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Searching for the Causes of the Heisei Depression
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Abstract

Japan has been suffering from a long economic depression, the Heisei Depression, since 1991.
In the shaky speculative world financial market, Japanese firms aggressively increased overseas
direct investment and achieved overwhelming international competitiveness by micro-electronics
technology. Huge trade surpluses were invested to real estates and securities, which led to the
Bubble Economy and finally to the burst of it. Since many full-time workers were replaced
with part-time ones, people worried about their future and cut spending, by which the economy
was getting worse than before. The export-oriented policy worked no more because the host
countries could already supply necessities by themselves, thanks to Japanese investment.

F—g— K NTNER, FEHEE SVLVEREIE, w420z L2 Fo=7 EI,
FUYNT 4 7, FARR

Key Words: Bubble Economy, New Liberalism, Gold-US Dollar Conversion System,
Micro-Electronics Technology, Derivative, [eisei Depression

JEL X4y @ D12, D22, D63, E24m, J30, P48

* K2, 201045 A 298, FilERAETHMS N AREFEGRFESH T RSERSICEY 3R 1 P vOREEN
TLzboTHh s, BEZRFUFLLLEAOE{ O 45111 T L, Theo Papadopoulos ¥1{% (Victoria University),
Vlatka Bilas i+ (University of Zagreb), Pawel Mlodkowski = (British Kazakh Technical University) % & o b
B3 A v b EFVE, FERMEBL LTS,

* o RRETRSHACY-TH, FL0EMThARITERESELL LAL, RETRIREMMCT 50, <
NooERic L CERLAY. FROMESHESLUBRF— 7 ML THIFR (2000], ZHfh (2010] FLEHs
v,

_3_



ERHEY v —F 0 BEEFE2F

[ e = B P

FwTId, NTLERFEORE LEEE ok
DEVWARERIEL, ThoSBRoBIERE
VRO LETHERSHNEZESEL AL &
B3,

BAZFSEHARICH - 2 EEE, W8
i, =7 v WRARRROFEREEREE v —#
YRIGHAEOH BHEREE I L A HREED
BEZLcETICRIETE S, VT SITRD
BElahic&s, WA, STt RAuE
%, BREFOBEREEHV - ERMNEE
fiiFF S MHEEEREC LBAD VT, Wity
LILBBRELREE LIcLzcETH S (O
# [2000]).

& R PV EIBEHIEEORE I L D REEIR
- o FROSBATRE, 7V T 1+ TOEHIR
BRITICL - TRRICERBEEEL TV - 7.
oz, HRGICEIEL sy Ea—
GGy b 7—7 - AT AIHREO SRS
DR HE L 7z

C OB SRTER O BB ICEALRE
FEIFOoN5 I EICT S VWRKERFE, #FH
L FAERURY £ 5 cligEBEL, 8

LTERFATHFORFEE7 v 1+ v A LI,

KEHFOCOZEHEREFEHRERICLS
RHEBHUBEOT T, XEOZ 0hER
M&A THEBMFEEZ EF LS & LT

{, TS TOREICLODNIAATL 1.

CHLT, REBREREELHEICHEETSC
LickBilTLE -1
fhoEbKED I oeEREHEICEFLA

DT, ABERROEROEFRRIREIES

1980 SIS LML Lz, CoBsl, Bhs%
g, KEEOESEE LT B0, B
EAEERE YT LERIL, Moz
7 bo=2 2 (ME) SifOMESEFHIC X

DEEaR MEBREICETEELAL. F0BE

MHERCERNTERRENLEEL. B

BHEHBNEZRFERZEHR L. TOHRIWHARSA
EEAMICHBATVARDT, SHOESHIEE
B BRI TREBESRIcEASREL, T
[T NEEF|lIOEETOTH-12. 2FD,
1980 FELTEEA S 1990 ERTHB KM T TD
[ 7 WEiK] &, REESRORHP 2R

EREBOERE ERICLIEES v 7L THS.

7 EE| #InEsERENEI &4
i, PEREREOSEL S ARET B
HLHAERENETH - 7. COHBHEIEK
Fid, &< OEREN - BEL, BUFHIIEL
RRONA F o4 viTif-T, BB ERSE
AHELETT L WHIREFREEH L.
CORERMRFER HHFORIT fEfEsH
foicsd, HAEIFLEEAATE S AR
EAEHO{ Sh, |ITHMEICHE LY
COEFRECEBHEER (7] #5&oiF
HRETEE I EL, REICEMEEEeTL
EECT

(N7 NVEKR| OFBE RECARICLE

WERRMROTWADOHEESICHR T 3.

FH—IT, B DEETIE, TOEERETHER
EBELZELINICBATVWADT, DEEE I
HICFHoETA3EBEh-7c. LL, EL0f
E3 180 ERCHEN T ENEEREEZT-
o, R oOoBBEOHBEFETE,
BAEEOTFEENENTIS R/ 9 ictHai
EEREAERE T\, FhwA, koL

1) CoBERYZT34L0—-OMETS| SRS
relEls L HTVE HROERBME, 77
SAL0-vEPLETEFYNF 4 TERBICTE-T
WhZLF s Tusb7r=— A4 ICEHOESLE
#LTwi, ComfTeEETRMEkThHY, KER
FirzoG8 Mol ELA-TWEA-%k Ll
01 FIEREOERIc L - TIRILEALEVLI S
LR, BATEEETHITE AAA LIFEL, R
Bl EAEFIETOREDRABIRA-TVSLEL
Twh, COXRBEBREILF4-7F9d, Zr=—1

A4 QBFRER, BhifTbBifichhsleTh S,

TARILbETI, BROPOEBREAMEALTERE
COLFE2ERAATVALVIDEE(NEILTH
. INbEIAL-AH—FO—EiTH S5, SHDH
FEBRLIME-TV S E LaEbREN

._4_

i, BEREEIEHEIA Ttk - TRE» S
HHHT CEBRERFARETH 7. —AT,
Ha&{# 3 ME Eilfz 2 2 rBlEO 72D
EENCFIA L ooy, AFBLZICa 2 F 2]
habomnm-TLE -k i,
197 07 Y THEEGBEOR SEETRE
BERF LA SRR EE b L BB h, IE
HEREMEES AT -ty A v —cE 2

Abhad%, YA IOEMNEEIIKETRNAL

CORIZEMAES T TR CEFBM I b RA
720 ZOER, ArFRICREEREL,
BAEIE L 0T, RREE—BEAIE - .
COIX PHIEE AL OREICE - TIHSE
HiEbDTHEH, TTOLENOFEE
BEHTLE, BFOEEEFAETHS. T
T, BEREHRE FBEIEERTCEER
LLTOHBOMBETH TS TRIERSE
THEEVWIEEEN, FHEL MO+ —
ERERALIEEIEVIBYEILRLTVS, C
Offinid, BRERMEELAUBEELE -
CEickp—EinEENnLY, ChRBEFOR
ERETH B,
COLIBFRTICS » THEBERERRR
ELTEHOEEREFEEZ LTV, BEA
IR EERHRERP I P~ 10T, BFDEL
HEEL D EFHEVHED SRS ICER
LTWwac®, CoLT, EFiKbhbisiBiEF

2) ChREFEHEBOFLAORTTHY, 1990 FROK
Elcsa) 2325+ ) v 7 LALTSHE

3) coRilReMoBETHY, THOKRORTED

ChERHEMBELL T a0 REHTHL <, BF
MHEAT TR hE RS, LhL, BUFseEs
LT EE2LTVWADTRIFEOHBRMFTE AL
4) 1985 FED T 5 EELR, KREEIK K ZNEHETS
o A RRGCHBEMARE R, KEEREHELS

kAR T B 0ic FABREEBTAIETH - 1.

Tof»icl, KESRTHOMTFRREOLIEREDH
FREpECRFAER LY, L, ¥BR, Fr
DEELBE, o, WFOKRFEETr A+ Y RT 5L
Wizh, AEICHEELZFLEECESSERIEL S8
Mot ECT, KEE Lhbi, BAUHBRER
FrhyTwiagrel T, ToRFRERKEOT
hED bECBRESHOTINERGRM o, Thidy

SERE  THETAAREEES
FORICHEE L -EHOHBNEEFZHIERD
HEFEEOREPALOEEDOE BV S
NFBEA TV, (7] FilEk, higl
FEFE, B BRI 3EOBE T VE
HEE L IC L > T—BE(LL 7.

RESIEE LEGE 3 BRE2 TREHN I,
750 —AREIFZAS, [E U EEED S B SREE (D
DI - TWAEF Y57 4 TOhicilAAE N
TWw3, HEAMOL D DL T ) T 4 7
BECDWMI LTI ANT s 7OHSEEOT,
2000 FEEA S, SRS EREELMO 7
YT TR L TRERINAER L & T
AL, SREE|EFoya - rF—
LARDT, HOFIEEELDOBEILLE, 7
NF 4 TOFEODFE, FHEERETRICESL
DEE-TLEIOT, HoFEHEECEET
A, Tibhb, SHOF)SF 4 TRV R SE
BEEERCHEL, FERGESRER-TLE- L,

—H /Ly ADRYEFRTREOHEORERTS -
1o, XEORBREREEHLS, KFrrdTEI LK
FELTLES

5) S$HQREE0EBEBE VLI TRBIRED T
74 7TR, BEERDIERREIFLHLHEOF
iy, MR, BP0, 2EENSCEBES
h, BEIEEEcRKs Y, BEERA 3£ V-T
WAHLIRRA, £hWA, EENEEMbALL., T
HiE—BcRBEEN 5, 0FEROMUATELBECTEF
LOWEE-TEVWESS

6) SBOMENGFY T ¢ THEFEER, SRMRMICTE
bhrRsbafoRsF&, EROFELEHETHS
BOFEOMTORETSHS. B FREVFICRNO L2
#, GREy 2RIETEH, FUF 0 TREFAICE
£EHEFTE Chidtovs - F—oTHILESR
OIETH S, FENFiR, BHOFEEHMTELT b
sk FYAF 4 TEEVWHLT LS8BT S, B0FE
i, Boo:ERAEEL, EEAMRATOEELE 153
H—FRAELO-TBRLEIELT, HLLFU 7
 FEEOET S, HEORRMIES ML IO 0E
LlEtRtioT, TOBICREHFLECFELE L
AOMETAPLUL H-THED, HEOEBRIEIELA
YRERETH S, RYETEFT ) 7 ¢ 75
A ciRES NS, EHFOMD FLEHRFEERAD 2%
T, 1% AFEFOMA, b 1% HEREETSHS, FlAE
10 EAE-7cEd52&, BHFER 2000 FREFICT S,
ZOF, 1000 FHAESORA, BH O 1000 FHEHEN
FEEOTAESRICAS, HER AFzbbi-T

—5—



FEHEYr—+ L WOBW2E

BI i, FUNF T REEEFEEE- 7
EREENEAOMELEAS. FARIEEL
THEMM T LS T o AmTS
LT DEENLESN - "F—FThH
5. RESIZEELEEROESN - ~"¥F—FT
H5H, hid, BEORRICE VT
S

5E THERORRS 1990 ERXFHH &4 H
ETHOTVWAEHEPERL TS 2. ~ Tl
LR, BETNEMBELESOEDLS
EARZIZERIAEL 135 5 HEFEMEOBITIc
BIESVWL, BEG LEEEHEETE s
BLUADEIDEH L VWESS, avra—4
& ME Eiff 0 2B RN EEEOZB LR
CELESEALEE e, SPEIRLLS
LBRTEVEREESREETEAE L SNE
KERLTWVWS D, HAZEFEIEICE TR

FUNT 4 TEFETORM, FUF 0 THRITEIER
HEFRTOT, JOEENSBEE- 1o Ad SEHAERE
MOunETs5. CCTREEVDR, 47734 L0
—vid, FUNF 4 T LGRS, BN E
FLEEVWIETHS. Thubs, BFEESOEFHFR
RRTIOEFMEE.. Lol AMEE &Rz
THELOT, HERCRERAITFRERB 45, &5
HHRETHUE, WALHAIZOT, B{0ARERFIC
FHLBVESS, LOLRRE-£S, S{DARK
EEH S PENLDERLAOL, ThYA, {0+
754 Lo - BTEMMISL 51255
1) 3vEBa—-pRB-ETRAOZCLIAELL

BALIARI Y Ca-92 505 0hBHEICEEL
TwadhER sy, chie MERK2HA8b¢ 3
L BelEMay sy oM ERTES LS
1253, THbb, 2vEa—-y55 ADFEMo v
Ea=? 0 @ROYRERET S, chEHED
Bt -—ERALHXTAHELERDEICULEESES. &
BERBRLES S5 ARBAECHBRBER VT
KA, BRARA -7 v ER- D BEBHHEER 10
FTAAROEG, 2Fh, WK + -7, BHEL
Lo EROR IR, TOEMABMANERICEE-TVA
Licti=-T, COLINMHE2C ZFRMBoOREHT
BEBhoGn-TH5, ThWA, BRiCHd 203
HOBSLHAET, BLAThESHANRL3EBLEL
2%, CORERALEMCHRE-TEY, BEELE
BEOZTALREMETHS, L28H, 3vEa—¥
2, BROFARZLEANEFB T v 2253 ba—n
THIENTEZSOT, fAIBENEDLSEI TR

OEED MY 7734 so— vilkEic k34
Al n &7 - LEANMETS 2

2. RT3 BRRH

SITICASENC, RETOAMERICKHT S
AR LER - MHEHO AR LTEIS. L
ThbbnSsNnicbDTH B0, WHEicwiig,
T o—D—RAlfEHTFEEM S 2 HEhE bD
T & 5 (Arrow [1963], Matsumoto [2006]
(20101, #A7 [2007]),

BEN BRANELOBERETETANLUES
LIcYUTEMBICREEMEER CEELYE
L,

ChiEuvwrusBREECLBVE, EVE
DEHEMEHAEELEBRLTVSY, THhwA,
HEFEDTAFTTH (EET 5 &MTHET
Habmmrbhod) HETELZTANLGR
TWaLERR, RABTOHEOESE L ¢ &
AL TRVWFEWL

Ri2: SF0EX FEHTRELEGA
Esmnhs, Zhldd CICHEEET 3.
fEpic S20ERL REELEBS Ths
BOCRo0 AR ENL SFIZEABE &M
TZ4%, §8OL) WEHEESIcBVLTIZ,
LZLDABT CRAMC DT, SFnER"

DWBEMNKEL BE-TL 3, COBE, HEODHBI
EHEOTRICKET AENLASCEDS. §ho
BEHNALM P SRENCE LA &2, Sk &iE
FPEERCBYARFORBOMKICKENEELE
ABKEAS. fERD, MICHEIERYL D 0kEYES
FATOWREYTR B2, KFRROFEORHEL X2
TERWVWNESS, CITHUTVAIREEIEY 4 v Xifi
OEEREOMR, £& L THMMEEREL, THsEo
MW EATWE,

8) FARMEEOEIGLS BG4 P §
Tk OBRHEFICIRLDBEY, ES5HMT 3 HTkLD
BETREASIEMNTENVWASTS S, MrsuEiR
HRITZEBREALOMTREN MM LOTEH

.

_6_

B CIKBBEZEZICR-TLES, #Hw 3,
fIABFLEAATEL "HEVWEL ZERT
H5DIRGEHRTH 3.

PHEI BANEELWEEZZEE2EHL
THHEMCEF LOERE RS,

Chid, BEFTL(EDNIGHKOBEL
WHOBERLD—RBLLibDTHE, TIh
5, HOBItEESOFRHE 100% ERHTE S
AREFELBTVWI M EHENE, o1
hb, ELHXEHOREOV ohEFHHE S
B2V, LalL, COFEINFLLEVNR
BT, B{DOANCOEBEEETEC
T, HEOWRH, BADRRENEFT AL
MEJEEIciE B,

B4 MEOQEREESOTLICHT 5FEH
HEERED.

Wit BN OBEE b ] S O B A FTE
ET5,. Lbl, TokHruiiEzttodick
MHICEETELE-TLVWEARD., bEEME
ESOTHEVHSREER SR LT B L,
e R T oE#LMENFEET S, =7
DL HEOHEMEIGER S LRI
HEigh o RHBENME( L -TVWEIEEE
BeL, d2fnERORELELS, RIT, 0
L HIRIRIR, S ORIk RENA SR
TR WK TH 20 5, HANICERED
ZElLicd 20T HICEAZETs &

3.
3. AR SEE

3.1 # FILREHEORE

19714, =2 v v OHBEBRHEICL-T
& - FASBRHENRESh PO, EEE
BAXDEROHIEETAEEL -7, &

hick b, BEMEOCLEN BE~DOFER

EWMZEFEOREERPINES h, ERMBIE—
BARLEICE-7z. IMFicf{b-THHROE

SREE . PRTROGEERS

AR E T v b o — T ZEERBEAKA L L
THEELSVWOT, ERRGECTHE 2 LLD
e HAT, Thei, sk TEHD
BEASHBICEEMEEHL, HROSETHS
EIERAAISIc - TLE -7, Thid, Lo
THLECOETLERIGRMESICEIN I S
EEWBEL, IhM, SEREFICLDIZ-T,
BRERIALELRILICH B bDICAE
BEUERTH 3.

3.2 FUNF ¢ THG| : {HHAEE| EERO R4
ZILRER LR

EMEE & U0 s h - ERSEYiS ReYEE |
121980 ERIC—HREL 9. BRFRic5| &
FE o KEREE~OEERLIHOL ST
BRI EEG | AR T8k L EE(d 2
L tsofe, ThBBEETHVLVTVLAEY
BIZDELAADOEREL - TWA, FI) N5
4 F MO LEED DI BG L 1o, 4
CiIcioFEL LTEDNE LT, &
3B 12§k & L 72 (Bank for International Settle-
ments [1990)). COEFEFRIMEERICL-T
ya—~u{btEh-EHEREERm Y AT LENMLT
mEshiz, LPLENS, FUNFo7TEL
HIDIFHIT Y Ry EhCEETAEUT, YR
7 EDLOHEL LB hIF TRV, BIBSH
ok 2 AEEHEOEMAEHLVWY A7 0D
FEEATEEL, TOY R EBTALMIC, B
FERER O S RERICEN ST 2BL L
1980 LR, KEIBWT, MERITHTR
EEE, M&A, HEESBIICHERL L (US
Government [1991]1) S &ic kb, TWEEF
EADEEMBAAN R - A1) 57— DR

9) 18440 DAEREHGITIE 1989 Fi4H -+ -1
Z O WAL G5 40 i€ L 2 (Bank for Inter-
national Settlements [1990]1). < @%ii 1998 4F 10 A 12
1850 1L5RFMGEL, B - - EA0NHED
60 fEEIBA L. SHUL, 1BEAETTOAKTEME,
)2 o [EIRE LS L A iERATNEE R TU RS LB
L, HEAEEE L EMEROMILHFOMEL LV

ZEERLTLA.

—_—



HREEY v —F 1 BREFE2EB

BIEGE s B b Lo, & DR S RTEY 14 20l
RIS > 72, SBEEIE 7)) 574 7
FRFEE BRI ER 4 2 &AL, MEREVI
Bl L&YV, BREZML B3, ol gl
B4 —2—MW5 2, BEEso8lsk
Wa, DR Z B EREEEGE | 0 78
BEELT, N7 AEBERTS A DAL
Tt L LS, ORI, &b
(& FW) OB R L 5 VTEM 71
NF o THE| 0K, EEEE, BiFo%slio
LORFEohOBEREB L CRETELEET
BRd 3.

FNTF 4 TRENMTY FOERK I TE
Sh3DTHEELELTHS, Lol, T0k
T, ENARRETICE-THEMa v Mo

—AENTVADLFELY, £ &R,

TRWDA, FUANF 4 Tid, SRTISHGH#O
FEFEIHLAZE L T e ic i Bemigic b -
T PTEFRICHETENL T0BET,
TTIRAYy YLEVRIBBET) 2% 412150,
ENWA, FREFYAT s 7EMRLCHEY
~y VT AMLENECZDOEBOATH S, O
ALT, FUV»F 4 7OWP IR A LEAL,
BRBELCYTTS54ro—-vicilihoni, -0
BAET, TXTDOFYNF 4 Thad )R 74
Y, ThWwi, FOL5LEROETRE S
WeNnF—FOREEIETHE 10, oKl
T, EFAROVLBLESGNEY 7754
LO—VYIERECFERTH S, ChHKETRE
LA-HREREHTH 2. LRRMOMNTSIRE
ENFEEO(BDENMTACLLOT, TOH
EREHAICHES LBES B LTV S,
LoL, COEERECEL, §9F )54
TEEICRFECHLTH 5. BTOTEIHEL

10) #7754 40— v gREICRIESMICERIEN L
WEHIEHLTORBE(ESNT VA& 80T, 0
HEHETY A7 4 7E LTRBBTHEYICY 22 0L
HREEEMENBL5 3 (http:/felectronic-journal.
seesaa.net/article/105082636.html, http://d.hatena.ne.jp/
horiiB88888/20080920).

MEEZGT, TRTOEHES, BALEDT,

MEICEET ONE EELTF Y ~F 4 7THEC

HEFL: SMEGHE¥oy s - £¥—LEEOT,

AR R E T h b mEEs £
e, zhwi, koFy.<7 ¢ 7ERECH
HIEBELMIEYRR - w5 MOEAEE
RERLTWE, 20k 5 R ET» ST
LIzl TVWa &0 3 WEAS HIcBIFOEE
OMETH 5.

3.3 WMEHEL: RMSBEE

L= AR, 1982 E0EFHA
BBV TInHa e EEE, MERE, 1> 7
L, BE REORATH B LkHoTE
(US Government [1982]), %, ch % ‘L
—H 3y PR LIRS, BB A v OT
YEERD o OBBUSELE, NS EEFEEE
THEHERHEL BRI EH, Lobid, #
BN SRR S H ot R BERRO
FEE> < -7, FHEHERHER, BESE
FEERPTICIERE L I8 SR 2 B L 2o o sk
Bl fe. 1980 %, EATFHFROEFIFR
ReEE T KE,SHHLAERE FLRED
TIRAENTVEAREEE Y, HREKD
EEMEEOREICE > TE . ZOBENS
BITEE—ARIC F VO FREEREIEL, Zh
WA, RlFRIEMIEIAE (ERHL, BENe
RET IR &R ED, SORELE - ThEE h 7z,
L L, KREEFR, @4»0BRELTBF
Wiz & - TEH OB BIFRT &£ HBUGERE
E77AF VAT AREERLIERICE SN S,
BRELT, REGEAEEOBEICERL,
MSEICERE L, Chiz, RBgE»DE
HICH - FAHERMBEE CHE LM OEL
FERTH B,

—7, KEIOENEKRZ, FAEEREER
ME|EEC LAMBEAIC L 22 uHAIC
Lo TEHFNERY, MEGRELHBFRTENE
mEH L, KELEIZBHSEMEFBLT
M&A 1T - o, THBIT EIBEHRTIE M&A

_8_

DD o — rEREEL, LoLy YR
T TORMESRZTANCGLLOT, &
B ES—-EmEs his. ARIEEOR
1, BEXEMO DR +E, FHE,COIAR
KET B LA IED, T OEERGET L,
FFTETO—VICRET AL S IC-k. T3
LT, REIEKEL - 2% LDTN
IR THERICHRT I EVWIEEEL LTOR
FERBREERTTLE > 7o 1990 &K, £
CO¥EOLEER, VARFIIZFLY S

CEMPFREEHENEERREORBLEAL
foovic, WERAE D R MEIREETL, B0
FizgAERk L. BEEE ABHIE, ERRE
BHEDRRE, G20 bOXHUEBWT- ik
xd2—HT LESA »~OMEKED
BEAOEA, TREHFIOEELSNERED
BWicL->TMEAEBVIEL, £hEVE
moHREFETLILOIKA /. TIHLT

REEF I 1991 F£3 AL, GDP A& 2~
4% DEBOBEREBERICA -, JOMKE
i3, £&LTRERFOHESRERMBEGRICX
EahfavEa—¥ & TOREEEOSFIC
53 EMEFDEORGEMNLAIC & - THR
ahi, HMFOEBIR LMY —CRH
wmHlganioT, BREILKL, £¥ERE
ETL, BHEEBIIEAL:L. LoLAns,
EEHESEML I, - ko ®, HEOLKE
BAEBEOEKICEFEL TWLW 1D,

KEZ 1998 FEIc B FRAERL 28, C
ik v €5 051 v ORE(bIC &5 —BIT
LDTH-7. ORRIE, FEOLA—FH
BEHA EAEEOMARN, Tab5EM
DHEM—EMEERF O IR~ FREOILA—
LVIHEBREZEMLL. TOER KERK
Bo FVEAERKEHE2EBAM,
hd, ERRMIRBNERIG| 0K s EEEER
BB A REEROFRTS 5, BT

11) EREfisEkL, 198 Flo @ REAFFER <17 AL

ot

SEM  PRRROREZES

T 5o |ANInT 5 &, B SO
MADRL &lEA~OEREREIZE - T, Fv
CHMOTEEGIZFREC LPT L. ThYA,

KEEFF G, FATEOLEMS W LT 5
&, KAt FHick - Tl AfERD S &
k&L COMER, KEERFSAERE
Eiok-TEERIsNE ) 27 E2HAEICH
FERHBILICUNBDT, 5N« NF=FT
H5, BRHichblsBERECLLIbET,

KETFHBIC B AMREEEL 12, PERR
LTFoAx DEFHRBKBIZETLE, COX
IR T, BFERCEAE, KEEES
AR~ fe & LThfoisMLIEWL, L
LEOFRICFI EfronciironBE
HUEEE, KEREEES K 7574
FiBEE N, 47754 Lo— v ~DFE
I {ERR S E RS AR EREEIT S 10l
REFERELY, XEEFIREIRRER
KEBLTOW -7, LhLads, CoERIR
A2 DEREFIEKELTVADT, bLETOD
ERMO EfUkbhis, ERAEE ¥
7oA, TEhLERENECY, ERL
&R - BRERMEDNRESTS. Chi3, v7
754 LHo— siEEEFEN RN ERE
BELTHERAVBELATVWALOTH S,

4 THER : ANER

BRI HEEE T OIS & Ml EEEEE I — &
fbL-BamEs LT, Efichi sEERE
ZEpk L7z, BELMREN TV S, 1980
EALIE, FERIMCERESN RS BROH
HERTRTEREZEEL, ERORBIGIRT
ZERLI. CoRiRREBMEEOSILKRER
B4 5 EEMc, CROFEREELEERICH
s bE bz o L, 0V TIik e oRs

12) 5 WERR. OEENRGC XSRS T 2 bR
O 237 F ¢ )y PR 3RER TR -
b, @iEA D S REHIE T RAA TS 5 EWO TR,
TH-I,

_9_



BEREY -0 @WeBm2S

iCE TREEESA . —F, BHkERNEED
KN HE&E LR EL THB 7 — L %8| 242
L, Thwa, £ELHRESELLE: ®HE
RECERAFPBBABELE 2 hIcBA LS
DO, CORESEEE T OHEIERICS -1 &
SABEAHD. IOEKT, TOHERR ‘B
mEE TH -7 (Matsumoto [2006] [2010],
mE [2007]9), UL, 4B, BHFECOE
LR EHEEHEL, BROESKiEET|
ELFa~EBTH -7, 58, EBFE, Co
HEMERERASE AR E B s i
AL, MESEF+rv2%5ELTLE-F, C
N3, BRDILACEGEED, RoicbEMicbhi»
THFEEhI LHSIHEELTERIT LV
MBWEH TS S,

—4, Bflicb i 5 BESTIEGE & BEIEH
HiR, TS BEEOoEBBEELETIY
BFEETHELROMAICRAbES I ok
=T, BEMEA 71, #Hbs ‘N7
EhEE R, THLT, TN oA
IFFERL L, PEIREEOS EEEENSE L -
TAM2 SRk,

4.1 FEBRIHSEHEDORR
hERBEHEERRESXLEFENEs0UHE
BEZEv=7 =2 FEBIFTI9824F 11 Hiz =
#—tLt kEOEVWEHOT, BEiE
180 ERMBERTEOBhRLza WS
(REERFREIFT [1984] [19881). [E8fIc, Mo
OTFTT, BAFEOILKEZRDEE LI, K
[Fidffis 2 BRAMELZH U zodhT, AH
P EMAREE (=7—/vv - Vi o4 v R)
RGBS BMHE (=0 v — i) i [
]| OFEE T hCHEL RROBRERE LTk

13) 'BEWMKRE L3, S OAMRMEMNCZHARS L
WHET, HBRRSUETEEASTAFTENEL
T, TOS RERMICERNT 3SR RE
HETHAE LhLurs, ToREORELESEHS
CEEHELY, $BAMTO MYo—rn(k] QB
W BEEEE TS5 (Matsumoto [2006] [forth-
coming], #3 [2007]).

ERREEER L. COHEoEEH:
b, BUFEREARERM Lk, MR
ELEEZAAT, i TRASH OB
BIRSEEICRAL, CHIEREIEORIENE
Wifh & IO R EA Y A48, &
EOEFENRLZEL TELM Y AES iz
Catizd [1988-19911). B+ 31, CoOHEFE IR
M7 ] OF|&&72 -1,

4.2 EXGHESNZBEFOLLTOEEZEEOEL

BREEBNERF, thwi, kELOEF
WREBEE, & obid 1980 ERLIE, i
[E8Y7 3 2 F AR E ME#2ic3d4 3 fifEn
WREORETH S, T OIBFEEE I ERET
HENHROEER Lich 28I TH 5. B
HHESEFLRELOFENBEBEHICE-T
B A3 SRR AR W 21T 5 —F,
ERETTS TR, EHNTRIEREIE - e R
FICHBAp L (KELAEREE£HE [1987-1989]).
A ST 3 i iE/ LS 2
RILKLTW S BETEXRLERSERLLT
Wofs, LaeLiahs, Boidie LTEA
DEERNEZEREL, o, BROBE,SBE
TAHIENTELN-OT, TOHEERN
HEEBRLE(EDSANL 125, ZORKR
(2, EHAITHEHL F S 4 FARES S OB
FHEAEE S, BUcERRRAEILE ¢ 5100
KofclEEFHLTVWA, FICHELNS 2
2 FEIEEEETL 20T, BRLHIEREIC
PELEHEEEINCHBASEREOES -

14) 1984 FLIE, SEOTHEMRA & EHERESUEN
ER RN EOBFEEMA, B GEENL 1989
KHRBKEE -7, ST, fxid, 4B, BMoS
WaMEpos LT, BAKHLaEcEmL &
EBLOGER SRV, B2, BATORERT
DERKIEH L o—vickTEHEATWS:, o
DOER, ENLEEXEFRACBXLRREMOMED A
hATELCEE@EL TV AN, R, ATIRET
ENVARFROFHE LARLTV S GEFE [2000], &\
ft2 [2010]).

15) EEHOBNESREEG 8FLELD, BRng
EENZHECETLOTH - 72,

TWwi. BESESETEMEEL L TOREE
EHRICEEE NN, ThakMio B8] &
o l, Thwi, CROGEEBRTER#IC

15 -7z,

4.3 SREMOZTETHOZEL

1980 FERICA D, BRBEHOBIREIC
FoTEENZES v 7 LEBS T 2EBHI
(0T, BRYFRAT® 2kH3i
DIEABEDO FABOWET- 1, TORHITRIT
ENFASEZERTIEZIT LML > TV,
TBROELZEZMV EFLF AL — v a v
FtBHE DT, vF— #7514 HEHEI
BmLz", HELERTECORREZ N
FIAL, FELTI—0 . OERHEIBTE
O RFLEEDAN, FANTELELE SIE
BB . B, AREEEELICL
&> THRITICHERZ Lo F v Y AEEA K
EdThsds, COThERE, HFOSEERIEE
Bic tER, SEH o AN T—T hdfld
ELESENE0THEFEREDAEDE LD
Tdh -1,

REZERFHRSOEET I 74 F YATERL
DT, FITEREMESE, /vy, ¥—EZR
EE~OBLfFE2UEICILAL L.

4.4 FERISHT BT D &I FoER
EAICERAEL TH, BEATHMT 28

EHEOIRD, EERFIERER S CEERATL,

Thwi, COBRRFERIRSRIHTE
R T, BEAbs g a0
fo8 AT, 1997 HEOQ T Y TERERIC &

16) BENBIKEMBEESE L TMALL hi,

BoMREOHBFFRIC T r A+ ¥ AL EEEHKT
a8, BICKLVOTETEMOATERER 12,

1T HRELT, v32—-+7 34 (M2+CD) DmE
13, 1987 LI 4 EURT 0% LLEE R~ 1,

18) TEmFRZEFEINMLs4-EL2BER OREQORKD
X ZRROMEL OFEACED, > LIFEREC
ZELELOTNE, ORAREOTENES L HEROE
FRETODEIC LS FEREORME(L, DEGICDbE

SEW  TRTROFEEES

37 ¢ 7T EEORRH B AER ICELITEE

5z j. HBITIC ofEigic k- TREERICKH

- it RIS HOMEE L, BITES

ST LD & MBI R O OBIRREIR S &

D MEEREE I & 5 BN O B T EE

ATV, COEHNSHECHEIRLUTO

LI TH 3.

D 1980 EROBEFEO L i3 HER, EE
ErO>RELBREOFERTHY, TOHEICE,

@HEEE, ER £RERAoWEE S0, ThH
R4 wbic,

QT & AFE T ERBRICH L, TRMES
HHETAEANBEEL ST, TOFE EHE
L, BgEsE SN a L, BRLLN
EE, THHEHREFRALTHS ZH-
1219, WoiEic, BIRRRITY b5
SRR, BFOXBTHEESETIc L
b od, BFFERITERL CBESETV
LV HiEfloswEERFELTHW L, HFO
SEREFLTOMBECHEI ATV
Cbhhbod, RRIEOCHFEMNIR S,
BB Th, SRHMGE, ROBRERCE
LffafeLih, REMESTSHD /
yrvsicBLAEY, TEMBERLOLHOD
SNy EFLRRILLDTAEE,
EEEEEAAVELTVE., ChiZERE
BoEY s 2 mEtd 2 A0 T L s

=¥ 20,

HBESHHEESARCHEEY S REOMVWENCL -
T EECENAEF ¢ ) — b L= FO LS LIERAT
Sk, QIRITEEN S ESC O EERE
OREMEELETSHS. FiHc, AXIER 1AL
7F 40 v/, FRROAE, MECRFEUHRL L TORE
ERZERL, Shp K iEln 28,

19) EAFIE, 1998 4 11 B RBES LM L L T 16656
DAMESEIEAL S, 1999 83 A IS T2 2R
o L ERORKEAZTO, RITOMBEEZ 6 & H
fugbni:, BIRMEMBBICEA L 2 2023 1998
E28m30kMA 5 1998 £ 10 A Iz (2 60 LM & L
iz

200 FHAERIERETREREA 28340, TROEML
1= & 3 A EUF O BT R &R R e L BT RNaK E ko
BT 3WTATH 12,



BRHARI+—F 1 FREW2T

ERELT, BRBHREKOMERESE
ABEICE>TLE -, BEMSZDLS K
RICHE - 72 D B OEHEEE OB Itk 5,
B ] sBa3hoME & LANES 50 &
134, FITICHEML A ABMHELAIC L TR
HEMLUBICREERRET LicL, ERc
RREHELERS €. BFEETFOON
HSFUBERES N - "= FZDHDTSH

5. CORT, BFERITICRERSEENS 5.

CCTRMFCNEHEELC &1, 1980 E 4
DEFICBVT, #H, BiirhoslTiEE
BAROMEIBRENICE LA ETHE, <
OKREEEBB T v Ea—% & MEER
EWENCFRTII LItk -T2 bilsh
o, BEOYHEHREZ OFEZ—DD Y27
LOPIZEAAL I ETRIEL TR, 20
Wiz, BEsk, BERENCIRMIZH Lh o
EHERELTED, Thwi, SEROEES
NEESEASHOBEHEZZR > T Lnl,

AVEa—FIEERICE { OBEEE T T,

MLOUERHER TN TO®EEMH—DDa v
2= DOTIRFEEEN, EEoMirtkhig < u
HE& DIk 3. MEEilfiE Cofhiin
EL, BEZEFE, HFoEmbeHcsuTi,
ABBRLIAICEHIZ bOMEVWETIoT 2 b EIE
BEALZ LV ERTRADEENELESRL
o, HVBEEFEFLVWERCEERIZ0
ICHEVLEE A, Z, FHic, Hlazrox

21) BUROAGIEMIL 1989 3 AFiciz 161 kMizim L
EUFfi 15 RE DR E5T LA LaL, Bffid 1999
EIARICERTRMITR LA, FHcdT a0l
L IBA% £ 2o, METRTIL 4349 IS8 S AR,
N, (REFL-EROE>BEBIA) £8%L, —8
Lt S I EMOLRH242% TH S - &2 BW%T 3,
=%, BEF: Higs - -BRESES BBELGR
B o u 3MEREEORE R, BELABEOT O
RENEHIDRELTFAR =V T -t L—i
s VICXBERICE ST, FFEILKE -1

WEREEETH, HVIESETEFEHVT
bRIAEHT B EMNTES, S5, ave
a—g{LEh BRI, F0hEEMoELT
b, BBIco - LTHRHEctaESs TS

ABBEMBIC S BT EMNTERL SIS,

PEHFHETE VWL THE Y. 22y, v
Fa—7EMEEREERELAEXE, —8B
2 Y EFohic s, i {BEiIctRicEy
D, MmAaHOMINHRTRIcELEEINZLS
iZHB, TH5HBE, HEzR FOLVWENE
BlFicETT, SEENES L THRERET
2 Th, TOFALKMELMH /2o X + OF
IERIZEADR WS St 3, BEMSHVLER
EFLVWERCEESBmALZELTS, hos<
OEE SR O%bhTHESS, Thwi, <
DEARROM - 727207, HEROBZRMEL
BHTERLBTVWESS, REOHARRR, L

TENWARKBRDORNRIELZHEHEEAD.

6. ERFRENS OHI—TF—DYICRZT

SETCHRUETEANTLBRL TNICETE
AR ORE O 5347 % 3G O M b 1A L 722
RIS - TEHLTAH LS.

2@ 0H : FrHEHOEBTZIFANE
DIERLIDTELZLDITRATEVELEN
HEbds ThwR, 574 F7HELICE
CEHAMORTLAEICE, FezToRa
BleEEECELG TR SHYL, Z0iE L
ALBEBCATHECEACHEEERET
EHEZATVWA, ZOoHFT)—ic&h 3
TAFTELTHR, Yo—rouft, HEBTER
BRI, WEEN, WHESEEE, TE
HIRTIEE B 2 B EMEE W, C0L5

22) CCRBEAMLEN LEBbhD. SHEGTEATNG
B—RICRBERAELVWEHELONZESS, CORN
BSRASAREII L. #BIFMT I L 42 D2 1980 R ORHE
Ofti L7 (WEAELHRCEIAENE) Killits
T CHhRLDBHRONUKHNURTIBEEEL, BAL
HERFEEAMLE, ChTHFREEBIU-12&
JIREULaAMbLanv, HiEER RrEBRARES

TAFTHBMT S E, HEFRACEDNL
WEAEAET LIS,

CO& D RTICHT B oic i, BEFFR
GHAEE & EMMEE S 2 HAGb YRS
HEFHEEL, BEEELTOMBORAL—2
MEEREKALENHEEAD. CIT, B
HEHERREOMEORRETHY, EYHEE
BEBMEEIC X » TEL AF < LB OEHRE
ThHad COXIUREHELEETSICH
- Tid, BFEHEOBN SO~ DEHI
4 (well-being) DERICHETELTH 3
W RBEFEFRDEICLLRALEND S,
FORLHOERMBEL LT, FIAE, A
K. & v OBHEESE (Capability Theory)
&4 b4 v i (Entitlement Theory)
EARWIEBEEZICHL B A5 (Sen [1985)
[1992] [1997] [1999] FAHBHE)
2E2 0% - fEEERT 2EFREICB L
Tk, BA0EEZEAE L TEVWEORRE
JEALRVFRELELLEY, Thid, £bb
i, SREGICYTIEES, AL S, SR
Blid€ay b - F—LEMOTHL. COEEK
T, SEOF ) A7 ¢ TRIENER TS 5. B

OEFEEVNoBEHYTABRBAOZBICHVWTVWADLEFEL
CEEEHRLTVS bodtabhheT(BAid, &0
HOWEWHIZHSH, TP INPFObicg L
AVWTV3LI34b0THS, LBLEBFHTZEISIC
HBALBFUTHI2 o, AAOTHEPHREEICL
i3, RMSICEA®BTH 205, AE~ORERE
Bpbicg@lLT{ L, MBLATHERERRIVSD
BELTTRMBICH-TLEI. LT M(EF
HLTROWERTY, dEBFKOXELLOZ 21
B@iohdic, ATV BaORTIK, FRE
HaThbohilloazr o ridTEiuns, BRE
BT TREEORVEPIZA LYY vyORBOS S
BlizguTlLEI. -%h, BlinElEbc L oiEh
PHCBESADFZE 2 & o © LM EMRIZ R IR0REI
ot THS. B sic, Bk~ THEEEELE
TELDTHA.

23) CIRE—BAROBELZHETILVHIERTOR
EEXBLEINE HRFEV Y+ 77+ 1 ORBIEE
Buwh73ryERFBHETETLNL, SBORVED
FZELLEERRPERCHT S EEARO 2 22 7
EFRAEASHES .

SRR PRTROFRETRS

FEEIShDHFETT Y F + 7ORITICHIR
T UEhH 5 W5
B3 0%l HekFrsvTE, AcfDH
WrDREHH, LA LBHSEBITHIEET-T
W3ELTH, HEMICRFREEBUREILES
LW T EMEHB, HELLFN, LERE
BEEFBELTN— by 14 w—cB2RAD
TEABREIEETH S, UifELTIR, 7
Y57 4 TOMA, #7754 Lo—rDIEE
BRI WMEHREORIEIT L, RS SRTEH &
Vo kLB HENNTHTH 5. EHORER
EMOBEICSEMEDT, BELTHRET
FAGBMAEG 2 CTHEIFTEL, EF0 -
N K ThBAE, EFN s NHF—FETF 2
g PEIREEEHSB L HTWEDT, —BE S
W nHF— FiClEd EIEEICET O RIERE I
LL\ EE‘,_
EEMCRTRLEECHFORIIZERD
BWnisHE (well-being) (E&E - BHRESFE 2
ATHEV) OopEzEsc&THE, LichH
2T, BfRHEIEORSZHEICI @Y
TEE2E2RETERMMLETH S
BHMADOHY  HETAFTEERLLILT

24) REFMICE, VAZWEETERNSThICELAC
G, LidaT, FUNF+TRbThEHON
WHE~EEMHE, JCTCHMBEROER. FUAF TR
TOTEBETHE., boLtb, [TEAFRTN F ¢
FORTLUM L EHTET 3.

25) SBOURSRE - BEREREBEIGIDELAL 100%
5 3 RN EE0ERSHZRFT SERENF
ELUuVWERS S, COLHIUFERLE-LKEURE
D—-H, SOBFARENEET8HHRE0ER
ILHh5, COFELE KBOBEsSHSALLSIC,
—oOMECBES, TERAFLLIRENLTHY,
TAMRERBL TV AL BREFCEANTES, S0
HNITEBELYWELRET S BiButs
MEME A, BERREQHELEY, —OTAFTE
LT, 4AQa v Ea—% - Fu bT7—7+Y2FLE
SEIRBIEE ORE Ll AT & - fz (ELEE R %A
Sha, CNRELETAFTOBRRBNN HEESIHRY
t4, Matsumoto & Mlodkowski [2010] Z&BBahiv,

26) Kantarelis [2010] (1, 20 Fic b5 EEHAFTIc XS
E, GREERR LobEREFROSESWENICEY
BEFL s ~nH¥F=FilaoTHahZEHohIZLTHA.




BEMESy—+ FeHEW2EB

B&, WRMIIC, TOTA FTIC- - EiEER
BETICEICED, ZOTAFThoBEY
BB, b LEhEBEEMBEKS I T A
A5, BBERECEEL-LSIREAS. L
L, ThiE, ZOTAFTHoBEAROEL
EEROLVIRIRTH 54, FEic, Blo74 7
THoRZBEICRED THEOBEVRIETH
5720 TRL, BEOEbicd s EHfHon
WIREEZ THH B, Chid, bLHLAEENS
FNICHRETENS L, oA ThHET
mElic@BcEHETH & LTh, S
ZIEREE b o4 2 LA EBET 5, BRI
fli, SRERAEEORBEICS T 5EH
EEECE & ERAHREMRIETS 3. &
EBRVIEBRELAHBLEVS T ELELME
2R EEITHEAS,

Eficid, BRI W TIREKORS/
FFMEBEECESE S vy RO ENE (BAWVIR
BHoLni) HERRD 2R EEEMNEI
HETH5.

BE

Arrow, K. J. (1983), Social Choice and Individ-
ual Values, Wiley.

Bank for International Settlements [1990], 60th
Annual Report, Bank for International Set-
tlements.

Kantarelis, D. [2010], Theories of the Firm (3rd
ed.), Inderscience.

Matsumoto, Y. [2006], “Real meaning of the
Arrow type impossibility results,” Waseda
Journal of Political Science and Economics,

27) CoiRER, ERCHMETEsRIEH>TWEC S
ERET B, FORRES I, HEICHBOEKE
W RIBLEE-TLEW) BFEELTVELEVS LT
55 COXINEAFRIEAFCR—BicEHREN
TVAIETHAENM, BEFLBVTH—ELTVE

V. FERESTHEOL sLWOBERMNFETEANT,
CNASROBREMACRAELRBIz L5 THS 5.

SERFERCHEMN LY — LIRSV - LENE T
RRAZH-TV20T, HREOBEMEALHNILEN
MITREURBE LT 5 EMTESERS,

No. 363, pp. 62-91,

Matsumoto, Y. [forthcoming], “How was the
Heisei depression in Japan caused?” Global
Business & Economics Review.

Matsumoto, Y. and P. Mlodkowski [2010], “The
National Private Multicurrency System
Setup,” The 9th International Conference of
the Japan Economic Policy Association,
Waseda University, Tokyo, Japan, 27-28
November, 2010.

Sen, A. K. [1985], Commodities and Capabili-
ties, Elsevier.

Sen, A. K. [1992], Ineguality Reexamined, Clar-
endon Press.

Sen, A. I [1997], Values and Development,
Harvard University Press.

Sen, A. K. [1999], Development as Freedom,
Knopf.

US Government [1982], Economic Report of the
President: Together with the Annual Report
of the Council of Economic Advisers, US-
GPO.

US Government [1991], Economic Report of the
President: Together with the Annual Report
of the Council of Economic Advisers, US-
GPO.

LR - BRI - SHEEXE - KBRS - RERE
% - SEY [2010], MERCRIR) XEE.
HAEATF [2000], MRKBXEES FHRI B

2EM.

AEHERE [1987-1989], TAREAEREREBE
] KREEHBIRE.

ZiEeET (1984, 1988, 1990], TEFEO®] KE
HHIRIRE.

Bikd (1988-1991], MR E®E] KEHERIF.

A RSE [2007], TEERIEEOGRAATEEY: & RES
— T u-—O—EAEEERE0E&—] Ml
AR TE AR otk &) morsE,
pp. 19-43.

DxTHA b

http://d.hatena.ne.jp/horii888888/20080920

http://electronic-journal.seesaa.net/article/
105082636.html

— 14—

[FeEFhER]
Why Employment Promotion Policies for Older Workers Matter

TFHZEHE ket
Hideo NODA, Yamagata University

Abstract

The aim of this paper is to clarify the relationship between population aging and technical
progress. The framework of this study is based on a model of endogenous growth with ex-
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velopment activities of firms in response to their profit motives. Our model implies that the
rate of innovation will decline with population aging. This phenomenon can be interpreted as
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find that raising the mandatory retirement age has a positive effect on technical progress.
This suggests that encouraging the employment of elderly people is important from the per-
spective of promoting eccnomic growth.
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1. Introduction

“Live Longer, Work Longer.” As this title
of the Organisation for Economic Co-opera-
tion and Development 2006 report (OECD
[2006]) suggests, promoting the employ-
ment of elderly people has become a key is-
sue in policy-making in OECD-member
countries facing the inexorable progress of
population aging. The population of Japan,
in particular, is aging rapidly, necessitating
urgent policy measures. When viewed over
the long term, what effects does population
aging have on future trends of the macro-
economy? Although various arguments,
both optimistic and pessimistic, have been
advanced in this regard, no clear consensus
has been reached to date.

As implied by such terms as “knowledge-
based economy” or “knowledge society,” the
economic activities of major industries in
developed countries are becoming more
knowledge-intensive. Innovation is a prima-
ry driving force behind economic growth in
a knowledge-based economy. It emerges as
product changes, process changes, new ap-
proaches to marketing, new forms of distri-
bution, and new conceptions of scope (Porter
(1998]). In addition, it is noteworthy that
research and development (R&D) activities
in response to perceived profit opportunities
create innovation, which is accompanied by
the accumulation of the technological
knowledge that plays an important role in
economic growth.

Considering the points outlined above,
population aging and innovation are expect-
ed to constitute key issues that cannot be
ignored in analyses of today’s economic poli-

cies. However, very few attempts have been
made to study the relationship between the
aging of society and industrial innovation,
and consequently the growth performance
of a macro-economy. Studies involving the
economic analysis of aging that have been
conducted in the past are dominated by
themes related to social security such as
public pensions and health insurance. Social
security is unquestionably important in its
relevance to aging, but where the aging of a
population and maturing of a knowledge-
based economy are progressing simultane-
ously, gaining insight into the connections
between population aging and technical
progress should also be examined from the
perspective of policy science.

Theoretical studies on the influence of
population aging on technical change are
nonetheless extremely rare in contrast to
the vast collection of studies of social securi-
ty systems. Furthermore, the mechanism
behind changes in economic performance as-
sociated with population aging is yet to be
adequately understood. The objective of this
paper is to provide a tractable framework to
analyze the relationship between population
aging and technical progress and to derive
economic implications that should be noted
by policy-makers in those countries con-
fronting population aging.

Earlier studies addressing the issue of ag-
ing and economic growth within the frame-
work of macro-economic dynamics include
the following. Pecchenino and Pollard (1997]
developed an overlapping generations model
and indicated that population aging does
not necessarily have a negative effect on
economic growth, Futagami and Nakajima
[2001] generalized the framework of Pec-
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chenino and Pollard [1997], and confirmed
that an equivalent conclusion can still be ob-
tained. Zhang, Zhang and Lee [2001] ex-
tended the model from Lucas [1988] that
addresses the relationship between human
capital and economic growth, and found
that extended life expectancy would have a
positive effect on economic growth. Eche-
varria [2004], similar to Zhang, Zhang and
Lee [2001], developed an argument using a
model specifically addressing the role of hu-
man capital. However, they pointed out the
possibility that economic growth would be
promoted only when the extension of life
expectancy was accompanied by a longer
work period. Futagami, Iwaisako and Naka-
jima [2002] showed that aging would have a
negative effect on macro-economic growth
in the context of an R&D-based growth
model.

The marked difference between the pres-
ent study and preceding research is that it
considers the role of human capital in addi-
tion to innovation. The argument 1s devel-
oped in this way for the following reasons.
As is well known, improving workers’ skills
15 in demand more than ever in developed
countries (OECD [2001]). Therefore, human
capital formation has been increasing in im-
portance as industries become more knowl-
edge-intensive. This suggests the necessity
of developing a model that treats both hu-
man capital and innovation as endogenous
variables and reflects the reality of a knowl-
edge-based economy. In most existing stud-
ies involving a macro-economic analysis of
aging, however, either innovation or human
capital is emphasized while the other is ig-
nored. As a result, the modeling in these
earlier studies gives an inadequate reflection

of the essential characteristics of a knowl-
edge-based economy. We conclude, therefore,
that the results of the analysis presented in
the relevant literature described above lack
sufficient persuasiveness.

In this paper, we extend the model from
Noda [2007b] and apply it to an analysis of
government policies such as those for em-
ployment of older workers and economic
growth?. Specifically, we treat one aspect of
technical progress, focusing on product in-
novation as the creation of new product de-
signs for consumer goods. We emphasize
again that a policy-oriented analysis of the
effect of population aging on technical prog-
ress is a theme that has been overlooked de-
spite its importance. This observation is the
starting point for our discussion. Therefore,
the present paper can be considered an at-
tempt to fill some of the remaining gaps in
research on population aging.

The rest of this paper is organized as fol-
lows. In the second section, we present a
model and analyze the connection between
aging and technical progress. In the third
section, we examine the policy implications
derived from the model. In the fourth sec-
tion, we use existing statistical data and
empirical studies to verify the consistency
of our analytical results. The main results
and conclusions are presented in the fifth
section.

1) Noda's [2007b] model is based on the [ramework
introduced in Grossman and Helpman [1991, Ch. 5],
who did not, however, examine the relationship be-
tween population aging and technical progress.
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2. The Model

2.1 Households

Let us start by describing the setup of the
model for the representative household. We
consider a representative agent who lives
for a finite period of time 7. In this econo-
my, individuals in age groups ranging from
0 to T are distributed continuously at each
point in time, and the density of individuals
in each age group is N/7. We also assume
that the number of births and deaths are
equal at each point in time, so that the total
population N is constant.

Two types of workers are considered. One
is individuals equipped with skills to engage
in R&D activities, while the other is individ-
uals without such skills. Individuals of the
first type are called skilled workers, and
those of the second type are called unskilled
workers. For convenience, we use B to de-
note the set of worker types, with skilled
workers designated by A and unskilled
workers by /, and so B={h, I}. We also as-
sume that all individuals retire mandatorily
at the age Z(<T). They work until the
mandatory retirement age of Z irrespective
of whether they are skilled or unskilled. In
the present paper, N, T and Z are treated as
parameters.

We consider a closed economy, with indus-
tries in two sectors, the nondurable consum-
er goods sector and the R&D sector. It is as-
sumed that unskilled workers supply labor
to the consumer goods sector and that
skilled workers supply labor to the R&D
sector. Unskilled labor is regarded as the
numéraire, so that the wage rate paid for a
unit of unskilled labor is normalized to 1.

Skilled workers are paid for embodied hu-
man capital at wh(S), where w is the reward
paid to a unit of human capital and A(S) is
a human capital obtained by devoting a pe-
riod length S to education and training.

We analyze the consumer behavior of
households based on the settings above. Peo-
ple born at time point « are called genera-
tion #. The lifetime utility U;(«x) of an indi-
vidual of type i from generation « is given
by

U= f TR0 Dk, Dt (1)

where p>0 denotes the subjective discount
rate. In addition, InD;(x, ¢) is the instanta-
neous utility of an individual of type i from
generation « at time ¢. Consumer good type
is a continuous quantity.

Assume that the variety of consumer
goods that are available at time ¢ is speci-
fied as the interval [0, A(£)], and let p,(£)
be the price of the j-th consumer good at
time t. Households recognize each of the
A(t) consumer goods as different items, and
so product differentiation is assumed. The
consumption index, D;(x, £), is formulated
as

Dilk, ¢ =[ [t 0aff, @

where x;(x, t) is the amount of the j-th
product consumed by an individual of type i
from generation « at time ¢, and @ is a con-
stant satisfying 0<e<1. The elasticity of
substitution between any two consumer
goods is 1/(1—a).

Next, we represent the budget constraints
that households face. We assume that
households may freely lend and borrow at
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an instantaneous interest rate of r(¢), and
that no assets or debts remain at the time
of death. For an individual of type i from
generation «, total expenditure is expressed
as E;(«x, t) and the sum of the discounted
present value of income acquired is ex-
pressed as W.(x), so their intertemporal
budget constraint is given by

[“Telrosp e, dar<wile). ()

The constrained optimization problem for
an individual has two steps. The first step is
to find the quantity of each type of good
that should be demanded to maximize the
instantaneous utility for a given expendi-
ture. In other words, a household of type i
from generation « will solve the following
problem:

Al L
S ulk, £ “dj n'
max [ j; xilx, £)%dj
Al)
st [ pOxsle, Ddi<Eils, 0).
o
Solving this problem yields

o LOTTEG )

Al - 7
f Pu(t) *Tdm
o

We express the number of households of

zulk, t

(4)

type { from generation « at time ¢ as M,(«,
t). Based on the assumption that the popu-
lation is distributed uniformly according to
age, the relation 3} _ M:(k, )=N/T holds
for all generations at each point in time.

i€l

The aggregate demand of households from
generation « for the j-th product is xz;(x, )
and the aggregate expenditure of house-
holds from generation « is E(x, ¢t). That is,
x;(k, t) and E(x, t) are given by

e, =27 Milk, Dxulx, O, (5)

E(x, )=2] Mi(x, 8) Eilx, 1). ®)

Using Eqs. (4)-(6), the aggregate demand
of households from generation « for the j-th
product can be derived as

il
() T Ek, t)
Alr) - . *
f b)) “ 'dm

When we express the aggregate demand for

.I',‘(I{, £)=

the j-th product as x;(¢) and the aggregate
expenditure of households in the economy
as E(¢), we obtain
JOTTE®
;)= Ap(r)( ) D( ' n
Pu(t) ' dm

where E(t)E,/:TE(K’ t)de. Note that the

price elasticity of demand for the j-th prod-
uct is 1/(1—a).

The second stage of the problem is to find
the path of expenditure that maximizes the
discounted present value of lifetime utility
in Eq. (1), subject to the intertemporal bud-
get constraint in Eq. (3). Substituting from
Eq. (4) into Eq. (2) gives
Eilk, t)

AlD) £ &5t : 8)
Tnoal™

4]
To simplify this expression, the denomina-

tor in Eq. (8) is denoted by P,(¢), which
can be regarded as a price index. That is,

Dilk, )=

AlD —o_ et
Po@=[" b0 7] 7.
Taking the natural logarithm of both sides
of Eq. (8) gives
InDi(k, )=In Ei(x, t) —In Ps(2).

The optimization problem at the second
stage is therefore



SRR r—T v BEEE2S
+T
mmf‘ewWﬁmEALn—mpﬂmm,
+«T Fes
st [T LT (i, Ot < Wile)

As a result, we find that the expenditure
growth rate is given by

dE:(x, t)/dt

AP =r() —p. €)]

2.2 Producers of Consumer Goods

In the consumer goods market, each firm
makes decisions without considering the ef-
fects on other firms. Unlike Noda [2007b], we
consider the consumer goods design developer
and consumer goods producer to be separate
agents. Moreover, we assume that all firms
in the consumer goods sector are able to pro-
duce goods by purchasing patent rights to
the exclusive use of the product technology
from the R&D firms. As described in Subsec-
tion 2.1, consumer goods supplied to the
market have physical differences and con-
sumers recognize such differences. Under this
product differentiation, each firm producing
a specific consumer good has some control
over their own product price. Accordingly,
the structure of the consumer goods market
is characterized by monopolistic competition.

The production function for the j-th prod-
uct is specified as follows:

L=%m, (10)

where L, is the input of unskilled labor of
the firm that produces the j-th product (re-
ferred to as firm j) and ¢ is a positive con-
stant that we assume to be greater than @
It is evident that the smaller the value of &
the higher the productivity of the unskilled
labor of firm j. Because the wage rate of un-

skilled labor is 1, the cost of input of un-
skilled labor is 1XL;=L. Using Eq. (10),
the profit 7; of firm j can be written as

() =[p, (&) — 51z, (0). an

The demand function for the product pro-
duced by firm j is given by Eq. (7). Substi-
tuting Eq. (7) into Eq. (11) yields
s
5 () " E(E
=l -5 LD )
Dpr(t) “dm
The price that maximizes the profit of
firm j is given by

p,:%zp_ (13)

Note that the price {/a exceeds the margin-
al cost ¢ Equation (13) implies that the
markup ratio is (1—a)/a. If we substitute
Eq. (13) into Eq. (7), then the quantity of
the j-th product demanded is

_aE@) _
TTTAW

z(1). (14)

Furthermore, substituting Egs. (13) and
(14) into Eq. (11) gives

()= é'—&‘) D). .
Let V;(t) be the discounted present value of
the profit gained by firm j at time ¢ That
is, V;(t) can be written as

ww=[%iWWﬂﬂ¢Eww

2.3 R&D Firms
The setup of the R&D sector in this paper
is similar to Romer [1990], Blackburn,
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Hung and Pozzolo [2000], Noda [2007a], Ac-
emoglu [2009, Ch. 13) and Osumi [2009, Ch.
11]. Suppose that R&D firms are continu-
ously distributed in the interval [0, 1].
Without considering the uncertainty in
R&D activities, it is assumed that new tech-
nology is definitely created through the in-
put of human capital® . Thus, we use a de-
terministic framework for the invention of
new products.

As described in the empirical study of the
automobile industry by Clark and Fujimoto
[1991], existing technological information
that offers wide applicability helps product
planners and product managers during the
development of new product concepts. Tech-
nological information such as explicit
knowledge may diffuse widely across indus-
tries and leads to formation of public
knowledge capital over time. The accumula-
tion of knowledge capital further contrib-
utes to the creation of new product design.
Indeed, even if technology is patented it is
not completely protected, and technological
spillover is commonly observed. A schematic
representation of this innovation process is
depicted in Figure 1.

Figure 1 The Innovation Process

R&D sector

i

Human capital Knowledge capital

Source: Noda [2007a]
If an R&D firm f=(0, 1] inputs H; units
of human capital, then the number of new

2) Porter [1998] argued that innovation always in-
volves investment in developing skills.

technologies created, @y, is expressed as fol-
lows:

ar,=AKH;, (16)

where a dot over a variable denotes the de-
rivative with respect to time and K repre-
sents public knowledge capital. It should be
noted that the contribution of public knowl-
edge capital to the creation of new product
designs reflects technological spillover by
partial non-excludability of public knowl-
edge capital. The parameter A>0 is inter-
preted as an indicator of the organizational
capability of an R&D firm, meaning the
system of organizational routines that facil-
itates effective product design and develop-
ment. Note that the total number of new
technologies of consumer goods created by
R&D firms at each point in time can be ex-

1
pressed as fJ ar(7) df, which is equal to the

total number of new technologies developed
in the macro-economy of a country, Alx).
Thus, if we assume that lim,._.A (=0,

then the relation A(f)=f _/: as(0)dfdr
holds.

Grossman and Helpman [1991, Ch. 3] con-
sidered the variety of consumer goods to re-
flect the cumulative experience of R&D and
regarded it as a proxy variable for knowl-
edge capital. We follow their reasoning by
assuming K(£)=A(t). Therefore, Eq. (16)
can be rewritten as

a,()=AA H, (1), an

An R&D production function as described in
Eq. (17) is often called a knowledge-driven
specification.

Suppose that an inventor of new technolo-
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gy is granted a patent and that the dura-
tion of the patent is infinite. We simplify
the analysis by assuming the cost of main-
taining a patent is zero. Each R&D firm
earns revenue by selling their patents to an
agent attempting to enter the consumer
goods industry. The agent who has obtained
the patent rights holds the exclusive patent
license for production of the relevant con-
sumer goods. Recall that, in the subjective
equilibrium, the discounted present value of
the profit flow for all firms producing con-
sumer goods is equal to V(¢). Our model
implies that in the general equilibrium the
patent price of technological information
for an arbitrary product design is equal to
V(L.

For R&D firm f, the cost of inputting
H/(t) units of human capital is w(t)H/(2),
and the revenue is @,V (¢). Therefore, if the
profit of R&D firm f that has developed the
technology for @, units of new products is
denoted by IT,, then the following holds:

[L(D=a,0) V() —w () Ht),
=[AA ) V(e) —w (D) H,(D).

Because each R&D firm constitutes only a
small portion of the R&D sector, public
knowledge capital is considered given for
each R&D firm.

Our interest is in the equilibrium in which
innovation oceurs with a,(¢)>0. As Eq.
(17) shows, the creation of innovation re-
quires the input of human capital, and
therefore the condition F(t) >0 must be
satisfied. Under this condition, Eq. (18)
suggests that when AA (&) V(¢) >w(e), profit
will be greater when more resources are
used in R&D. In this case, firms have an in-
centive to input an unlimited amount of hu-

man capital into R&D activities. However,
input of an infinite amount of human capi-
tal is not possible in the equilibrium. When
AA (D V() <w(t), Eq. (18) implies that in-
put of resources into R&D would result in
profit being negative. In this case, the ratio-
nal decision is to not input resources into
R&D, that is H,(¢)=0, but this contradicts
H;(¢)>0. Therefore, in a subjective equilibri-
um for which free entry to the market is
guaranteed and innovation is created,
AA () V() =w(t) must be satisfied. Conse-
quently, we obtain the following equation:

A V=22 (19)

2.4 Market Equilibrium

We follow Grossman and Helpman [1991,
Ch. 3], assuming the stock prices of consum-
er goods firms are consistent with V(¢),
which is the discounted present value of the
profit flow for all firms producing consumer
goods. An individual who owns stocks from
t to t+At receives 7(t)At in dividends. Also,
capital gains of V(t)At can be earned.
Therefore, the revenue that a stockholder
can earn during this period is x(t)At+
V(£)At. When funds of V(¢) are lent from ¢
to t+At, the revenue is expressed as
r(t) V(At. In the equilibrium of the asset
market, the revenues of the former and lat-
ter must be equal. Consequently, the follow-
ing holds:

2O+ VO=r0 V(). (20)

Equation (20) is the no-arbitrage condition.

We turn now to an equilibrium condition
in the consumer goods market. In the sub-
jective equilibrium of consumer goods firms,
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the production x;(t) is the same for all con-
sumer goods, and so is equal to x(¢). There-
fore, the total supply of consumer goods at

Alty .
time t is j; z;()dj=Ax (). On the

other hand, the aggregate demand for con-
sumer goods is @E(t) /¢ from Eq. (14). Con-
sequently, the following equation holds for
equilibrium in the consumer goods market:

is,(t)—:A(t)x(t). @1

The unskilled labor market clearing re-
quires that

A x ()= L), (22)

Alt)
whare L{)= fu Ls(O)dj. The left-hand side

of Eq. (22) represents the aggregate de-
mand for unskilled labor and the right-hand
side expresses the aggregate supply.
Finally, the human capital market clear-
ing implies that
Al)
AA(L)

where H(®)= [ H/()df: The left-hand side

=H(), (23)

of Eq. (23) represents the aggregate de-
mand for human capital, while the right-
hand side expresses the aggregate supply.

2.5 Steady-State Equilibrium

Let us examine the relationship between
the aging of a population and technical
progress. We focus on the steady-state equi-
librium of the model and derive the reduced-
form equation for the rate of innovation. As
in Barro and Sala-i-Martin [2004], the
steady-state equilibrium is defined as the
situation where all economic variables grow

at constant rates in the general equilibrium.

Let 6(t) be the ratio of the sum of the
number of people receiving education, the
number of active skilled workers and the
number of retired skilled workers to the to-
tal population. Also, we express the period
of an individual's skill acquisition as S(¢).
Recall that the total population at each
point in time consists of people receiving ed-
ucation, active unskilled workers, active
skilled workers, and retired people. Then the
number of people receiving education is
S()8(t)N/T, the number of unskilled work-
ers is [1—0(¢t)INZ/T, the number of skilled
workers is [Z—S(£)10C)N/T, and the num-
ber of retired people is (T—Z)N/T. The
composition of the total population at each
point in time is depicted in Figure 2.

Figure 2 Composition of the Total Population

LY

Unskilled workers /4
@%’V ,/////<<~/\/<<€ {j/Retired people
ksmueu g
N NN workers O\
IR\
0 \ s Z T age

People receiving education

=

Incidentally, the equation below holds for
the number of unskilled workers:

L©=0 —9(:)1%2. (24)

Therefore, the total population N can be ex-
pressed as

N:S(:)e(:)%-a-u:) (25)

+[z— N (r—p
[Z—=58®]8() T = (L—Z) T

We now specify the function for human
capital formation as follows:
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h(S)=exp[n(S)], (26)

where 7'(S)=dlnh/dS represents the gain
from the number of additional years in edu-
cation, that is, the rate of return on invest-
ment in education. We follow Lee [2005] by
considering the case in which 7(S) is the
linear function 7(S)=uxS. It is assumed
that #>0 is constant. Consequently, the fol-
lowing equation holds for the amount of
human capital in the macro-economy.

HO=[2-SOl0®e=v. @D

Recall that, by definition, the growth
rates of all economic variables are constant
in a steady-state equilibrium. Equation (24)
implies that #(¢t) and L(¢) are also constant,
and when 6(¢) and L(t) are constant, S(¢)
must also be constant from Eq. (25). That
is, in a steady-state equilibrium we have
A(t) =40, L(t)=L, and S(¢)=S. Furthermore,
using Egs. (21) and (22), we get

L=aE(}). (28)

It follows that E(¢) is also constant, and so
E(t)=E. Therefore, when the economy is in
a steady-state equilibrium, the aggregate
consumption expenditure of the household
sector is constant.

We now examine the equilibrium path in
which an individual of type i from genera-
tion # maintains a constant consumption
level over time. In such an expenditure path,
E.(k, s)=E;(x, t) holds for all s*t, and so
Eq. (9) implies r(¢) =p. Dividing both sides
of Eq. (20) by V(t) gives

Lol =, (29)

Because V(£)/V(¢) and p are constant in
Eq. (29), the profit rate x(¢t)/V(t) must
also be constant. In addition, Egs. (15) and
(19) imply

Eﬂl_(f*d)JuL

VO - Wl &0

-

5

Equation (30) shows that w(t) is constant.
That is, w(t) =w. Let g= A(t)/A(t) be the
rate of innovation in a steady state. Consid-
ering Egs. (19), (28), (29), and (30), we
get

(;—Q)Lﬂ,w. 31

Incidentally, an individual has the alter-
natives of either making an investment in
human capital to work as a skilled worker
or working as an unskilled worker without
receiving education. If an individual of gen-
eration &« engages in labor as an unskilled
worker, then the discounted present value of
that person’s lifetime income, W;(x) may be
expressed as

]"Vr(-'f) e f“ ze—nrl -»r)dt
’ (32)

1—e™*

o

If an individual of generation ¥ engages in
labor as a skilled worker, then the discount-
ed present value of that person’s lifetime in-
come, W;(x), for SZ, is given by

Walw= [ ”': PRy gt
‘ (33)

= (e-nb‘_ e—.ﬂz) weits
o
An individual wishing to be a skilled worker
faces the problem of selecting the period of
their education under a given time con-
straint. More specifically, the individual
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solves the following problem:

max x (S)= %(e"“* &%) we*S,

s.t.S<Z

We consider an interior equilibrium solu-
tion. Solving the optimization problem

yields

=¥
0

In (1 A%) +pZ].

=vim 0, Z),

(34)

where we assume In(1—p/) +pZ>0 to en-
sure S>0 in a steady-state equilibrium.
Therefore, the relation #>p/(1—e™%)
holds.

All households are representative agents
who have perfect foresight. To decide which
type of worker they will become, they com-
pare the discounted present value of the life-
time income that can be earned if they be-
come skilled workers with that if they
become unskilled workers. This selection can
be interpreted as deciding whether to en-
gage in labor in the consumer goods sector
or in the R&D sector. The subject of our
analysis is the steady-state equilibrium in
which production activities are conducted in
both the consumer goods sector and the
R&D sector. If a difference in the discounted
present value of lifetime income arises be-
tween these sectors, all individuals should
attempt to engage in labor in the sector in
which they can earn a higher discounted
present value of lifetime income. Therefore,
in the steady-state equilibrium in which
production activities are conducted in both
the consumer goods sector and the R&D
sector, the discounted present value of life-
time income must be equal between the sec-

tors. This condition means W(x)=W,(x).
Using Eqgs. (32) and (33), we obtain

l—e 2 _ (e-us._.e*m?) wgus
o o )

This equation can be rewritten as follows:

1—e#
[e—ﬂ-'z(.u,n,z}_e—az] eu-u(mp.ll ° (35)

w=

Therefore, considering Egs. (24), (31), and
(35), we obtain

0 +g:( é‘;‘ga) (1 = GT)‘ANZ eu<v(u.ﬂ.2)
52 [ 2 rp-vl.u..u.zl_e—.uz ] (36)
1—e™

In addition, combining Eq. (23) with Egs.
(27) and (34) yields

g=AZ=r e 0. D)) gppennnn (an)

Consequently, Eqs. (36) and (37) can be
used to calculate the values of g and 8 in the
steady-state equilibrium. Explicitly, g is giv-
en by

— i é'*a' )ﬂ uvy.p,Z)
g ) [( al T Ze
X

e-a‘vfn.p.zJ_e nZ .
[ 1—e ™ it

(38)

where ¢ is defined as

= f—a) Z[e-rvine ) _ gmpE]
¢71+( at Jl—eNZ—v 0. 2]

In what follows, we call the rate of innova-
tion in a steady-state equilibrium the rate
of long-term innovation. Equation (38) im-
plies that as N decreases g also decreases.
Thus, the model suggests that in a knowl-
edge-based economy the rate of long-term
innovation will decline in a shrinking popu-
lation.
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For 6, we obtain

g :L{( f—a )Ze“"‘““‘”

¥\ el
2 b=l o Y4 (39)
[—e AN )

where # is defined by
p=[Z—v(y, o, Z)]e=r?

+ 'g_a \. ZGJ.I'V(H.P.2)[6*.17'#(#.!1.2)_e*ﬂz]
at ) 1—e " .

3. Policy Implications

3.1 The Rate of Innovation

We now use comparative statics to inves-
tigate the effect of aging on the macro-
economy in a steady-state equilibrium. In
addition, the policy implications of the mod-
el will be discussed considering the results
of the analysis.

In general, population aging means that
older groups in the age structure of a popu-
lation increase in size. The percentage of the
population of elderly people (usually 65 years
old and older) in the total population of a
country, or the proportion of the aged popu-
lation, i1s often used as an indicator of ag-
ing.

In our model, we regard individuals at the
age of Z and older as elderly people, so the
total number of individuals at the age of Z
and older (the elderly population) is (T—2Z2)-
(N/T). Recall that the total population at
all points in time 1s N. If we express the
proportion of the population that is elderly
as 7, then we obtain the following equation:

= {T=2)-(N/T)

T

Lz (40)
£

From Eq. (40), we find that 7 depends on
the life expectancy 7 and the retirement age
Z. As for Japan’s population aging, Ogawa
[2009] reported that Japan’s aging mecha-
nism since 2007 has been shifting from low
fertility and aging to long-life aging, and
that problems associated with the phenome-
non of extended life expectancy are more
important from a policy perspective than
the phenomenon of low fertility.

An increase in T or a decrease in Z leads
to an increase in 7. Consequently, a compar-
ison between the respective steady-state
equilibria before and after either parameter
changes will help us understand the effect
of aging on long-term innovation.

First, the influence of population aging on
the rate of long-term innovation will be ex-
amined. Partially differentiating g with re-
spect to T yields

_a_g_:_L{ Q_Q)IL’V 2wl 0, Z)
F7 ( G )T

@’P‘Hlll..ﬂ. Z) _ e oZ
d[Eren—e ey

In addition, partially differentiating g with
respect to Z yields

oE L (f-_a)ﬂ
az !ﬁ[ ot | T Ze
e*n'vfﬂ‘ﬂ-zl_efnz]( N —A}
[z )
+E}E[( é‘a‘{_ )ﬂ_%’_zeu-»m..n,z)
[ g—ﬂ-uur.p.ZJ,e—pz ]7 1

= | p} Z=v(y, p, Z)
[e‘ﬂ‘yuﬂﬂ.zj

X

,e—pz

1—e "

e

(1fzﬂ,—1)>u.

Other things being equal, the proportion
of the aged population is high for economies
in which the value of T is high (or the value
of Z is low). Consequently, from the perspec-
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tive of our model, a decline in the rate of
long-term innovation is expected when pop-
ulation aging is progressing.

Because an increase in Z means a higher
mandatory retirement age for all workers,
dg/82>0 can also be interpreted as an in-
crease in the rate of long-term innovation
along with an increase in the mandatory re-
tirement age. We will examine the implica-
tions of this, considering the trends in the
actual economy. An institutional reform en-
couraging employment of the elderly is
common to many developed countries. In
Japan, for instance, the law was amended in
2004 to impose an obligation on employers
with a retirement age below 65 to ensure
stable employment for their employees up
to age 65. The legal amendment in Japan
was prompted primarily by an increase in
the age at which the payment of employee
pensions begins to 65 years by the 2013 fis-
cal year. Because a further increase in the
starting age for employee pension payments
might be unavoidable in the future, raising
the mandatory retirement age to older than
65 may become necessary in preparation for
this amendment.

Raising the mandatory retirement age is
also important for reasons other than con-
sistency with the pension system. According
to our model, an increase in the mandatory
retirement age raises the rate of long-term
innovation. Further, an increase in the rate
of innovation will contribute to an increase
in the national income. Therefore, encourag-
ing employment of elderly people through
an increase in the mandatory retirement
age is important for sachieving sustained
economic growth. For many countries in
which aging will accelerate in the future,

raising the mandatory retirement age will
be one focal point of employment policies.
The analysis in this study can be considered
to be a rationale for encouraging the em-
ployment of elderly people, as proposed by
OECD [2006].

3.2 R&D Subsidy

In this subsection we analyze the effects
of an R&D subsidy policy on industrial in-
novation. Assume a situation in which R&D
is subsidized with lump sum taxes paid by
households. All revenues from the taxes are
allocated as subsidies for R&D firms.

Let us consider the case in which a certain
proportion £ (0, 1) of the R&D expendi-
tures of each firm is aided by the govern-
ment. Recall that the cost of R&D activity
needed by firm f at time ¢ is w(@)H/¢).
Therefore, this firm receives a subsidy in the
amount of fw(t)H,(¢) from the government.
Consequently, the total amount of R&D
subsidies from the government at time ¢ is

2w (t) fﬂ H (8 df = Ew () HQ).

We denote the rate of long-term innova-
tion when such R&D subsidies are not im-
plemented by g and the rate of long-term
innovation when R&D subsidies are imple-
mented by g"". That is, g" is equivalent to
the rate of long-term innovation indicated
by Eq. (38). Also, it is easily seen that g™
is given by

—pevlp o Z) __ P2
S aaoem |

Comparing the sizes of ¢" and ¢

*

reveals
that g"<g"". Consequently, the model im-
plies that implementing the above-men-
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tioned R&D subsidy policy increases a
firm's incentives for R&D and helps pro-
mote technical progress in the macro-econo-
myd

Applying a simple model to the actual
economy requires caution. In fact, unexpect-
ed difficulties might cause R&D to end un-
successfully, as the contribution to economic
growth would vary depending on the out-
come of R&D. The implications of our model
should not be interpreted as supporting
government subsidies for R&D in any spe-
cific industry. Rather, the interpretation
should be that, under certain theoretical as-
sumptions, government R&D subsidies are
supported for promising R&D projects that
could engender growth and enhance innova-
tion.

3.3 National Innovation System

We now discuss the determinants of inno-
vation, in particular examining the parame-
ter A on the right-hand side of Eq. (38). Ev-
idently, the greater the value of A, the higher
the rate of long-term innovation. In Eq.
(17), A was introduced as a parameter of the
R&D production function for new product
design. Eq. (17) implies that 4 is considered
to be a factor in the marginal or average
productivity of human capital having new
product design as the output. As mentioned

3) Using a multi-sector dynamic general equilibrium
model, Ghosh [2007] weighed the effects of R&D pro-
motion policies on Canada's long-term economic
growth, The ideas studied were the following: (a) di-
rect subsidies to R&D activities, (b) subsidies to the
users of R&D capital {output), and (c) trade liberal-
ization to promote international R&D spillovers. As a
result of the simulation analysis, Ghosh [2007] con-
firmed that direct subsidies for R&D activities had the
greatest impact on productivity in the Canadian econ-
omy.

earlier, such a parameter of productivity
can also be interpreted as an indicator of
the organizational capability of an R&D
firm. Organizational capability is a concept
in business administration referring to the
system of organizational routines that facil-
itate effective product design and develop-
ment.

From a macroeconomic perspective, the
organizational capability of firms depends
on the institutional foundation of a national
economy, which Hall and Jones [1999] call
the social infrastructure. Regarding the in-
stitutional foundation of a national econo-
my, the national innovation system may
provide important clues. Following Archibu-
gl and Michie [2003], in the present paper
the national innovation system is regarded
as a nation-specific factor that has a crucial
role in shaping technical change.

As suggested by the empirical study of
Aoki and Branstetter [2010], the importance
of having constant access to the outcomes of
advanced basic research has been increasing
in the development of industrial technology
in recent years. Based on econometric analy-
ses using firm-level data, Aoki and Bran-
stetter [2010] confirmed the significance of
increased knowledge diffusion from academ-
ic institutions to private-sector industry for
increasing R&D productivity in the United
States. The contribution was evident partic-
ularly in areas related to pharmaceuticals,
medical equipment and biotechnology. In
comparison to the United States and EU
countries, however, the level of science link-
age in the domestic industries of Japan is
generally low.

As for institutions that aim to diffuse the
outcomes of advanced basic research, univer-
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sity-industry collaboration constitutes an
important element of the national innova-
tion system. Interaction between universi-
ties and industries based on flexible system
design may facilitate sustained economic
growth through active innovation. Accord-
ingly, since 1998, a series of measures to
promote university-industry collaboration
has been adopted. At present, Japan's major
universities have established a technology li-
censing organization (TLO). However, it
would appear that the methods of universi-
ty-industry collaboration in Japan, includ-
ing the TLO, have considerable room for
improvement.

Goto and Woolgar [2006] considered uni-
versity-industry-government collaboration
in the United Kingdom in this regard, and
made remarks that offer various sugges-
tions. Examples include a program called
the Industrial Secondment Scheme (ISS)
that was adopted by the Royal Academy of
Engineering. In this program, a university
lecturer works in industry for 3-6 months
and acquires practical experience in the ap-
plication of their own research, with part or
all of the lecturer’s salary during this period
paid by the Royal Academy. Another exam-
ple of transferring technology from univer-
sity to industry, through the participation
by graduate students, is the knowledge
transfer partnership (KTP) system. In this
program, graduate students participate in
research and development projects run joint-
ly by the university and companies as KTP
Associates, with the aim of enhancing the
research relevant to industry by considering
the direction of research demanded by the
industrial world. Through human resource
development in the KTP program, industries

can expect to employ researchers who are
equipped with advanced research knowledge
from universities and industrial R&D exper-
tise from their practical experience.

In a knowledge-based economy experienc-
ing population decrease and aging, acquir-
ing scientific and technological researchers
will be increasingly important for indus-
tries. In the past, Japanese companies have
not actively hired graduates who have a
doctoral degree. However, the increase in
the number of advanced research students
who have acquired explicit and tacit knowl-
edge of industrial R&D through programs,
such as those described above, is expected to
be beneficial for both universities and indus-
try. Programs similar to ISS and KTP are
yet to be implemented in Japan, and are
therefore expected to be informative for in-
novation policymakers in Japan.

Research into the national innovation sys-
tem from the perspective of social science
has not been adequate. To create an ad-
vanced national innovation system, develop-
ment of effective policy prescriptions re-
quires multi-disciplinary knowledge
encompassing economics, management engi-
neering, technology management, and other
fields.

4, Empirical Evidence

In this section, we present empirical evi-
dence relevant to our major analytical re-
sults. First, we discuss the empirical analy-
sis of An and Jeon [2006] concerning
population aging and economic growth be-
tween OECD member countries. An and
Jeon [2006] performed non-parametric ker-
nel regression using data for the ratio of
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the population aged 65 and over and GDP
per capita growth rate in 25 OECD coun-
tries for 41 years (1960-2000)%. Figure 3 dis-
plays a scatter diagram of the data and a
graph of the kernel fit.

Figure 3 Population Aging and Economic Growth in

25 OECD Countries
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g4 e :

Growth Rate (%)
-
|
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Source: An and Jeon [2006)

The vertical axis of Figure 3 measures the
per capita GDP growth rate and the hori-
zontal axis represents the ratio of the popu-
lation aged 65 and over. The most interest-
ing finding from Figure 3 is the correlation
between a high rate of aging and a low rate
of economic growth in economic groups
where the proportion of the population aged
65 and over exceeds approximately 7 per-
cent. Societies in which the proportion of
the population aged 65 and over is greater
than 7 percent are called aging societies.
The decline in the economic growth rate

4) Of the OECD member countries, Luxembourg, Hun-
gary, Poland, Slovakia, and the Czech Republic were
excluded from the analysis because of inadequate data.
Furthermore, data for 1970-2000 only were used for
Germany.

along with the progress of aging is consis-
tent with the results of our model.

Next, we examine briefly the characteris-
tics of chronological changes in population
aging and innovation using information
from existing studies. Specifically, we look
at data for Japan. Figure 4 shows the
changes in the proportion of the population
aged 65 and older in Japan during 1960-
2005.

Figure 4 Population Aging for Japan
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As shown in Figure 4, the rate of aging in
Japan has risen consistently. Although our
model implies a decline in the rate of long-
term innovation as a result of aging, how
does innovation in Japan change over time?
While we recognize the phenomenon of in-
novation as a concept, quantifying it is ex-
tremely difficult. For that reason, we must
depend on proxy variables that approximate
innovation. We use the efficiency index esti-
mated using Bayesian methods in Noda and
Kyo [2009], and regard the growth rate of
the efficiency index as a measure of techni-
cal progress.

Figure 5 shows changes in the natural
logarithm of the efficiency index between
1960 and 2001, from which we can see that
the growth rate of the efficiency index in
the Japanese economy has tended to decline.
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Figure 5 Efficiency Index for Japan
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Source: Noda and Kyo [2009]

According to Noda and Kyo [2009], the
average growth rates of the efficiency index
during the periods 1960-1969, 1970-1979,
1980-1989, and 1990-2001 were 8.23 percent,
2.15 percent, 2.06 percent, and 0.29 percent,
respectively. Therefore, our model appears
to capture the characteristics of the Japa-
nese economy to a certain degree, in particu-
lar as regards the declining trend in the
rate of innovation as population aging pro-
gresses.

5. Concluding Remarks

Many developed countries will confront
an increasingly severe population aging in
the near future. Meanwhile, the expected ef-
fects of population aging on macro-economic
performance in the future have not been
clarified. As Grossman and Helpman [1991]
emphasize, understanding trends in techni-
cal progress has significant implications for
projecting long-term economic performance.
Accordingly, we have examined the relation-
ship between population aging and technical
progress, assuming that innovation consti-
tutes a driving force for economic growth in
a knowledge-based economy.

Our analytical results show that the rate
of innovation will decline with population

aging. This can be interpreted as population
aging having an inhibitory effect on techni-
cal progress and consequently also on long-
term economic growth. In addition, raising
the mandatory retirement age has a positive
effect on technical progress. This suggests
that encouraging the employment of elderly
people is important not only for consistency
with pension systems, but also for promot-
ing economic growth.

How does raising the mandatory retire-
ment age affect economic growth perfor-
mance? Based on our model, the theoretical
mechanism might be explained intuitively as
follows. First, a higher retirement age in-
creases the number of active skilled workers
engaging in R&D activities. This has a di-
rect positive effect on innovation. Second, an
increase in the retirement age also increases
the number of active unskilled workers. As
a result, profit from the production of con-
sumer goods increases, which generates in-
creased R&D revenue to promote product
innovation. Third, raising the retirement
age means a longer period of time during
which skilled workers are able to earn in-
come. Thus, the incentives for economic
agents to gain skills through education and
training will increase. As a result, there is
an increased accumulation of human capital
in the macro-economy, which will increase
the rate of innovation and, therefore, the
national income.

Despite innovation being widely regarded
as a crucial determinant of economic growth
in a shrinking and aging population, very
few studies in the literature have attempted
to examine theoretical relationships between
population aging and technical progress.
This paper is an attempt to fill that void.
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Needless to say, our model is so simple that
we consider it a stepping-stone to future
work, Nevertheless, it provides a theoretical
rationale for why policies promoting em-
ployment of older workers matter in a
knowledge-based economy experiencing pop-
ulation aging.
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Abstract

This paper explores theoretically the economic effects of a pay-as-you-go social security poli-
cy that is financed by consumption and bequest taxes in an overlapping generations model
with an altruistic bequest motive.

We obtain the following results under assumptions of this paper. An increase in the con-
sumption tax rate for the pay-as-you-go social security policy raises capital accumulation, wel-
fare and the bequest. On the other hand, an increase in the bequest tax rate for the pay-as-you-
go social security policy does not affect capital accumulation and welfare. Only the bequest is
raised.
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