,
2, ... } become constant in a long-run, the dynamical system { (3.4), (3.5) } converges to a
balanced growth path where per-capita variables grow at (1+ ga)l/(l_“) — 1 which is
positive if g, > 0, and aggregate variables grow at (1+7)(1+g,)""™® — 1 which is
positive if g, > (1/(1+n))"™® — 1. Since the TFP growth rate of a-sector is set at g, =
0.12, the long-run growth rate of GDP = Y, + pY, is positive in the normal case and
paradoxical case when n = 0.2 and n = 0. On the otherA hand, the long-run GDP
growth raté becomes negative in both cases when n =-0.2.

The initial capital-labor ratio 4(0) is set by (3.13) k(¢) =[(1+g, )" ]t /gs with t =0
so that k(0) = lés . The discounted capital-labor ratio on a balanced growth path lgs is
calculated from (3.15) and (3.16) under the assumption that the growth rates of the
exogenous processes { A(f), B(tf), N(f) } and the parameter values for t = -1, -2,
-3, ..., are constant and same to those at t = 0. For example, in the normal case, k(0) =

lgs is calculated by putting n =0.2, g, =0.12, 40) =10, & =03, £ =0.1,and § =
0.8 into (3.15) and (3.16). Given £(0), the sequence { w(?), k(¢ + l), t=0,1,2 ..}
generated by the dynamical system { (3.4), (3.5) } will converge in a long-run to a new
balanced growth path due to the smaller (long-run) population growth rate.
NormalCase: Figures 4A-4F display the transitional dynamics of the selected variables

for the normal case. In Figure 4A and Figure 4B, "mu_1" and "k_1"are { u(?), k(¢ +1);
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t=0, 1, ..., 40 } generated by the dynamical system { (3.4), (3.5) } where the population
growth rate is fixed at 7(¢) = 0.2 for allt =0, 1, ..., 40 (stationary case). "mu_2" and
"k_2" correspond to the moderate aging case, and "mu_3" and "k_3" correspond to the
rapid aging case. Figure 4C depicts the discounted capital-labor ratio lg(t) In the
figure, "kh_1", "kh_2", and "kh_3" correspond to "k_1", "k_2", and "k_3", respectively, of
Figure 4B. The figure shows the quick convergence of the discounted capital-labor ratio
toward the steady state once the population growth rate becomes constant at t = 20.

When the population growth rate does not vary (stationary case), w(z) and k(z+1)
stay on the initial balanced growth path. On the other hand, in economies experiencing
accelerating aging processes, the share of labor allocaﬁon to a~sector U(?) decreases,
and the capital-labor ratio k(¢ +1) increases. u(f) and k(t+1) converge to the final
balanced growth path. Along the transitional path, the speed of labor shift from a-sector
to b-sector is faster and the speed of per-worker capital accumulation is also faster for
economies experiencing faster aging process. On the final balanced growth path, p(?) =
U, is smaller and the discounted capital-labor ratio lé(t) = lgs is larger for economies
with lower (constant) young-old population ratio n(¢) = n.

Figure 4D is the share of b-sector in GDP that is an up-side-down mirror image of
Figure 4A. In the figure "B_Share_1", "B_Share_2", and "B_Share_3" correspond to the
stationary case, the moderate aging case, and the rapid aging case, respectively. The
share of service industry expands in aging economies, and the speed is faster for
economies experiencing faster decline in young-to-old population ratio. Because of the
slower TFP growth in b-sector relative to a-sector, the expansion of the former in GDP
causes the growth of GDP to slow down. This observation is depicted in Figure 4E. In
the figure, "D_GDP_1", "D_GDP_2", and "D_GDP_3" correspond to the stationary case, -
the moderate aging case, and the rapid aging case, respectively. In the rapid aging case,
the GDP growth rate on the final balanced growth path becomes negative because the
TFP growth in a-sector is not fast enough to offset the negative population growth.

Figure 4F depicts the negative relationship between the speed of aging process and the
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lifetime utility of each generation for the norrhal case parameter configuration. In the
figure, "util_1", "util_2", and "util’ 3" correspond to the stationary case, the moderate
aging case, and the rapid aging case, respectively. Theorem 4 states that, on the
balanced growth path, an increase in the population growth rate n causes the lifetime
utility U(¢) to increase (decrease) when u, > (<) 1/(1+6). In Figure 4A, notice that
U(t) is smaller than the critical value 1/(1+8) = 0.556 for allt = 0, 1, ... , 40, for all the
three aging processes. The graph of lifetime utility has a positive fime trend so that the
welfare of each successive generation improves. This improvement is caused by the per-
worker capital accumulation that is driven by the TFP growth. In the normal case, the
faster aging process causes a faster per-worker capital accumulation and a faster
increase in the wage income (that offsets a decrease in the interest income). As a result,
the faster aging process causes the entire graph of {t, U(¢) } to‘ shift upward. The figure
depicts the last 5 periods (t = 16, 17, ... , 20) of accelerating aging spell in order k\to
provide a magnified image of the different utility levels, although the utility ordering is

the same for the other periods t =0, 1, ..., 40.

(Insert Figures 4A—4F.)

Paradoxical Case: Figures 5A-5C display the transitional dynamics for the paradoxical
case. Figure 5A depicts the labor allocation to a-sector fi(¢) and Figure 5B depicts the
discounted capital-labor ratio /2(1,‘) for the three cases with respect to the population
growth rate. The legends used in the figures are the same to those used in the normal
case. The effects of the faster aging process on ((¢) and /g(t) are the same as those in
the normal case. The speed of labor shift from a-sector to b-sector is faster and the per-
worker capital accumulation is faster in economies experiencing faster aging process.
Although the graphs are not shown, the share of b-sector in GDP and the GDP growth
rate behave the same as those in the normal case. F igure 5C depicts the positive

relationship between the speed of aging process and the lifetime utility of each
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generation for the paradoxical case. Notice that in Figure 5A, u(¢) is larger than the
critical value 1/(1+8 ) = 0.556 of Theorem 4 for allt =0, 1, ..., 40 for all the three aging
processes. Indeed, as Theorem 4 states, although the graph of {t, U(¢) } has a positive
time trend for a given { n(¢) } profile, faster aging process causes the graph {t, U(¢) }
to shift downward. As stated in the previous subsection, faster aging process causes
faster per-worker capital accumulation, faster increase in the wage income, and faster
decrease in the interest income. In the paradoxical case, the positive effect of the wage
income on the young consumption Ci (¢) is dominated by the negative effect of the
interest income on the old consumption c.(#+1). As a result, the time-profile of
lifetime utility of an economy experiencing rapid aging process is below those of

economies experiencing moderate or no aging process.
(Insert Figures 5A-5C.)

4. Numerical Analysis of the General Model

In this section, we simulate the dynamical system { (2.14), (2.15), (2.16), (2.17) } with
respect to § i(t) , u(), p(t), k(+1);t=0, 1, 2, ... } to study the effects of changes in
demographic structure on economic growth, industrial structure, and the welfare of
each generation under different sets of parameter values.

In the analysis, we took the following strategy. First, we simulated the dynamical
system for a set of benchmark parameter values to verify that the benchmark general
model and the simplified model of Section 3 share the common properties with respect
to the effects of changes in demographic structure on general equilibrium outcomes.’

Next, we picked one parameter from the set of parameters, and perturbed it around the

® Through the numerical analysis of the benchmark model, we verified that capital and
labor shift from a-sector to b-sector, the b-sector's share in GDP increases, per-capita
variables grow faster, aggregate variables grow slower, and the graph of lifetime utility
has a positive time trend in aging economies. The size and speed of these changes are
greater for economies experiencing faster aging process.
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benchmark value to investigate its effects on general equilibrium. These analysis are
carried out fdr the stationary population growth case énd the rapid aging case so as to
distinguish the pure effects of changes in parameter values from the mixed effects of
changes in parameter values and changes in demographic structure.

The list of parameters of our interest includes; the relative weights on a-type goods in
young and old consumption bundles ( € and &, ), the elasticities of substitution
between a-type goods and b-type goods in young and old consumption bundles ( 1/p,
and 1/p, ), the intertemporal elasticity of substitution between young consumption
bundle and old consumption bundle ( 1/¢ ), and the elasticities of substitution between
capital and labor in the production functions of a-sector and b-sector ( 1/ and 1/7 ).
The benchmark values for these parameters are chosen as €,=0.75, &,=0.25, 1/p,=1,
1/p,=1, 1/o =0.5, 1/n=1, and 1/y=1. In addition we set @ =0.3, B =0.2, £ =0.02,
and & =0.8. The a-sector's TFP A(#) grows faster than the b-sector's B(?), although
they are assumed to converge to constants in the long-run so that the dynamical system
can converge to a balanced growth path. We exploit turnpike properties of the
dynamical system by focusing our attention on the periods during which the a-sector's
TFP grows faster than the b-sector's, and old-to-young population ratio increases.!°
The effects of variations in { £, & }

In this exercise, we consider three cases with respect to the weight on a-type goods in
the young consumption bundle (£,) and that in the old consumption bundle (¢,); {¢, =
0.5, £, =0.5},{e, =0.75, €, =0.25},and {e, =1, &, =0}.

| Through the numerical analysis, it turned out that capital and labor shift from a-sector
to b-sector and the b-sector's share in GDP increases. The size and speed of these

changes are greater for economies having heavier weight on a-type goods when young

12 Some of these parameter values may be too small or too large for the two-period life
overlapping generations models where one time period corresponds to 20-30 years.
Therefore, we would like to present the results of our simulation studies as qualitative,
rather than quantitative, predictions of the effects of variations in parameter values on
general equilibrium.
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and heavier weight on b-type goods when old. A faster aging process enhance these
changes. These observations can be explained from the view point of lifetime
consumption smoothing behavior. Consider the extreme situation {£, =1, €, =0}. In
this case, the lifetime utility function is written as

@D U@, G0+ ={[c/ ()] (1-0)}+8{[2(t+ D] [1-0)} .
Because the TFP growth in a-sector is faster than b-sector, the young consumption of a-
type goods in time t becomes too large relative to the old consumption of b-type goods in
t+1, unless there is an offsetting increase in b-type goods production. If the old
individual consumes not only b-type goods but also a-type goods ( as in {81 =05, g, =
0.5 } and {81 = 0.75, €, = 0.25 } cases), such a non-smoothness between young
consumption and old consumption could have been alleviated. Therefore, the
consumption smoothing behavior requires the offsetting expansion of b-sector through
the factor shift from a-sector to b-sector.

The effects of variation in { 1/p,, 1/p, }

In this exercise, we investigate the effects of the variations in 1/p, and 1/p, on
general equilibrium. 1/p, is the elésticity of substitution between c; (¢) and c,l, (¢) in
the young consumption bundle, and 1/p, is the elasticity of substitution between
cl(t+1) and c;(t+1) in the old consumption bundle. In the exercise, 1/p, is
perturbed as 1/p, =2, 1/p, =1, and 1/p, = 0.5, while 1/ p, is fixed at 1/p, = 1.

Through the numerical analysis, it turned out that when 1/p, is large capital and
labor could shift from b-sector to a-sector, and the b-sector's share in GDP diminishes.
When 1/p, is large, a-type goods and b-type goods in the old consumption bundle are
close substitutes so that a quantitative expansion of a-type goods and/or b-type goods is
better than a balanced expansion between the two. Therefore, because the TFP growth
in a-sector is faster than b-sector, it is better to allocate more factor inputs to a-sector in
order to achieve highér welfare level. On the other hand, when 1/p, is small, the
substitutability of a-type goods and b-type goods is low. In this case, capital and labor

shift from a-sector to b-sector in order to offset the slower TFP growth in the latter
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because balanced expansion between the two types of goods is more important than a
mere quantitative increase in a-type goods and/or b-type goods. These observations are
depicted in Figures 6A-6C for the stationary population growth case. In Figure 6A,
"lambda_1", "lambda_2", and "lambda_3" correspond to the graph of { A(¢) } when 1/ P,
=2, 1/p, =1, and 1/p, = 0.5, respectively. Figure 6B is the graph of { u(?) }, and
Figure 6C is the graph of b-sector's share in GDP. The legends in these figures are
understood likewise. A faster aging process inserts forces on capital and labor to shift

from a-sector to b-sector, and the b-sector's share in GDP to increase.

(Insert Figures 6A—6C.)

The effects of variations in /o

In this exercise, we considered three cases with respect to the intertemporal elasticity
of sﬁbstitution between young consumption and old consumption (1/0 ); 1/0 = 0.5, /o
=1, and /o = 2.

Through the numerical analysis, it turned out that when 1/¢ is large capital and labor
could shift from b-sector to a-sector to generate an expansion of a-sector's share in GDP.
When 1/ is large, young consumption C'(f) and old consumption C >(t+1) in each
individual's lifetime utility function are close substitutes. In this case, a quantitative
expansion of C'(f) and/or C*(¢+1) is better than a balanced expansion between
C'(t) and C?*(z+1). Therefore, capital and labor may shift from b-sector to a-sector
where the productivity growth is faster. On the other hand, when 1/0° is small, capital
and labor may shift from a-sector to b-sector to offset the slower productivity growth of
the latter. Otherwise, C* (t+1) which assigns heavier weight on b-type goods (services)
may be too small relative to C'(#) which assigns heavier weight on a-type goods
(manufactured goods). In other words, when 1/c is small, a balanced expansion
(consumption smoothing) between C'(#) and C?(z+1) is more important than a mere

quantitative expansion of C'(¢) andlor C*(¢+1).
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The effects of variations in { 1/17 and 1/y }

In this kexercise, we study the effects of variations in 1/) and 1/y on general
equilibrium. 1/7 is the elasticity of substitution between capital and labor in a-sector's
production function, and 1/ Y is the elasticity in b-sector's production function. There
are many empirical studies estimating the Valués of the elasticities of factor
substitution. While Arrow, Chenery, Minhas, and Solow (1961) suggest that Cobb- -
Douglas (unit elasticity) technology is a good approximation, other studies stress the
sensitivity of estimates to model specification. (See Shoven and Whalley (1992) for the
survey of this topic.) Remember that present model is a two-period life overlapping
generations model where one time period corresponds ‘to 20-30 calendar years.
Therefore, the technological factor substitution might be more elastic than what
suggested by the estimates based on annual data. In the exercise, we consider three
cases with respect to the values of 1/1 and 1/y; {Un=1, UVy=1, {/n=1, Vy=1.25},
and {1/n=1.25, 1/y =1}.

Through the numberical analysis, it turned out that when 1/ < 1/y (when 1/11=1 and
1/7=1.25) capital shifts from a-sector to b-sector and labor shifts from b-sector to a-
sector, and when 1/ > 1/y (when 1/1=1.25 and 1/y=1) they shift the opposite
directions. The intuitive explanation for these observations can be given as follows.
When the per-worker capital stock k(¢) increases due to the TFP growth and the
change in demographic structure, the interest rate decreases and the wage increases. If
1/ n< 1/7, the factor substitution in b-sector is easier than a-sector. Therefore, as the
factor price ratio w/r increases, the pressure to substitute capital for labor in b-sector
is stronger than a-sector. As a result, while £(?) increases, we expect to observe a
capital shift from a-sector to b-sector, and a labor shift from b-sector to a-sector when
1/n =1and I/y = 1.25 (so that 1/ < 1/7). On the other hand, when 1/1 = 1.25 and

1/ =1, we expect to observe the factors shift to the oppbsite directions.

5. Conclusion
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In this paper, we investigated the economic growth, industrial sfructure, and welfare
level of aging economies through the analysis of two-sector overlapping generations
models. In the model it is assumed that the TFP growth rate of service sector is smaller
than manufacturing sector. When the old-to-young i)opulation ratio increases, the share
of service sector in GDP increases because older people are assumed to prefer services to
manufactured goods compared to younger people. In the analysis, it turned out that,
although the accelerating aging process might cause the GDP growth to slow down due
to the expansion of service sector's share in GDP, it also causes the increase in the speed
of per-worker capital accumulation and the improvement in the lifetime utility of each
successive generations.

Next, we studied the effects of the variations in parameter values on general
equilibrium. We saw that there are 4 major forces that affect the sectoral factor
allocation. First, a faster decrease in the population growth rate ( n(¢) ), that implies a
faster increase in old-to-young population ratio, causes a faster shift of capital and labor
from manufacturing sector to service sector and a faster expansion of the service sector's
share in GDP. Second, a smaller elasticity of substitution between manufactured goods
and services (1/p, and/or 1/p,) causes a faster shift of capital and labor from
manufacturing sector to service sector to offset the slower‘productivity growth of the
latter. A smaller 1/ p, and/or 1/p, implies that manufactured goods and services are not
close substitutes. Therefore, a balanced expansion between manufactured goods and
services is more important than a mere quantitative increase in the two. Third, a
smaller inter-temporal elasticity of substitution (1/0) between young consumption
C'(¢) and old consumption C*(¢+1) causes a faster shift of capital and labor from
manufacturing sector to service sector so as to offset the slower productivity growth of
the latter. A smaller 1/6 implies that C'(¢#) and C’*(¢+1) are not close substitutes.
Therefore, a balanced expansion between C'(f) and C*(t+1) (consumption
smoothing) is more important than a mere quantitative increase in C 1(t) and/or

C?*(t+1). Finally, when the factor price ratio w/7 increases due to the increase in
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capital-labor ratio that is caused by the increase in old-to-young population ratio and
the TFP growth, capital and labor are reallocated between the two sectors. If the factor
substitutability in manufacturing sector is more elastic than service sector (1/1 > 1/y),
then capital may shift from service sector to manufacturing sector, and labor may shift
the opposite direction.

In the following, we describe some of the remaining issues. First, we must extend the
present two-period life-cycle model to more realistic multi-period models in order to
derive finer quantitative predictions about the future course of aging societies. Second,
by rebuilding the present model as multi-sector endogenous growth models, we may end
up with different results. Because the engine of growth of the present model is the
exogenous increase in TFP, if the population growth rate becomes constant in a long-run,
the growth rates of per-capita variables are invariant to the population size which is a
good néws to economies whose work-forces are diminishing because of lower birth rates
‘and accelerating aging processes. On the other hand, many endogenous growth models
exhibit the "scale effect" such that the long-run growth rateé of per-capita variables
depend on population size. Although the empirical evidence of the scale effect is not
evident, it might affect the welfare level through other channels such as the slower
expansion of vertical and/or horizontal dimension of the "quality ladders". (See Jones
(1995) and Young (1998).) Third, the present model must be extended to incorporate a
public sector. One of the biggesf issues for economies experiencing acéelerating aging
process is the maintenance of social security system. However, the major components of
the system such as pension and medical care are more like publicly provided private
goods and services. Therefore, the problem of maintaining the social security system
under the accelerating aging environment stems from the system's role in income
redistribution that cannot be achieved in competitive private sectors.

On the other hand, other public goods and services, whose sizes are not directly related
to population size, may affect the g;x'owth rates of per-capita variables and individual

welfare levels in a long-run. This point can be illustrated by the following continuous-
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time Solow-type growth model.

(6.1) YO =ADOK®O*NOH"™*, 0<a<l

(5.2 YO =CH)+ K@)+ Z(@)

(6.3) K@) =s[Y®-Z(@®)], 0<s<l

Z(1) is the aggregate public expenditure. Assume that the TFP growth rate A(t) | A(t)
= a >0 and the population growth rate N (t)/ N(t) = n 20 are constants. Define the
TFP-adjusted capital-labor ratio /2(1‘) by le(t) = K@)/[N(f) A)"""®]. Then, by (5.1),

(5.2), and (5.3), we have

a
-

G4 k) =s[E@T —[(n+—2—)E@) + M(®)]

where

(5.5)  M()=sZ@E)/[N@E)AH""].

(5.4) implies that the sufficient condition for positive per-capita growth is s [/2 1% to be
larger than (n+a /(1-)) /2(t)+M(t). In Figure 7, the graph of s[k]%is a positive
increasing concave function, and the graph of (n+a/(1-a )k(t)+ M (t) is a non-

decreasing linear function of k with a time-varying intercept M (7).

(Insert Figure 7.)
If M(¢) is constant at M' , then there are two steady states; a stable k, and an

unstable %, . Suppose Z() is publicly supplied private services whose level depend on

the domestic population size. For example, Z(¢) = zxN(f). In this case, by (5.5),

MIM =-al(l-a) < 0. Therefore, there is a unique, globally stable long-run steady

state k;, . On the other hand, suppose Z(f) is a defense expenditure whose level
depends on the population size of enemy countries N©. In this case, MIM =

(NFINT) = (n+a1-a)). Therefore, if the growth rate of enemy population is larger

than the domestic aggregate growth rate, the intercept M(#) in Figure 7 moves

upward, and lg(t) = 0 will be the only globally-stable long-run steady state. In fact, we
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can imagine many examples. of increasing (TFP-adjusted) per-capita public expenditure

Z()/[N@)AD 1. It may be caused by an increase in the aggregate expenditﬁre
Z(t). A decrease in work-force size N(Z) due to lower birth rate and/or a slower growth
on TFP A(#) may have the same effect.”

A final remark is the increasing importance of service sector in the adoption and
transmission of new technologies. In this paper, the services are modeled as a final
output produced by capital, labor, and the TFP whose speed of growth is slower than
that of the manufacturing sector. On the other hand, we saw in the last decade the
possibility of productivity improvement in serﬁce sector through the adoption of ITCs
(Information and Communication Technologies). In addition, services employed by
manufacturing sector and service sector become important media for transmitting new
technologies, especially in economies experiencing finer modulations and
specializations.”? Although new technologies might be generated 1n manufacturing
sector, these observations suggest that services are indispensable elements of economic
growth for their abilities to let each producer to specialize, and for their roles in
transmitting new technologies. In order to theorize these mechanics of economic growth,
we need to recohstruct our model to incorporate the inter-industrial feedback between

manufacturing sector and service sector.

1 A similar problem arises if the costs of providing public goods and services grow faster
than population size. This possibility is suggested by Baumol (1967).

12 Greenhalgh and Gregory (2001) used activity (I-O) analysis to investigate the role of
service sector in the UK economy. They found that through 1980s, there was a strong
growth in demand for services as inputs by variety of industries, and an increasing
importance of services in productivity improvement and transmitting R&D outcomes
across industries.
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Table 1. The choice of the exogenous processes { A(¢), B(t), N();t=0,1,2,..}

and the parameter values for simulation study of the simplified model of Section 3.

(A +1D/ A1) -1= g, =0.12 with A4(0) = 10 : a-sector TFP
(B(t+1)/B(t)) - 1= g, =0.1 with B(0) = 10 : b-sector TFP

n(t) =(N(+1)/N(¢)) — 1 : population growth rate

Case 1 (Stationary Case)

n(t) =02forallt=0, 1, ..., 40.

Case 2 (Moderate Aging Process) :
n(0) =0.2, n(f) =0.2-0.01xtfort =1, 2, ..., 20, and n(¢) =0fort=21, 22, ..., 40..
Case 3 (Rapid Aging Process)

n(0) =0.2, n(f) = 0.2 0.02xt for t =1, 2, ..., 20, and 7n(f) =-0.2 for t = 21, 22, ..., 40.

0 = 0.8 : the old-utility discount factor
o : Cobb-Douglas coefficient on capital in a-sector

& : capital depreciation rate

Normal Case Paradoxical Case
o 0.3 0.1
E 0.1 0.9

Figure 3. Population Growth Rates for the Numerical Analysis
of the Simplified Model of Section 3
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Figure 5A Figure 5B Figure 5C
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Figure 7. Neo-Classical Growth Model
with Public Expenditure
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