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LD, INEEETL L,
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(1 — a))Myy + Vig + AVyp = ACyp + Copvvoee oo (19)
Coe+ACo = Vip + AVyp + (1 — @ )Myp ovvoe oo (20)
bz,
CotHACy+Cip+AC, = Wip v eee oo (21)
LD D, BARMAFEMMIC XV e SN2 EARMIE, WP QYLK A REIC L3
BREARMOTHEELELIRD ZERDND,
2B, ACy = ACy, = 072 B1F, HHFAEOLEAE LRI L, 6) K > TV D
A< (16), (20) Kb,

Var +AV + Vi +AVye + (1 — @y )My + (1 = ap)Mpe = Wop oo oe o (22)
PEOND, EHIC, TNHIZK-T,
Vig+AVie + (1 = a )My = Cop +AVpq oo oo oo (23)

DO SED, [RERIC, AV = AV =0, ay = ap = 0CHIUE, HMHEAEDOLAITEH -
(3) DR T B

7272 Uy YEREAEEICEBT DAV, AV ACy. ACy T, WTh b o X KEnizw,
Cot >Vip + My &2 5,

F7o, PEKREAEOLA BT DM OMIE O s,

Cit + Co +AC +AC,;
Vie + +AV + (1 — a) My + Vo +AV, + (1 — az) My,

2l 7o ST AR H 7R,
HMFEAPEDOSGS L ITRRY | SERFAEDOG AL, BARENITE LIEEARO—HN
BIEEICHTHND Z LT, BEMICIIT 2AEERBER IR L, AERLIENT 5,
FMgAsm] Tk, 2N OERMEETZTHEMEG & L TRO XS bDER L,

1 4000C; +1000V; + 1000M; = 6000Wy --- -+« -+ (25)

I 1500C, + 750V, + 750My = 3000W, -+ -+ -+ (26)
(25) K Tlx, EAROEHEAER S —ED T, EARMAEELINICET 5 RIAME(1000M,)
D5 HD 500M, ZHHEE L LT, FEEARIZ400C,, FIZEARIZ100V, & B,

1 4000C; + 400C; +[L000V; + 100V; + 500M; |= 6000W; -+« -+ -- (25)

L5,
ZAVE RS DI E M A RETR P O A RE 2 3T (26) AL,
1 [1600C,]+ 800V, + 600M, = 3000W, -+ --- -- (26)'
L%, ek, (25),  (26)' OFHIMDERFITHE LV,
FISAMERL—E TH L%6. NI DILKm A ER AL

1 4000C, + 400C; + 1000V, + 100V, + 1100M; = 6600W, -+ -+ -+ (25)"
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111600C; + 800V, + 800M, = 3200W, -+ -+ - (26)"
LD,
T, Wa MBI DIERFEERAL
[ 4000C, + 400C, + 440C; + 1000V, + 100V, + 110V, + 1100M, + 110M,
= 72600, e (25)"

111600C, + 160C, + 800V, + 80V, + 800M; + 80M, = 35200, -+ -+ (26)"
L%, w7 AF TEARGR] (28T, UED X 9Tk AERNETH L, 00
HFEERBT272005KMEEH LN LT,

3. BAERARMOTCORBEARERNT
(1) BEERRAREA—RE LEBRERRERD
FAEERRGHIUTOL ) RBMERT L N TE 5, £, FAERSGHIZELN
IR & BRI 3T O &5 5 ISR ATRERET VT D, BRI 22 /34T CIEps il 2
PRIV I DAEPE L DT 0B ANBLEOMG L2 0  RHIRIZR 0T TITR IS D%
ERBLEONG L 05", WIC, BAERGRIIFHFFET L E L THLEFPETLE LTHH
WD T ENTE D, HMAAEEET L TIHBEOA & HMomfEZ it — L, JEREERE
TITERE & AEEDB R D ASHERFED RIS 21T > T D, B ICHEOARYE
BT DM G FAEERRUCB W TELE R TH D, AN ERIND KT, D
B D T CIEE AR AT L W ERMARERORN —EL 252 L THY, OO T
TIZ QY AR ENDZ L TH D, bbb, RENBEZR > THRET 572012 (22),
(23). (24) FAEAL L TR TR 72 B 720,
ZIT, REBREAEERDLERTH D EROAMIIRERK;, T
ki = Cie/Vie (i =1,2)we0er (27)
TRIND, ZHUL, BARAMOEE, TNEZENT OIZLERIE ) O &L ORERE KBk
LD THDH, £ LT, FIRMIEEe) I ZRAME L TEMED LR, 72bb
eir = My /Vip (i = 1,2) e vee e (28)
Thy, TNEHERRLE BV,
F7-. FlEEm,) %.

(i =1,2) oo (29)

<®T,

10 19.(2011) p. 194.
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BEARFEN S D —EDOITERa, CTERRW LEEZ1T 9 LAET I, AFEILRIC L 0 8
L7978 71 & G AR
a;M;; = ACy + AV -+ -+ -+ (30)
LD, WHFAEEOEGIINTERITe =0TH D, I 2Tk, HIE kTS 21TH7
LN BEEITHE T X CTHEMOIEAIZE LT, BRELZTBEET S LRET D,
75L&

a;m(Cie + Vie) = ACyp + AV -+ -+ -+ (31)

MIAET B, S HIZ, @NHEMND
Cie = Vigkip -+ -+ (32)

DELIL, ZE G RUTRAT D &

aimy Vie(1 + ki) = ACjp + AV -+ -+ (33)
L%,

INEHEEZH|ZD L,

Wie = (1 +my) (kie + DV -+ (34)

L%,

BTG Z BT D 45 PEEER T ORI =T AT 2 O T, FESITREFT R ISIT 8 L
BRWbDLEEZOND, T5 &, FEMIZET DEHEMA~DOREND 501, ATAAME
&L BAROAKIIBIK TH D, Lo T, BFERESTREAL LT

AW; = (1 + my)VieDk; + (1 + my) (kg + DAV -+ -+ -+ (35)
DR N,
6T, Zhe@HATEHS &,
AW, 1 AV,
- =L+k_+7.........(36)
Ak, T Bk

&@@\ﬁﬁva®ﬁ%WE$ﬁgm\éﬁ@ﬁ%%%ﬁ®%M$¢%&ﬂ%%$®%
(LRGOARTE Bo FERIEFEDSA T ATERAR & REEA~OREFA L bIHmL,
TSk o TEEEMSRL S, RFEREREOND LD 2L bnnd, w7 A
LR ORI 1 PEE R O AEPER O T EIRT 5 L3 LTV R, = s 2
1T, AR D RE RIS E ST 5 2 L A9 TR L, Bl RRE £ 7 S T
HEVIETHEEICERDOHDL L THD, ZOEKT, TREHEZOREMGRORITE
IV ANCETEDH Z LN TE D E D Domar (1952) D EIRITITBILRH A 5,
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(2) BEEXRKXRICHITI20HTOHEREMRM

1920 RIS YV # O~ /L 7 ARG, MBI A E R 2GR O BILRBE 21T 5 72,
ZD 1 AT % Feldman (1928[1964]) DETILNE 2 SOfEFHMEFHN D, 10F 2 IS
BUAEARA Ny 7 OHRIZETHHDO T, LV EWREREREZNL-0I10, EARMA
PERPNCRIT DBARA My 7 @bt bt n) EETH D,

> 1 21% 2 TP BT 2 HE DB LRIZONWT TH D, B ERKIZH->T, 2 ¥
FHZ T DG RIT, 2HAOERA by 7 DR LE U TRITIZR S0,

Feldman (1928[1964]) OFLHHIZHEMECTH 5726,  Domar (1957) IZLL F D XL 5 1ZE T /L% fi
BRI U7, rldE 1RSI 3 2 B E DR ET D, NIFMEBEETHY . 2 FMICBNT
ThENL. LT D, VIEEROEEOMREZERL, 2 SBMATIIZEAENY,, V,TH D,
CITHBEMOEERET, YZERFHETH D, Con Iy YLITTNThEEHOPIETH 5,
rOEFD D, I =l LB, B 1SR B AEA ORI, HiZkY | §=2Th5,

ZDOAND,

NESND, £, L=0A-1NITHIH7-0,

Tt
12 = (1 — r)]oevl ......... (38)
LOWIZ XY, & 2EHMOEENN EAT D720,

dC_IZ 1—r Lt

—_—= = Viieeeiennns 39
a v, v, (39
C:C0+( r )Vz(evl —1) ......... (40)
d_Y:d_C ﬂzwev%t ......... (41)
dt dt " dt AR
1—T‘ Vl Lt
V=14C= 1+ () + 1 = 1) (42)

D= EN5, B, ZZ Tl =18 T 5,

IR RIZEADERRR OVEARDOERE ORI L > TIRE Y | EAMEERM ORE
%%&%ﬁ@ﬁ%@%$ﬁ®w$%ﬁ%<&émﬁof\ﬁ%ﬁﬁ%%hﬁ?ék@%ﬁﬁ
Bons,

SR Y . Domar (1957) 1% Feldman (1928[1964]) DEF /LA EHZH DB ICB T 509
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TOHBEEFT L THDH L LT, Durlauf and Blume(2008) & . FFHEHRSEICHBWT,
Feldman (1928[1964]) ®E 7 /W RBRFE FZOMREH# R L 0 & VB ICHBE S /- S
ETINCTHDH LR,

4. ERBEFFZORKRER
(1) ERBEFFZORRERORERE

Barro and Sala—i-Martin(2004) (2 X % &, dEfSRRHEFOKE R ORRITIL 3 SO
bD, FB—OWIL, T - MAEFEISIH L7z ey F=R—~—0DF 7 A » XYk E
T ML o THlIE S 47z, Harrod (1939) & Domar (1946) (2 LAUX, 7 A 7 » D4HT
EREREOERLHEAESEIRAATH T2y K= F—v—FF/LL, #AWONE
DOARFRERAEREAEMEN L, BREREDRLETHD Z L &it 2 2 & TERERRE
HlORLZEMZR LTz, 5 2 OFIE, 1950 FRUATHT i BRACR Bllim O A FL e Y i —
=AU ETNANTHD, Y a—=ATET /UL Solow(1956) & Swan (1956) (Z L » THESR
STz, = OBEBEZAUEIEH T BIRE R AR WSR2 0 . D XD e A FERIRL
DT CTIHER—EDRELE =, BHL—RKIBWET L THD, ETANLELILD )W
X2 250 1 DIFEMTEERETHD Z . b o 1 DIXEAT Ok e tEB N e 8
AL ABTZYDOREIEZSCNTEIET L ENSI ZETHDH, £ LT, Cass(1965) &
Koopmans (1965) I%, Ramsey (1928) 12 & 2B D BE(LIZET 20 &2 Y r—=2ADU F
TIZHRY 3A T BARB 728 BURPRIF AR T 7 V& e S BT, 25 3 D13 Romer (1986)
& Lucas (1988) O SL & s & U CRsIE Lo NAEMREHER CTH 5, 20 X 5 Zeiftstix
ANdH7T= 0 ORMIREREPIMEN R BERTHESARIZ L > TED BTV D &V 9 Firdr kRO K
BEERET2HRATHLHY, TETANTREINRELRZRETHLIICETLVEEKRELT
W2, Eo. WHREFEGR CIEAREAR, SifESERE, JVBEORF LM TE D
WHEEET MCHNAEMICERY i Z SICHEA LTS, ZhOLORICEBWT, fEEN
ARNCAINT 2 A D= XL EHLNIT DL, 2207 7a—F21b5b, 120, Hibi
IR E 7 MICHASA EL 2 BRI T 2 INHEHOIEZRETHZ L THY, b 1

O, REBBRIC A E A — =R LA Z B0 AT b O TH D, AEIE, IR

BEFORRHGRICB T HREN 2T T VOB ZHT 5,

2) \Oy FK=F—vY—FTIL
iy K= RR—<—F7 )VORMEE#IT. 714 X0 [—F#Eim] o bich -7,

Ny F=R—v—FF LT, #E LIFEORRIX
15



I=K=S=25Y e (43)
Th b,
Z T, SIHIFE, sIXEEE, NIRE, [ = KITEEOEARA Ny 7 ~OfIN%E7RT, Yix
PEHETH S, (43)LD,

K=S=5Y teeee (44)
1Y N
Iﬁl@k;;’i’i) EN
YK 45

LB, DABEOMERG, SHEMIMCTHD, LoT, ~EY = F—v—EF L0
eSS TTENES
YK _
Yy
L%, T LT, HAMEFGEERL. TIUTA N ORINE EHREAC L > TRz 72
BREHETH DD,

LRIND,

F7o, R EEZRFAT L6 OMERERIERERG, L ERT 5, 2aHHE R
THOFROREREIC L > TRERFEELXL & T 50, ZHUTEEF OB R EERETEH X
LIDETRNI SICHEE SN, 29 LT, SRR ER, LEEEE, LERERIC,)
D =FH DOBMRIE,

G, = I TN CL)
YC,
L5,
Fo, LIIIFEICFE LW D,
CrGyy = §woevee e (49)

L n,
I 52, BHRRETHIUL, G, = G L7272 5720 DT,

DTz S D,

LrL, ENHDONRTA—Z—[THEWVIIMITH L7280, ZOFRMEOSNLIIMRIZ L D
&l D,

I BT, HIBRR I RALT D BRI,
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—~—OREHEmIT, BFREOER CTH 2 EARER &R, AnHn, FEEK L
L CORFEMEm 72 & ORISR ZfRIA L7z,

HEDORF R ER LRI R ROBRICHOWTIE. 6 > 6, THNIE. 6GC =5 = G6,6, 3%
ST AT, C<G LD, Thbb, ENAR LY BRA My Z73¥INT 5, 20
R, GIIEBHICERT D, G <G,DWE, Wi RZ—2L7p) GIIE LT 5,

PUlokriz, mnvy K= RKR—v—FT )V TIIHARRERICZ L0 EL 2 EMFIERA
BETH D, Bl AREICT-EVENTSH, Wom AR RN ZEIEIZREETH Y |
OBRIITA 72y VB E b WbILD, ZOL2IImy K= R—v—ET/ILDOESRE
TEREZORREMZ R LTI LI D,

Q) # BRAL R E R
) vYE—=XJ ETI
NHEy F=R=3—FE7 /MW TE, BARMRE. ADRRER, BERRETEETH
0. EPEEZROMBRMEIIAE LR WS D ERE STV, Solow(1956) i3/ my F= F—
~—ET VNEEAEERBEONRELZBEL 2L T, ALEEHWERR L2781, BHEO
BT O — LV CRMOBBEZ Hf> T\ D REETVOBBETH DL Lz, o
F0. ~"my F=RF—3x—F7 /0TI, RBE NHE, EARGEER EOBER TR M
HEH->TWDEDTH D, TD#H%., Solow(1956) [ZZFNHDHICHOVWTEREZMZ S Z LI
FV. Gy =GR ENFIZ T D KO RIKROMEL RS, WORMEER M2 T-, O
TR ORI EFEREAEA L, BT 2INHE—ETH D, ORI DOITEIC
BT OREEFET S, ok, HED 2 EHITEE LR, ZUZEY. 6=6,D
AL AR E T HDTH D,
Va—=RATETIVIRD L HIZRBITE D,
=K =58Y eeeee: (52)
Y = F(K,AL) -+ -+ - (53)
2T AL ERGETH D, EFERABUIBMRICE L TINE—E L WO HE AR, —
RIFAIRTH LD, T7obH,
AF(K,AL) = FQAK,AAL) A > 0-eeeeeee (54)
Thod, £7o. AR
Ly = Loe™ - vev e (55)
17



L L, BEREANEICHRNT D EINET D, £z,
I = K =sY = SF(K,AL) ......... (56)
MRS L, ZHud ey R= R—<—E7 /LT,

ZEHRLTVD
Z 2T WABERICHAEND £V 5 B CORERERIIE T, Loinb,

. K
K sY sF(K,AL) SALF(zp,D
K K K K
::@\@%%@M%ﬁ%t@@%ﬁ%uﬁaw;k=£ﬁ%éoitJﬂ%JﬁMK
LB f)EEXBIONLINL, B8)ALD

K _sf(k)
= veeeeeen (59)
Th b,
—Ji. BREERITDRIBOKERR LRV, T2bb,
(AL) A L _ 60
AL A+Z (X""n ......... ( )
ROT, PRAEREF L BRRELOBRE LT
sf (k) =a N (61)
k
D ARTASK

Bl UREERR Tl 2hRFTBENLOGARDOIRFEFEN VBT 5, £ 2T, sf(k) & (a+
Wk N7 T 7 ETRDLZ L LR B EREOFENRIES D,

T, Ya—=RAUETNLTIL,

k= sf(k) — (a +n)k-w-meee (62)
L%,

k>k*ThUuE, (a + 0k > sf(k) 6 kiZk*ETIKRFT 5, —H. k<k'72b. (a+n)k <
sf(R)MD, kiTk® 125K, Ko T, ETMIPHATEETH D,

Y R—=AT T IL, ATENBRARE A RO AR A R ET D 2 LR, e
v K= =3 —F7 /MCEBT 2HERE ORGERMF LT3, ZORETIE, EHEER
T EOREFE TR L, ¥ 5L CHLEJRT2EmcH D, LLELY, Yyer—=
AU ETIVOIMEIRO X HICER SN D, B2, BT VOERME TR
BIL72721 2T, ZTORE ETOTRTOKECTEROREFRIL, 507N NRE
FROFEIESRE —FT 5, F I, 1 AHTZY DERZ by 7 DWW D IHREEN D
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HFELTH, BFETRMITEHFEDRERBIZINRT 5, Yru—=2ATU E7 /L, &R
A by 7 OBRABEOWER « NORE « BAfER 2R lR 0=RN & L TE L LT,

2) SLEA=FvR=U—TIXETI

YR—=RAYU UETNOMZDHREO—2I%, FEEMIERT, DO—ETHDL LN
I ELTHD, MEDOMET 1A% LV ERICEKBT DL, BRFEFAITY T ki
ITEERTH DK L EEOWHERR LTSRN ENENIRES N D L O RET NVDPME
LB, ZOXORMEEMEZ B &1T, Cass(1965) & Koopmans (1965) 1%, Ramsey (1928) 2
I o TIRE SNENEBREILOSHE Y o —=2T L EFLICR Y AN, IFZERORES
WAL LT,

BIREIZIZ, Yr—=RDULEFALTD, =K =sY#%,

C=F(KAL) =K+ (63)

LEEXWMZHADOTHD, 22T, CEFHOMEEEL, 1 AHT-0 OFEEITcEERT,
ET VT, FRIOWABERILIND KO ICHBEENRESND E L TNWD, TV
DIEAMEEIU T DL HI272 5,

(o8]

max U =JO u(c)ePtdt
s.t.
k=f(k)—nk-c,
given k(0) e (64)
w(OIFHHEETHY . 1 AdH72 OHEEICE L THEIN T, MEKRTHL, 22 TEX
LRI, BRI R TROBIKSRMEDO S & T BRIIM A A 2 F30M LR RKIET 2
L O RHE LITEZBIRT SR TH D,
BT, FETNAVDHEZONTYH, Yr—=ATU U ETNRETOHM EEREEL
7o BT, BeRMEFEZ V., RaliTE R E L,
E9. BUEMEANI NV P =7 U ERO LI ITHRET D',

1-6

C
[= e AF () ke —c] oo (65)

ZIZT, AV R - TTIALATH D,
BRAEDIZ DD —ES 2 ET 5L, T LOfEL LT,
¢ u(o)

c u'(c)c

[f'(k) —n —p]-eeee e (66)

U = =2 TORHEEE A E@E O CRRA BRI B L B/E SN TS,
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Y E XY (S

TLEA=F ¥ A=/ =T v AETNTIE IFERITL ADHTZVDOERA Ny 7 kDR
BThd, ZOLIRIEEICL T, EFLOBFHERITL D BEORFICAILIZH D
L2 0 BRI IIRR T T VOPSLABHLEN DD ThH D, Y r—=AU F
FI LR, TLBA =F ¥ A= —T < AET/LTH, HREEBICEEST S &, FEH
EEARA by ZIEANORER & HIFESRO CRGMICRET 5 L OffmIcE -7, L
MU, ZOETNTIE, BEIFESRINEDOETETH T,

(4) NEMBRERETIV
VB—=RATETINET AR, =X A= —T < AT VIZBWT, HiliES
ISMVERICEZ DN bDE LTz, ZORIRTLRICEST, LD 2 DFT/MIIEMAA

SRz RS, REIFIC —E DR RN FHE S N D & Ofifam 2152,

IZxt LT, HeiiESR e E2NAMT 2 K ORBT-ORNERER®RTH S, NE
HIRRFERICIB VT, MEZNAERICAIHT 2 A =X L Z R LT 521X 2 20T 7
R—F D, 1 DI, FrdrBIRAE T 7 /UIZBIT 2 BRI 2 IR O RE 2 R
HZELThD, TOMERFIE LT, Rebelo(1991) 12 X W HEFE SN 7o EARITKF T 2 IUHE—
EXE LT AKETARH D, &9 120, IEBRRIZAE LA — =%, H 2505
HMEZRV AT, Z LWL > TR T AT 70 —FTh V| & 2 CTIIAEERAEE FARE ]
REREARDIERR & B lad, TOHETIE, BAREZYIEARL NEARD 2 FEIHICH T TH
ZDHET VNG D, Frankel (1962), Griliches(1979) . Romer (1986) . Lucas (1988) 72 &1
AENF =N RN B C DB T VAR LT,

Romer &7 /L DAL A2 1H1S,

max U =f u(c)e Ptdt
i,c 0

s.t.
x=fl,n)—i—c
n = g(i,n)
x=0n=0 e (67)

ThDH, TI T, xITHE°. MEARMRIUAND & 5D D AEEER DR, niTH O/, i1X
HFRDEEIIBASNOHBEMOREZEX Y, COMOBEIL, i RREET v & —

12 27 = TO Romer ET /L OVRIDFRIITEIR « KEE(1991) 12825 -7,
13 ZféIJC"ET/V& U COfEEF, FEARMIZIIH T MIRROEKR EET /L ERETH D 7O e AT 5,
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T2, ZOFETNATIE, INHEBEEOMWE 2 FFOAEERREZENTSH, —EDOFRM T Tldx
BRI OMRGEOND Z L 2R LTz, £z, FETAOIERED 1 2l%, 1 NbT= b OHE
B Tak ) EARPFHEAICRE LGS L WO RThH D,

Lucas (1988) 1%, Uzawa (1965) (T & » CBRFE SN T-ET L& IAEEL L 72",

[oe]

max U =J u(c)e Ptdt
v,C 0

s.t.

k=f(kvh)—i-c

h=hs(1—-v)

k=>0h=0 e (68)

2T kT ASTZY OYMHERT, kiZ 1 AHT-0 D ANHERTH 5, viXFr @Rk o

HO LR TH S, Lucas (1988) 12 KX, B R RITEARDE R0, ANEARDIM
MR LIZLoTikED, £z, EFRETHIUZ., HHRERITAEBRERESE, AWERD
“HE, DO WITRFFRRIFRR I o TR E D, o OW%EIE, JottE & ez EEE
OO EREEIZONWT—EDMHZ 5.2 T\ 5,

5, BAEEXRARLEAABRFZOAREROLE

() BAEER{REENBFZORREROLE
AEITIE, FAEERGH &G E PO EHROMECOWTEIZ1T 9,

£, FAAEERAGIITEMED A RS U, MEXR T CEmE B L WD, 2l
it U CGERIRE P ORI ITMM - IR THREEZRIAL TN D, Fo, FoEA( =
¥y A= —T < UETNUEL, DAUIEROET A ~DOEAR—KHIT > T\ D,

WIZ, FAEERIGHICIIEARZ L HBEN O D 2 BEOREEREZREL TWD, —
7. EREBEHEFRICESSRERRICBWW Y r—=AU v EF )L my K= R—<—T
I~ 7 B RRFEIC T D0 LB OBRE AR T HBRICRE EEREE 2 TRy, fllh,
TLBAS =%y A=/ =T~ BTNV ENENREETT MTEO TIEREEREE E R E K
EL, BRFEREE 1 NAORKOLREATRETED L) RFEEEZEZLTVD, IHIT, #&#
HEERIIHEZ RIS 5 X5 2BIUTHAHRI N TV D,

F7o. ~ry K= R—<—EF7 /U, IFEMER R OEH-BEAREEND 5 —E O 2
TR IR FNRERENER TE L L EMHL TS, T LT, "By R=F—~
—ET VBN TTERERRE F CORRIIALER LD TH D, —F., Bl IR E

14 7 ZCO Lucas BT /VOMADEHITER « KEE(1991) (278572,
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ET NI ONENREET VITEFIENLE T D, vV I ZADOFEERIGRITEARD
FAPE - RBSNEFICET T 2720 DORMEZRTZ LA E LTS, ZOEKRT, Z
MUTRRF OLZE « NZEMBERT 2720 DFET /L TIHRYY,

B, FAERRGIIM EZMEY L BRI TELTHER, ITRREFROKREH
F CIEE L FEHOM L& 2 Tuhveny,

RZIC, BFREERICOWTTH DA, FAEERRG L IERREFOME R & R L
<. BAEW L HEINESRzHERRFRREERNTHLLT5 T, FETVICBIT K
RO RBFTIEITE R > TV D, FAEERRGRIZB O TUIEAROGHEIIRE R O & L2
BRSO BARBNE L LTA A=V ERTW5, 2B, BRBRFEZOKREMERICE T 5
NAERIREET VOEDOMODET L & OBNIEMESREZNEM L T DHRTH S,

#F1-1 HAEERRG &R E R & Ok

WA T 0 R B
ey K= | FrilHIREEET v
BAEERSGRE | F—~—% | Yyo—= | J2a¥/= | NENKE
7L ATUE | Ry A= TV
T —T R
5L
SEREL 2 D AmAE | B E R 7L 0 AR
i)
FRWTT il Wl - ik
R LA EAK TEAATE) HREFHEEET L
S IXBRE L T FhE T
SIMERITTIGET L
Fat - ¥
PR E AR DR B EKRAL
ITEIDSEI RS L (TH2 - 2R
TWDHME I B2 - MR
W O 2MET L L IRt SN~ 7 v ET v
THER - EARM
R R D TIPS T8 NEEE ZIE
ENE




S LIE TN EAD SR AT AR PNZERBCAR
ATEAIRERL AR

AT A AERL

2) BEERAROEABEFZORREREOME—FRE 2 BMRERRETIV
P A ER GG & T UREH ZORE R TIX, FEPRA R TR > T boo, 4k
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IREGH R E 7V & R AT 2 5 A ITBREORE = i 5 ETOREERET S
N N S

REFETP, V7 ARFKEREETT V2= L L, ADORER L HifiEsEE2ET
NCHFSATIEIRIEE AT D, T LT, ZNOLOBMEMAMRE 216, FERFICH T
¥, Mathematica % H 3BT L& HRRT 5,

2. ETILOEE

(1) AOREEREZELEIILIRAREERRETILOERETIL

< V7 APRICGHER T TV O FEARE T MII A AR E RN E 1 THITESSFTE L7220
LWV 2 ODRENHTZZHITNDEN, 0O &) REEITERET T VOB LD T=H D
LD ThD, T VARG LIEHT DERICIE~ V7 AR R ET V& N AR
REFESREZE LI OO~ FHERET D LBRARRERD, —TF, w7 ARk
WERRE T VDML L TV 2 8l URFEF BRI B W T H BIEITIh > TAAER L%
e E T AT T OIXERTH D LRk S LT\ 5b, F72, KV (2007) TiEE
B RS (BEARFEFRDOIEIR) (272 2 DITTFEIAN 0 OZEAL & E TS 2 B EICANLRWIEE
ThodELEML TS, b —DHBEICR D DI, Fl 2R R GR T 5720
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203D TL DHIMERED Z & Th D, 1T » KV (2002) IZITE 7 /LD FEFE I RIC
L TZOE D RIEDN ONFELTVD

AREE, BARET M ANARER L BIMESRZID ANRP S BRI 28 < A A
TR EE, ETVOREMEM LM Z L2 B LT 5,
AECIEETAARERE T2 EZET 17 AREGEREET VA 7T, 2B, A
TEMAT2ET VT, ABREREBINESRPFMET D L o mESMT. (T - Kb
(2002) TRENTEEARET NV EFR—DEDOTHL, Thbb, ZO-BITITFEROMSE
[ EE L, ARG O BEEREEHENC 7 2 @RIl 2 e Kb T2 b D &35, 7eds,
FERTIT VB MAEPER P & BARMAEFER I O 2 SO AIFET D,

*:f\if\Amu%@%@—ﬁ@%ngznzo@&@ié%@&ﬁéom%ﬁﬁ
IBITHEANOEEL L35 &, t#cH T ANOLIE

LEMRTE 2, Eio, HEMAERM & EARMAEMMOAERBITIRO X 51272 %,
TH BV A PERR Y

Y, = AKE(s;L)f, (@ + B =1) e 2)
AR AR PE SR
It = B(1 = Sp)Lgw e eer (3)
EAE RN
K = B(1 — s;)Ly — 6Ky oo oor (4)

22T KATHEBEICBIT 2HBM EEARTHY | sfddBAAD D LIEEMAPEIZDH
TonrEGE2F T, UTFOHERCTBOCTRZItZEIET 5, 3 Eofa <, HiLd 5
Lbd D, FTA, BIZBAPERIC I T 2 EiTRE, SITEARDRUMERIR TH D, Z Z T,
@), (@) AT 2 UHE —E 2727, (2). DXNOWLzL, THY | B AR Otz
BT 5 &
TH 2 AR PE R X

y =40 (v

BEAER AT
k=B —5s)—6k—nk--- (6)
L0 1 ANETEY OARERY L ERRIZ L > THEEMBEZERE D,
ZOXICLTAAKEREZEEB LGS, 5 3 BICBT 5~ /L7 ARK#EKEETT L
DEAETIUTOL I ICEZWWZ L LN TE D,
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maxu=f e Pllogydt
0

s.t.
y = Ak%sP
k=B -s)—6k—nk
given kg
Transversality Condition tlLI?O e Pk =0 @)

T5 L. REHFENODRBAACIE A 70 OEFHME L b =7 2 HAZBL Fo
£2kb, Tabb,
Hc = logA + alogk + Blogs + u[B(1 —5s) — (n + 8)k] -+ -+ -+ (8)
ZIZT IR ET U O—REDSE,
e _,
ds

= %_H(,H_g):p#_ﬂ ......... (10)
o
ou
> BA-5)—-Mm+8)k=rk- o (11)
Ed, TNEILITEHT S L

= $={(%>s—(p+n+6)}s --------- (12)

—(n+6)=p+§

$=0
G pHnt kB
aB
k=0
_ B(1-y)
(n+96)
DErcHGzbNns, LT, (13), (14)XRKXVk—s Vi EIZEBIT D 2 BERORZREZRD

HZ LTk, s, kOEFMHEIRD S,

e (13)

k e (14)
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. (p+n+8)B
s Tan+8)+(p+n+6)B

Kt = Ba 16
_a(n+6)+(p+n+6)ﬁ ......... ( )

i35, (11, (12) A& 7= BRI OMAFRIT Saddle Point Stable (27225, La~L,
TE TGRS D Z & AT E ORISR bt Ui & 72 5 b OIEHIIHMEK (0) 15
TLRHEDS0)DHTH D, T OUWRITIEFIELW S AR TH D728, —MRIfRHT
BINZIRES 2 &R TERY, - T, BEIEZRrEll L CTEUEMATIC K> THELS 2 & AL EE
LD, TDOX D BRBUEMRAZ GRS 57202, AFETIE Mulligan and sala~i-Martin (1991)
DIEEME Sdu, P (1995) 23 Mathematica (2L 257 7' 7 —F % M7z Time-Elimination
Method % V%%,
F B (Policy Function) s(k)Z KD %%, = 2T,

ds ds/dt
dk — dk/dt

ThHo0b, BOREE 6). (12) LU oMy A7,

s s@® {[%] s@—-(p+n+ 5)}
sS)=v=——r"2 — _ _Z...... (18)
kB —s(0)— 6k(t) —nk(t)
iz, 722l st =s(k)Th o,
UEDXIHIZLTs' ()%, s(t) k() DADEEEE LTERBTHZ ENAREE D, 22

T RDEFMAERE X LOERRIZ L VEHET S L

e (17)

dsﬁ*/
s'(k*) = lim —-9k
k—>k*dk/
dk
[ Ba (s’(k*)k—s*)]
! * _— 1_a k2 ---------
= S = ey —n =3 (19
NELND, (19) XKEEHTBH L.
B’k*2+( 1548 Vo B2 ST 20
s'(k™) n m)s( )_1—0£k*2_ (20)

L%,

s'(kO)E. ZOZRGERADIERTH S, ZEMRKTIE, s'(k") > 0&ieT N6 TH D,
(20) K& fE< &

2 41(2013) T, v /v 7 APREEAE T T VOERET VOBERIEN RSN TS, 2HELHHFELEL
FE ] (1995) DFFENT FIEICHE> TWDHDTH D,

¥ BB EREE T, HDRICH L ThRoEsII—RBIZIRED | recursive REEDREETT NV ET, K
FEHs () BIFEET D,
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Bas”* Bas* \? Ba s*2
—(n+6+—)+\]<n+6+m> —4Bmﬁ

sk s— ™M N (21)

2155,
IHlT, FEFMETH D (15), (16) RAERATIUL,

—(p + 268 +2n) + J(p +26 +2n)2 + 1o+ 20 +(3n)2(1 — )
(k") = Rt (23)

BELND,

2) BiifiES - N\OREEEFZE LIV ARREREETILOEKRETIL

ATEIE, AROREEZET VT ANDIEEEToTo, AECIIAARERITMA T
Bt b BB LB E 0T T LV OILEEZ R D,

ARG 7 CIEAEA TR D K 9 7 3 FEIC S D™, 1 S Bt K v 4
FEEANR T OEEREZURTE VDR OVERBRARTEET LI ENTEDLLDIIRD
&V BAREHINEAES TH D, ZHISH LT 2 SHITHEMERIC L AEEBFE LR
JOEEREEZLRTL Y D WTERAETEET LI ENTEDLLIITRD &0 D FEH
KBTS TH 5, 3 DHITEAR L FEO L5 LOHAITB N THEAMICT O TR
WCEIIR E D72 VW EXTHY . ZHUTHF LM ERII AR E ERSND, KVFELLH
BT L, iliheb, FrGEOEAR - FEHIERIIH LT, AHOHM Y =7 (K - F)/(L -
FO)RAETH 2%5E 1%, HTEAIIHIH (e RRSZR) Th D v, —FH T, &l
WAL DA O RS, BEMEANCELEENO LR EFAUEIICSEDE ) L &IETD
NEFBHEM L VD, BRICEDEENO LR LFELT L HITHEDE S & X ITEARMIN
ThHdEWH EEEBTRT L ZNENY = [K,L-A®)].Y = [K - A(t), L] £HLTE 5,

DT AQEHEI R TR THY . A 2 0THB, EBIT, TD 20— LR
0. BIRESRIIPIN (b v 7 ARSLH) 22— A B FEE L, BB OEAR - 7@tV
TIRAEFED DN E EE-TWD, 2D L EPrpEEREEILY = A(t) - F(K, L) &
2%,

L)L, —EDONAREREZRFORETT VLTI, FEEEINAEITESR D 2 23 R )k
FRREBOFE, TROLRINAR —EDOHERLEEGHTH S L Barro and Sala~i-Martin

3 = ZCOFHMAIL, Barro and Sala—-i-Martin (2004) Z&E(ZL7-,
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(2004) THAEHA I N T WD, WP RIS, ARF TIXF MM BT A EENED O A4 pE B A B
Do
REDET VAT 2B AEPERY . EARM A E P F CHRECRET 2 & v
IMIE ZBMT D, T72DH,
A _Bi_
A, B,
Thod, ZIZT, PIHICHIT D 2 DO OHEMHESRRITA[0] L B[0] T, I T % Hfl
A ITA, = A[0]e?, B, = B[0leM & 725, Fiz, 2 ZC, 2EPICEBIT 2 HATES RSO
ol R W AN e

B[0]
m =¢
=  B[0] = A[0]g -+ --e - (25)
ThO, 2T 2 HMTERRIILLTO L 2 2BfR &3, T72obb,
B, = A[0]ee? = A, -+ - (26)

ZIT, y— VRIS 1 LT ) OB R E T, s, 22T, HRLOE
REHEN DDA TH D | MR E NS HR T B RS, = L
7B k= IR BT ) OUARDRTH D, T5 L. EFAORIKMELLT
DE OB,

maxu=j e Ptlog A[0]e*P dt
0

s.t.
A
= (k)*sP
A K A A A A A
k=——-nk—2Ak =¢(1-5s)—8k—nk— 2k
AL
A
given k (0)
T lity Conditi l AL =0 27
ransversality Condition im———=0---
> exp(pt)

ZOMBIZERNI R 2R Kb E 55 [ &b & LTI 2 &N TE,
BEAEANI NV F=7 VHAIULFDO X 9127 %,

A
He =log A[0]e™y + pule(1 = s) = (n+ & + k[ ver e (28)

35 R (2011) 13X, HANHESRIZ T BE LIz~ 7 AREEREET VOERET VO T L—LU—7 &4
ZLTWD,
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A A
Hc=logA[O]+/1t+cxlogk+,8logs+u[£(1—s)—(n+6+l)k] --------- (29)

IhESHITRS &

. ae
S=Y [~
kp

CoA
BEBND, 7. EWIRIEBICBT 55, kiT€rIZARB0T,

s—(p+n+6+/1)}s --------- (30)

s=0

A
_(p+n+8+Dkp
§= ae

A
k=0
e(l-y)

A
= k=asEn

e (32)
A
INBICEY, s, kOEFBEEFLLTOLEY 20D,

* = B(p+n+6+l) ---------
S T n+é+A+(A—-a)p (33)

Ilé*— & 34
T n+é+A+(A—-a)p (34

S HIZE 2 HiOHFIELFRRIZ, BTV OBERBEUILL T Oy R
A—‘s(t)—(p+n+6+/1)}

. S(t){
s'(k) = f = kp _ _ e (35)
k  e(1—s(t)) — 8k(t) — nk(t) — Ak(t)

aB

i SNHETFTh D, 5L, s*=s(k*)“(“§>éo
X o, BORBEEIT.

A

s’(k*)
* * %2
—<n+6+/1+ £as A>+ (n+6+A+ BaSA)2—4g(1£€“a)<f 2>

(1—a)k* (1-—a)k*
= e (36)

R Z IR o TRODHIENTE D, EEFETH S (33), (34) A& (36) U AT
A
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A

s’ (k*)
2 —
—@+26+M+2@+J@+26+hwﬂ@2+ﬂp+w+zzﬂm(1 @)
- e dee e (37)
2¢

PELID,

3. YXalb—vayv
ATEI Tl A D ERESR & SRR EZ R AN~V 7 ARRERETT VOA4A T —F
PR & Hff iRk OMEE 24278 L7z, 3 8Tl Mathematica®Z VT, 2 BiCib 7= DO
EfED 7 0 7T Kl 5, 2k, R v 77 AE2FPT BRI, HifitERRs
Talld s, FTRTA—F—OMEIFR -1 DX IITHKET D, K37 A—H—fHl
NZIRE (2016) ICHRR S PlE 2 HMEE(ET —ZICXVHEELZETHY . FHEMD
EMWEIETH D, 72, NAKERIZOVWT, Li(2018) 2AHE 2017 4726 2050 £ E TO
N EEREHEGE L2 FEF1% 0. 0576% TH VW . AFEIFZOMAEFIAT S,
KA1 NSA—H—
B 1) a p n

0.5264 | 0.17198 | 0.598 | 0.764 | 0.0576%
AT« EFAERL

Z T, FPKNRT A —F =LK & Mathematica L TEFRT D, £/, kg, ssEThZ

N1 ANHT=0EREFBOTEEMAEFET I ~OE RO EFM, | NbT- D EROYI K,

EEFBMHEEI VNS VETHRIET D, RKETIL, kg TEFMED 1/3 TRIET Do kIFEFMHEE

[l CAEICRRE S 2.

Wik, EFHBAICE T 55 (k%) 2 Qo) Rk vHET 5,

H

36 1 [if] (1995) (21387 IR R © 7 /L DO EEARE K Y Mathematica O # a2 — REZFTL L7 ONRH D |
Kanae (2013) H /L7 ARIKEREET VOERET VISHTE 2 a— K2R LEZLOBRH D, LiL,
Mathematica O3 — ROEXFOHESHIZL D | UFIOa—RZOFEETIHHATE RV, TORLEDEE
L7z BT, ABFEIEENSH D 2 DONATIHRO FIZ, BIETHHEXL L5 ICa— RIZBELTHE, &6
(2. BAFZRIZ 2D D 2 DHATHIZE &8V, WY NT A —F —HEWFET 5,
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4-1 s'(k")
0.50

s'(k™)

045

040

035

06 08 10 12 14 t

SEIRE = X(DD

B EOREAEICs(K) ) Ds(k(t)ZER LD O, o HRE QD L k(@) ERkD D, £
LT RD7Zk() EM HRERQCDICE Vs KD D ZENTE D, TNHIZESEk(®).
sSODOIRKE Ty b5 Z ENAMRRIC AR D, FERIZLLT DX 4-2, 4-31272 5,

X 4-2 k(t)
ko049
048
047
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045
044
043
10 20 30 40
t
HA AT 2 ERK
4-3  s(t)
S
15
14
13
12
10 20 30 w0 t
H AT 2 VERK
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4. BBHYIC

AREILILT « K (2002) 12 X W BAR SNz~ V7 APREREET L E_X—21ZL, A
HACR R & HIEARE 7 VTV IATYRIERE AT o7, S BT, FEiEFEIC LB L
72 D5l fif < 2 & CHIERFEICH TED, Mathematica 7 Vo FEFEOHT O F LA -4
L7z, ZOfERs, kIZRFICx L CHFRAEML, WInb —EOEFMEICPERT 5 &0 )
fEm b, £, IRLIEETAVOIFFEITERETVERLCTHL Z LR LMNIT
ol

L, B2EITHLEALIELOIC, I TILEFRIREBIZRT b5 & 23R8 — A b
720 OERDOEFIT—EDMEIZNIRT 528, 1 Ab7 ) OFARREIL L OFIE THRFAIICHEINT
HT WD, FTHELERKOERA Ny 7idn+ 1L OEIE TREMICHKEL TV Z &
BHBMNIRo T, SHIZ, FARNESRT I8, EFEENRE 2D 2 E0EENG
B, EFRE~BITTL2ETORMOELS 2D, 20X RFRIT, BARESRENE
REBRBOKEZTIEZLIZTHHDOTHLZ L ERB LTINS,

LALe s, REOILRITI VI ARKIERRET VOERET MZESNIZHDT
HY ., BRUBFBOIRIZ L > TEESND EIE LTZET AL TH LT, EARMAFE
M COEREMNENE S RDODITHERTH D, LEER->T, BT NVOEISHEZ &GO D
T2 DT, BARMAENEAR L T L > TR ONDILEEE 2 2T TR 520,
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58 BARMEFMICETIEARAMBAZER LYY ARKERRETILOHRR
PEREFOBRER E— FICEET 2

AEDEM
3, 4 ETHWIE~ LY ZAREGER R ETF VO EAE T MATIE, EAMARER M o 4 pE
BRI T DAL L TERABEZEE RV E WV IENFET 5, 20X ) =T,
% 5 ETCIEY NI AYREGEKR T T /VOEARET MZEBIT 5 EARMAERENM O AEREEFIZ
EAMEZMZ, BFHELEANZL B2 THAET VA~ LIET S, LT, €5
NOFREE LTD 2 KOAA T —HEAKOERNEHWT, BRWVEEZ W, PER
FSE o R EALS I CRET DR A T 5,

1. [FXC&IC

HE 2016 O FEENRAEFREIX, BHEHT 6. T%HEM L7z, LovL, HOERIT 6 48
BT T LTEY . 26 50 DIEANEL 72> T D, 2010 LUK, o ERE AR RIT 10. 6%
ZTED, ZOETPFENTHDEDTH D, TEBRFOELDEENLE I RDLDN, 5D
W E 72 EO L 512, PlREEZK X TRERE (Ba k) ICHERB L T\ 5 O Ty
mE . RN OEREBEET > TS,

IOZLE—o0EERERE LT, I, PETHER STV D DR~V 7 RYREE
REETNANTH DY, HITETTCICM UL 21T, w7 AREGERE T T VT, #RFER
RROKT Lxt DP HEIK FOMKREEZFAT 2 —2DOFENRETANLTHD, Thb
b, w7 ARKEEEET VT, BRERENERE PR ERRE (B e k) ~& R
AREAICHERS L COKBLEIZX LT, —EOmHNIEHT 5,
REOMEB LN HEEROIL, ~ /L7 AR R T T V% VT EREOR RO
B ol ORI 2 K7 L7z Shen (2011) & KVH (2016) TH D, MMFIEE &, PEIZIKIT H0F
K ORBEEAR T RDPBUR DM D=5 0 EFE L, THICEET 5 OIS L3 72 1R
ZRHET 5 &0 9 FIEIZ L 5T, Shen(2011) TiE 2040 4F(2, K7 (2016) TiE 2033 42k

aplE LD ETFHIL,
=77 L. KPE(2016) TR Shen (2011) %2 TiE, EHEBERICBWO TN D0 OBVMRE
N D, Bz IXHEAFIE & TEFIRRE L QSR I2 1T D B AR B @R, EF TO5# /)

LBEAM ORI RZFHET 203, TN b OZLITRMC —EDLRTENLT DLV 5 M

3 HEO< VI AFFERETT VT AEOSBFICB O TIRICE SIS TS, &6i2, <L
7 APRIFOE KT TV ERITT H K OHFEE (KT, 2015) & FEREICHER S CTHR ST\ D
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WRGEZ 8 &%, FHR SNl & AR ER & Aot B rplRICBIET 2R A HEE L
TWd, 2L, 20X RIEFFBRENTHY | BEIEDETIELZ D, HilHE
ZATOMEDR DD,

KREITE T~ 7 AR R ET VOB ZITV, KIT, Shen(2011) X TR (2016)
BV TTFRIICHWb NI~V 7 2RISR ET V&, SROMGEZ VW2, X0 Tl
W LT A~ ERRET 5, &6, ZOIRLIEET /MIESWT, FEREOE R
FRRALDRFH 2R ET 5 2 & 2R 5,

2. TNV RARZBERREETILOFRHAETILOEREER VFRFAHEZOETHE

(1) RV RARGEREETILOFAETILOEREE

B3, AFETERY i~ 7 APREHEREET VL, BARMAETMORAZER L LT
FEIIUNBE L TWieholz, BLEOAETIE, BAMOEEIZBWTZZE, 1%L
DEARMBFEAISNTND, £ T, BRMAEIZLERMBEAS N TV DHILRET L
EHMET LI EIEFRNEARARARTHDL, ZOLHRMZEE LT, K - &1L 2015)23H 5,
FFEDOKRE (2016) . Shen (2011) DAFFET S £ 5 LIZHRIEET AR EDILTNDY, Lol
ZOYERET WVIE— RGO AEDRRETH Y | EFHMELIG OV, ThbbaRRE
(2B 1T D B EAEAE L O EBREE B AN ERRIICEE ST TN & W) BENFET 5,
ZOX D RRBIE, K - 4L (2015) Z & RO BRI ZEN Z O K2 FilE L Tz Z
L2k o T, K (2016) . Shen(2011) 72 & OEFEMFFEN R E N e HEFHIHH D S 2 215720
STRROBH Lo TnD,

Z DT, ARETIFIRIZ ZOOEIEE S (HE M AEERMIC KT 2 RO ) . s (H
B AEPE P I 1T 2 B DBL /> H) OBV FHRIE A E L A A T — HRAOBEH AR5, 5k
TR I IR L TV A, R EZ O L DOE D TEICER L TWTIEELFD
IO EOBEITERESND, ET VNI RAREEMEET VOEKRKET VOGEEZE Z
THE I, EARET NV CIL, HEMARERM & GEARMAFERM &S B 7 A D 53
EN. TOWEDOHAERKRE L THASEDETHARRIN TS, 2T, EITRE
EROT D720, BB~ OEAR L 558 Oy R ITER AL OFEE S & L Tlbi
TV, Fio, WHEREBIZB W UIF BRI HROBR EERA by 7 OBLERER

8 BARAIZIX, Shen(2011) TITEARIBLLERIZ, K (2016) TS & EAM OBy R ITEIICESR
TENTDHDEVIHIREEZANTND,

39 Z 2T, KPE(2016), Shen(2011) DFFZECTHEDLNTZET /L, T7bH KA « £&71.(2015) 12 L 2 EARM A
FEICHEARMMPBEA SN TV BIEEET V&~V 7 AR E T T L FIET L E RS,
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TRITNETRERNDOT, BRRA by 7 ZKIHBEMAES I~ I B DRy tR 2 s L EV
T ERRIEICBT s, KOBLRRLRICRY 2O Las=0 K=0TEL T,
KV » &L (2015) DE T /TERET NVOILETH 208, EARE 7B )O3 HREZ 2
PN, WERPIC B S8 & EAR B L, Ly, Ky, Ky &R L CEE L TV 20T,
BEARETNVOGE LITES T, BEIRKZ BARICHET 203EH LW, 1o T, B
WAEBLE LTI, JERET AV THEARET VO L 9 ITRERKIZIIT 2 1HE M AEES
FH~OBERA N> 7 OELST ISR &) B EE AT HZ EREFE LUy,

L7edo TRETIE, BARA Ny 7 L9578 OBLY 2 RSB EE Ss, o2 LT
ETTNVEND B D, DFED ., s, o ENENTH E BROWEE T ~OR SR LTS
DThHD, bHbAA, ZITHE, 0<s<1, 09 <1ThD, TNEIITEHRIE %
ED XS HHE(s:1 —s) TZODOFMICHEIT 20 BHEARR by 7 2 8D L9 Itk
(:1— @) T OO ENIT D& EKT, T7bH, K- 4L (2015) I231F DLy, Lyld
Ly=sL, Ly=(1-s)LEEXBEZ 5N (LITHRTE ). WU, K., KIEK = 9K, K, =
Q1-@KEEXIEZOLND (KITHRER),

KVE -« 4L (2015) DAFFE L T2 0 | EARL B OB TR, sHKE & HIT, HRFHE
EER L L CETVICHAIAENTWD, S HIT, HEMAEESMEEARAMAEFERME b
HACET 2 INE—E A INET D, TRDb, a1+ B =a, +B, =1TH D, a;. alIZh
ZN OO O F BB T BT NZEN _DOHHOBEARNEHLETH S,

E B HBEMAET M (YITHEY) & EARMAEPERI (NXEARM) 04 ERE RO X 5

WZRXET D,

I =B[(1—@)K]*[(1—s)L]Pr-eveeenn (1D
Y = A(¢K)a2(sL)ﬁz ......... (2)
1'( =] — 8K evenene 3)

ERERIE(D) . @ RABFORRO L 5 IcRHT 5 - ENTE 5,
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5-1 ETIVIZEIT S 2 ADEERBYMOMA ML RE

Y
¢é;/////)7 (YHE A= PESRPY)
(1-9)K K
<:::t—’/jf§12E#*Eﬁ§%BP%) sL
(Li;\\\ L
(@A)
AT - EEVERK

S HIT, R - 4T(2016) & [Fgk. @RV 2 (1) (2) o> 2 RO EPERIEL % filF95%
fEE LT, mNMETDREE D L

(o8]

maxUzj0 e PtlogY dt
s.t.
Y = A@K)® (sLyP:
K = B[(1 — @)K]=[(1 — s)L]P* — 6K
given K(0) - (4)
L

o

5.

ZOERGITHE D ZEDORA T HRITE ) ERERE ZODOEFEHMICE D Bly T &
MEVI FEMETh D, BRIIZ, £ETVENTHE S, T2 TR - 4L (2015) &
[ U < #ilf0Sh &2 B I AN REAE NIV =T v %

H.=logY + #1'( ......... (5)
Lth, ZIT. nBEAMOY Y FY - FIA A ThD, TIT. & BITKIC (5) RE AL
AT DL,

H.=logA+ Bylogs+pylogL + a,logK + a,log @ + uB[(1 — s)L]P1[(1 — ¢)K]*:

LA,
b 7= 8 D —RESA,




> Po - pKmusp i - s

% — _ I‘ a, _ a;-1
= 2= uB[(1 - )LPa K4 (1 - ¢)

. OH. .
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%6& Chapter Five Model With Labor Force Growth : A New Projection of China’s
2009-2050 Economic Growth

AEDEM

ARETIE, F5HETOIIRET M NAREREMPATL Z & 2R/ A5, £ LT, AR
R R A B LIZET V& VT, 2050 4FE TOHERGE & THIT 5, FREsE R L,
2026 E|\2, FEORFERBILT AU B ZBWEIL, £72, 2050 4127 A U B ORFHED
MefEed b ofimntfFoni, —JF. ¥ ab—Ta Yoo BIE 2050 42
BWTH, FEO 1 AHT2V D GP IZT AV B HWIE EED LW THIFERS
RN,

1. Introduction

As China’s economy has matured, its real GDP has slowed significantly, from 14.2% in
2007 to 6.9% in 2017 (International Monetary Fund 2018). The Chinese government
has embraced this decline, calling it the “new normal.” To analyze this decline, we
introduce an optimal growth model called the Marxian optimal growth model; it

explains the declining trend of the potential growth rate as an inevitable historical law.

The Marxian optimal growth model was established based on the labor theory of
value by Yamashita and Onishi (2002) to prove the theory of historical materialism in
Friedrich Engels’s Development of Socialism from Utopia to Science. The model
explains capitalist developments under the law of birth, growth, and death from the
perspective of the “upper limit” of capital accumulation. Here, the “birth of capitalism”
i1s caused by the Industrial Revolution, and the “growth” denotes fast-paced capital
accumulation. Finally, the “death” will be reflected when the historical role (economic
development) will be fully achieved. In this sense, the Marxian optimal growth model is
an appropriate model to explain long-term trends of falling economic growth. The
Marxian optimal growth model has attracted significant attention in academia and has

been applied to several empirical studies. (Literature on it has been published in

2 RBIZRBITDHLEDY 77 L ZADMFIZHONWTUIMOE L G T, HAFEDSE LD HAFE TRC
ﬁ—o
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Japanese, English, Chinese, and Korean, with studies in World Review of Political
Economy, vol. 2, no. 4, t00.)* To understand the Marxian optimal growth model, we
explain three important considerations of this model according to Yamashita and Onishi

(2002), Onishi (2011), and Onishi (2015).

The model considers material terms to express the fact that accumulation of
machinery has been effective for production after the Industrial Revolution. Specifically,
before the Industrial Revolution, an incremental change in the “means of production”
did not result in incremental production capacity, while after the Industrial Revolution,
the incremental change in the “means of production” results in an incremental
production capacity**. According to Onishi (2011), this kind of relationship can be
expressed in terms of an elasticity of production with respect to the means of production,
wherein the elasticity has a value of zero in the former case and a positive value in the
latter. When expressing this elasticity as a production function, labor input serves as a
factor of production in addition to the means of production. This can be expressed only

in the form of the Cobb—Douglas function®’, as follows:

4 The Marxian optimal growth model has been applied to empirical studies on the Japanese,
Chinese, and South Korean economies—Tazoe (2011), Shen (2011), Yin and Yamashita (2013),
Onishi (2016), and Li (2018).

4 The means of production is the “hammer” before Industrial Revolution, while it is “machinery”
after Industrial Revolution. In this case, giving a second or third hammer to a feudalist craftsperson,
who uses the added tool, will not result in any increase in his or her production. However, after
Industrial Revolution, an increase in the number or size of machinery used by a single worker in the
modern industry will alone cause an increase in production capacity.

4 The Cobb-Douglas model has always been an important subject as evidenced by the aggregation
problem highlighted by the Cambridge capital controversies of the 1960s. While Shaikh (1974)
strictly criticized the aggregate product function, his study showed that the Cobb—Douglas function,

EEINT3

with constant “returns to scale,” “natural technical change,” and “marginal products equal to factor
rewards,” can be incorporated in empirical studies when the distribution data exhibit constant shares
with broad classes of production data. Moreover, Shaikh (2005) showed that the aggregate
production function can always be made to work on any data that exhibit roughly constant wage
shares, even when the underlying technology is non-neoclassical. On the other hand, in Yamashita

and Onishi (2002), the reason for using the Cobb—Douglas function was explained from the
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where Y represents the production of goods for final consumption, 4 represents “total
factor productivity” (a technological coefficient), K is the means of production input,
and L is labor input; o = 0 before the Industrial Revolution and o > 0 after the Industrial

Revolution.
The Marxian optimal growth model is based on a roundabout production system.

Here the production of machinery is assumed to take place only using labor. This idea
is expressed clearly here as it is a model of the labor theory of value. According to
Marx’s reproduction scheme, there are two sectors in an economic system—the
investment goods sector (the means of production K) and the consumption goods sector
(the means of consumption Y). Then, the relationship between Y, K, and L can be
described as shown in Figure 1. Here, the total labor L is split into two sectors, with s
(valued 0 < s < 1) portion of labor diverted to the consumption goods sector (the
production of means of consumption), and the portion 1 — s to the investment goods
sector (the production of means of production). In this way, the production function of

the consumption goods sector is
Y = AKC(SL)F - v oee (2).

And the production function for the investment goods sector can be simplified as
K+ 68K =B(1—8)L-e (3).

Here K represents the stock of means of production, K is the amount of incremental
K over a period, B is the labor productivity, and § is the depreciation rate, with a value

of 0<é6 <.

perspective of whether or not the accumulation of capital is effective for production capacity when
comparing the production mode after and prior to the Industrial Revolution. To explain this
relationship, the Cobb-Douglas function is the best and only fit of production function. In the
extension model below, we thus take Shaikh (1974) into consideration by setting the Cobb—Douglas

function with constant “returns to scale” and “marginal products equal to factor rewards.”
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The issue of concern in the Marxian optimal growth model is how to derive the
process of long-term capital accumulation. This issue is formularized as an optimization
problem. To derive the long-term capital accumulation path, Yamashita and Onishi
(2002) formularized this issue as the issue of maximization of production of the means
of final consumption using the two production functions introduced above. In this
scenario, the Marxian optimal growth model is a normative model that considers the
maximization problem under a constrained condition. Here the utility function*® is
inevitably introduced to measure and represent welfare from consuming the production
of the means of final consumption. However, considering the diminution of marginal

utility per unit of consumption goods, the level of utility to human beings at any

46 «Utility” is a long-standing objection to marginal utility theory by Marxian economists. However,
as explained, the Marxian optimal growth model is a normative model. Instead of reflecting the
reality of social functioning, the model was first established to explain the necessity of capital
accumulation in different stages of society or economic development. Here, whether capital
accumulation is necessary or not relates to the definition of capitalism. The conclusion of the
Marxian optimal growth model indicates the inevitability of the death of capitalism. To analyze the
process of long-term capital accumulation converting to the end of capitalism, Yamashita and Onishi
(2002) considered the optimization problem under the constrain condition. Furthermore, here the
optimization problem is related to the judgment of a “good society” or “bad society.” Thus, we must
inevitably introduce the utility function, as it can express this judgment.

On the other hand, in fact, Marx did not object to the use of “utility.” In Capital, Volume I, Marx

wrote,

To know what is useful for a dog, one must investigate the nature of dogs. This
nature is not itself deducible from the principle of utility. Applying this to man, he
that would judge all human acts, movements, relations, etc. according to the
principle of utility would first have to deal with human nature in general, and then

with human nature as historically modified in each epoch. (1987, 527)

Hence, we can state that, under the assumption of general human nature (representative agent in
modern economics), the use of “utility” is acceptable. In addition, “modern Marxists,” including
analytical Marxists, especially John Roemer, built a strong foundation based on the theory of
marginal utility. Furthermore, this problem has already been explained and defined by Onishi

(2011).
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moment (instantaneous utility) is log(¥)*’. Additionally, we convert the sequence of
utility continuing into the future to its present value using the discount rate p, which
expresses preference between the future and the present. Finally, the inter-temporal

utility is rewritten as
U = f e—Pt logy(t)dt ......... (4)
0

Here, e is the base of the natural logarithm, and (t)appended to Y indicates that, in

this calculation, Y varies over time. U is the inter-temporal utility function.

Therefore, the issue is to maximize the inter-temporal utility U under the conditions

of the two production functions identified—that is,

o

max U =f e PtlogY (t)dt
0

s.t.
Y(t) = AK()*(s(t)L)#

K() + 6K(£) = B(1 = S(t))L -+ -+ - (5).

Thus, the ratio of total labor power split into two sectors, (s(¢):1 — s(7)), is set as the
instrumental variable for human beings. This is why this model is called as the Marxian
optimal growth model—the issue is formularized as an optimization problem in the

growth process.

In this sense, the Marxian optimal growth model is a bridge between modern
economics and Marxian economics, that is, it specifically explains Marx’s theory of
historical materialism in the context of modern economics (methods of constrained

optimization).

Considering the simplifications of the Marxian optimal growth model, wherein the
production goods are assumed to be produced only by the labor force, Kanae (2013)

extended this growth model by incorporating capital stock as a factor of production in

47 This is because marginal utility diminishes in this form.
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the production goods sector. We name Kanae’s (2013) extended model as the extension

model of the Marxian optimal growth model.

Like the Marxian optimal growth model, the extension model mainly discusses the
inevitability of the falling growth rate and the falling investment ratio of GDP.
Consequently, it is considered an appropriate model to analyze the falling trend of
economic growth, and accordingly, to forecast the economic growth of countries that
have gradually decreasing growth rates. In fact, Shen (2011) and Onishi (2016) adopted
this extension model as a framework to predict China’s economic growth. Both studies
first calculated the number of times the future optimal capital-labor ratio corresponds to
the current situation, and then calculated the necessary period to reach the future
optimal situation with the assumption that the current situation is in the optimal path.
Shen (2011) predicted 2040 as the year when China’s economic growth rate would
reach zero, while Onishi (2016) predicted it to be 2033 under the assumption that the

total labor force will be constant.

In the process of reaching the zero-growth period, the economic growth rate is
projected to change from a high-, to a medium-, and finally, to a low-growth
(zero-growth) period. However, Shen (2011) and Onishi (2016) introduced some strong
assumptions in the calculation process. For example, both studies calculated the labor

and capital shares in the consumption goods sector*®, that is, the capital-labor ratios in

48 The labor and capital shares—the part of total labor and the part of total capital stock—are used

in the consumption goods sector. We can also simply describe this using the graph below:

- - —
[ .

In the graph above, s andare the labor share and capital share, respectively.
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both the steady state and the base year. They calculated the optimal labor and capital
shares in the consumption goods sector in the steady state at the same time, and both
works of research set different assumptions. Onishi (2016) assumed that the labor and
capital shares in the production goods sector would decrease linearly in the long term,
while Shen (2011) assumed that the capital-labor ratio would continue increasing at the
average speed at which the capital ratio increased between 1981 and 2005.
Consequently, both studies estimated the time needed to reach zero-growth by
concurrently using the calculated optimal capital-labor ratio, although such assumptions
are unrealistic. Moreover, both studies assumed that the total labor force will be
constant. This is very unlikely, as the Chinese industrial/urban workforce is still

expanding, even if this expansion has been slowing down.

However, in the theoretical model of the Marxian optimal growth model, the growth
path of capital is endogenous. In addition, only if the initial instrumental parameters are
guaranteed on saddle paths, can the economy be said to converge toward the steady
state point. However, both these points are neglected in the aforementioned studies. In
other words, the empirical analyses conducted in both studies contradict to the
theoretical analyses. Furthermore, the labor growth is not incorporated into the
theoretical model. To weaken these assumptions and incorporate the labor growth into
the model, that is, to make them more realistic, recalculating the formulation is

necessary.

Therefore, we solve the extension model of the Marxian optimal growth model using
dynamic formulations by incorporating the labor growth into the model. We build a
complete prediction model without strict assumptions, and name it the prediction model
of the Marxian optimal growth model. Then, using this prediction model, we depict the

path of China’s economic growth from 2009 to 2050.

The capital is in terms of capital stock. Here, the capacity of the production depends on the holding
quantity of the machinery (means of production). The holding quantity of the machinery (means of

production) is in terms of the capital stock.
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The contributions of this article can be summarized as follows: (1) The prediction
model established in this article is an extension of the Marxian optimal growth model. It
overcomes the incomplete factors in the former model and could be used for further
empirical research. (2) The current empirical study cannot fully reflect China’s

economic reality but would allow adequate policy recommendations.

The remaining article is structured as follows. In the next section, we explain the
basic structure of the extension model of the Marxian optimal growth model. Then, we
introduce the process of establishing the prediction model in detail. In the third section,
we briefly introduce the data used in the model. In the fourth section, we explain the
specific stepwise process of the model calculation, which includes describing the
method of calculating the data of the initial state and depicting the growth path of the
Chinese economy. Finally, in the last section, we depict the path of China’s economic

growth from 2009 to 2050 and describe the status of China’s economy for 2050.

2. Basic Structure of the Extension Model of the Marxian Optimal Growth Model

Kanae (2013) first extended the model adopted by Shen (2011) and Onishi (2016). Like
the basic model of the Marxian optimal growth model, the prediction model
incorporates both the production goods and the consumption goods sectors. However,
unlike the basic model, both these sectors’ processes are observed as a collaboration of
labor and capital. The production processes of these sectors are expressed in the form of

the Cobb—Douglas function, which is commonly used in modern economics.

Indicating the production goods and consumption goods sectors by the suffixes 1 and

2, respectively, the production function of these two sectors can be introduced as

follows:
G(Ky, L) = B}{lalLl'B1 ......... (6).
F(Kz,Lz) = AKZO"ZL[Z?2 ......... (7)
K=G(Ky, L)) — 8K -+ (8).

G, F, L, K, A, B indicate the production of the production goods sector, production of

the consumption goods sector, total labor force, total capital stock, and total factor
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productivity, respectively. The K represents the amount of capital stock change with
respect to time, and 8 (0 < § < 1) is the depreciation rate of capital. Furthermore, G, F,

and K are time variables, but for convenience, we omit time subscript 7.

Like the Marxian optimal growth model, maximization of the inter-temporal utility

can be represented as
U= f e Ptlogy dt - «e 9).
0

In the model, the optimal allocation of economic resources is the mission or the
ultimate goal of society, pursued over an infinite period. Hence, the following formulas

are provided to draw the process of optimization of the entire society over time:

K1,K2,L1,L,=0

max sz e PllogY dt
0

S.t.

K =G(K,, L)) — 6K

Y = F(KZJLZ)
K=K +K,
L=1Ly+Lyweeeeer (10)

In the formula above, logY represents the instantaneous utility at time ¢, which can be
written as Uy*, and p is the rate of time preference. As the issue identified here is a
conditional maximization problem of inter-temporal utility while satisfying certain
conditions, we employ the following Hamiltonian:

H =LogY + A{G(Ky, L) — K} + R(K — Ky — Kp) + W(L — Ly — Ly) v+ -+ -~ (11).

Here, A is the conjugate variable of K, and signifies the price per capital measured by

utility. R and w denote the Lagrangian multiples of K and L, respectively, and represent

4 Considering the diminution of marginal utility per unit of consumption goods, we identify the

level of utility to a human being s at any moment (instantaneous utility) as logY.
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the capital price and wage measured by utility®®. The first-order conditions of this

optimizing problem are as follows:

.........

:AGL = UyFL =w

0H .
=pl—4,

0K

—R—26+4=pl

Furthermore, the optimal capital-labor ratio is obtained as follows:
©)
L

B {B [<Paj'55) 1] l<azﬁ15 + ,32?;’6: 6(1 - a1)})

1

B1

(a)“ﬁﬂrl]}

At the equilibrium stationary state, the ratios of labor force and capital allocated

between the consumption goods sector and production goods sector are illustrated as

follows:

30 Both are defined according to Onishi and Kanae (2015a). These are only definitions to explain the

meaning of Lagrangian multiples, which is related to the explanations of the first-order condition

equations, Equations (12), (13), and (14). However, it cannot be applied to the empirical study,

because these values cannot be measured. For more detailed explanations, please refer to Onishi and

Kanae (2015a). Furthermore, this also indicates that it is necessary to extend the Marxian optimal

growth model to a more complete model that can be used for empirical analysis in another way.
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After estimating all the parameters of the two production functions—the subjective
discount rate p and depreciation rate d—Shen (2011) and Onishi (2016) calculated the
optimal capital-labor ratio, the optimal ratio of labor force allocated to the consumption
goods sector, and the optimal ratio of capital allocated to the consumption goods sector
in the future steady state, using equations (15), (16), and (17). Specifically, both studies
calculated the number of times the future optimum capital—labor ratio corresponds to the
current situation. Then, they calculated the necessary period to reach it. In the process of
reaching the zero-growth period, the economic growth rate is predicted to change
following a high-, medium-, to low-growth (zero-growth) path. Still, some impractical
assumptions exist in Shen’s (2011) and Onishi’s (2016) calculation procedure. That is,
the process of the economic growth path is exogenous and with a strict
assumption—Shen (2011) assumed that the trend of the capital-labor ratio’s change will
maintain the same speed as that from 1981 to 2015. Onishi (2016) assumed that the
ratio at which capital and labor are allocated to the production goods sector will

decrease linearly. However, such an assumption is unrealistic, and should be revised.

Furthermore, Kanae’s (2013) calculation also has a limitation, where he did not
provide the growth path itself. Therefore, to introduce the economic system’s growth
path, we prioritize the Euler equations, which indicate these paths directly. Thus, we
overcome the limitation of Shen’s (2011) and Onishi’s (2016) projections. Moreover, by
assuming the total labor to be constant, these authors neglect its growth in their
theoretical and empirical study. To yield a realistic result, we thus incorporate the labor

growth into our model.

3. Basic Structure of the Prediction Model of the Marxian Optimal Growth Model
For the purpose stated in the previous section, we now introduce the process of

establishing the prediction model of the Marxian optimal growth model.

Like the extension model of the Marxian optimal growth model, the prediction model

incorporates both the production goods and the consumption goods sectors. The goods
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in both sectors are produced from the collaboration of labor and capital. The production
processes of both sectors are expressed in the form of the Cobb—Douglas function. In
the extension model of the Marxian optimal growth model, the total capital (K) and total
labor (L) are allocated in the two sectors following the simple formulation of L = L + Lo,
K = K1 + K>. However, in the prediction model, capital and labor are allocated between
the consumption goods sector and production goods sector with the ratios ¢(t): (1 —
@(t)) and s(t): (1 — s(t)), respectively. Furthermore, both are set as instrumental
variables. For convenience, we omit time subscript ¢. Then, the amount of labor is equal

to the Economically Active Population, and grows at a constant rate », that is,

L =Lgem™ e (18).
where Ly > 0 is the population for the Economically Active Population in the initial

period.

Indicating the production goods and the consumption goods sectors by suffixes 1 and

2, respectively, the production function of these two sectors can be introduced as

follows:
I =B[(1—@)K]*[(1 - S)L]ﬁl ......... (19).
Y = A(pK)®2(sL)Bz or v e (20).
1'( =] — 8K +evvee e (21).

I, Y, L, A, and B indicate the production of the production goods sector, production of
the consumption goods sector, capital stock, total factor productivity of the consumption
goods sector, and total factor productivity of the production goods sector, respectively.
a and S indicate the output elasticities of capital and labor, respectively. We assume
the function displays constant returns to scale, where the value a + f = 1. The value
6(0 £ 6 <1) is the depreciation rate. Furthermore, 7, ¥, and K are time variables, but

for convenience, we have omitted time subscript .

As the production function is assumed to be homogeneous to the degree of 1, we can
express it in per capita terms. The equations (18), (19), and (20) can be revised as

follows:
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Y = A(pK)%(sL)Pz,
y = A(pk)%shz, .. ... (22).
I =B[(1—@)K]*[(1—s)L]P,

i =B[(1—-@)k]®(1—s)Pr.cec.n (23).
K =1-6K,
ko= i— 8k — nk e e 24).

where i, y, and k indicate /, Y, and K in per capita terms.
Like the extension model of the Marxian optimal growth model, the value of the
inter-temporal utility is represented by the objective function, as follows:

0

maxU=f e PllogY dt----- (25).
0

which comprises an exponentially discounted instantaneous utility from the

consumption goods. Here, p refers to the subjective discount rate.

Moreover, we assume that the economy is populated by identical individuals, such
that the optimal control problem can be stated in terms of an infinitely lived

representative agent with time-invariant utility,
logY = Llogy = Loe™ logy -+ (26).

Here, s and ¢ are instrumental variables that are controlled to maximize the present

value of the inter-temporal utility shown in the next objective function:

oo

maxsz e~(P~Mt ooy dt
0

s.t.

y = A(pk)*2(s)F2
k=1i—6k—nk

i = B[(1 - @)k]*[(1 - 5)]%
0<s<1

0<ep<=<1
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given k(0) - ee (27).

As the issue identified here is a conditional maximization problem of inter-temporal

utility while satisfying certain conditions, we employ the following Hamiltonian:

H.=logy + pk -+ (28).
H.=logA+ B,logs+ a,logk + a,log ¢ + uB(1 — s)P1[(1 — @)k]* — udk
— unk.

In the above equations, u is the shadow price of the capital. The first-order

conditions of this optimizing problem are as follows:

o,
%k -,
R RS NCR
OHe _
5 =0
a;

o = HBLA - )]Prak (1 — )

OH,
(iit) ok - PHT R
a;
=4~ KO —pn+uB(1 = )P (1 - @)a, ()M = pp — .

. ch_é

— k + 6k = B[(1 — @)k]™ (1 — 5)P1.

Additionally, besides the four first-order conditions above, the model should satisfy
the other optimality condition called the transversality condition, which for this model

can be written as follows:

lime=P~™t yfe = 0 vvee e (29).

t—ooo

By solving the model, we obtain two Euler equations for this optimal problem.
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— o\P1
. [ﬁ15 +p+ pin—@aB (11__;) (k)al_ll
- i e 30 .
v a9 — 1 + ,3126”252 ] (30)
1-@)p (A -s)ap?p;

[,815 +p+ B — sa,Bf; (1 - (P)al (k)a1—1]
. B 1=
s = P 2 alzﬁz(pzs ] ......... (31).

(1-5)s  (1—@)pisia,

The calculation process is too complicated to be introduced briefly, and therefore, we

omit this part. The combination of these two formulations with the formulation of

capital stock k = B[(1— @)k)]*:[(1 —s)]P* — 6k —nk can depict the optimal
growth path of the capital-labor ratio, the optimal ratio of the capital allocated in the
consumption goods sector ¢, and the optimal ratio of the labor allocated in the

consumption goods sector s.

Furthermore, to confirm the correctness of these two equations, using the two Euler
equations and the formula for capital stock, we also calculate the equations of the
optimal capital-labor ratio, the optimal ratio of labor force allocated to the consumption
goods sector, and the optimal ratio of capital allocated to the consumption goods sector

in the steady state.

In the steady state, we have the following equations: k = O,é = 0 and qo = 0. The
equations of the optimal capital-labor ratio, the optimal ratio of labor force allocated to
the consumption goods sector, and the optimal ratio of capital allocated to the

consumption goods sector in the steady state are calculated as follows:

k = B[(1 — @)k]“ (1 — )P — 6k — nk,

a—-1 — o+mn
O = Ha—ma s D

_ s\
Iﬁ15 +p+pBn—gaB (11_—;) (k)“l‘ll

a9 —1 [312“252 l ,

(p:

1= A-5s5)a¢?p,
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B1

1-—
[,816 +p+Bn—q@a B (ﬁ) (k)“l_ll =0ceeeee e (33).

If we substitute equation (32) with (33), the share of capital stock for the two sectors

can be obtained as follows:

5 _ B 1-s\ d+n 34
P16 +p+ pin = @ay (1—<p) (B(1—<p)“1(1—s)ﬂ1> ......... (34).
*_B16+B1n+p .........
 S+p+n (35)
1_¢*=1_(1—a1)6+p=ﬁ1(5+n) ________ 36).

a6+6+p OS+p+n
This can also be written as
KK :K;=8+p+na;(§+n):B(+n)+p---ee-e (37).

Moreover, we obtain:

[+ pin - 2P (122)" goyemt]
S = [ = TR ] ......... (38).
A5 T T~ 9)hsa;

Then, we further obtain:

sa;BpB; (1 — p\*
pi6+p+pm =" (77

2 T s) ()% 1. (39).

If we replace equation (32) with (38), the optimal labor share can be obtained as

follows:
_ sayBB; (1—\“ §+n
hrotpthin=—p (1 —s> (B(l — )@l —s)ﬂ1>
o BGEm+R,
[61(6 +n) + plB2 + a1 (5 + 1)
=1—g* wpG+m) (40)

" [Bi(6 + 1) + plB; + azBi(8 + n)
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This can also be written as
L:Ly: Ly = {[B1(6 + ) + plBo + azB1(6 + M)} apf1(6 + n): [B1(6 + 1)
4 p]By e e (41).

If we substitute both equations (32) and (36) with (28), then the optimal capital-labor

ratio can be obtained as follows:

S 0+n
()=t = - ;
B a, (6 +n)] a,B,(8 +n) 1
S+p+n [1(6 +n) + plf, + ap1(6 +n)
= (k)

a1 21 Biy1—a;
_ {B [((Sﬁiﬁ)] }{([,31 G pojﬁ[j Fo n)) } ......... (42).

We observe that equations (37), (41), and (42) reflect Kanae’s (2013) results if we
assume that the labor growth rate equals zero, that is, equations (15), (16), and (17).

Thus, we have proven that the computation is correct.
4. The Path of China’s Economic Growth from 2009 to 2050
(1) Data Gathering and Operation

In this study, for the parameters of the two production functions, we refer to Onishi
(2016). Compared to Onishi (2016), the methodology of Shen’s (2011) projection was
not sufficiently refined and thorough and did not present a theoretical background.
Therefore, for the parameters of the two production functions, we refer to Onishi (2016),
where these parameters are estimated as follows: a; = 0.9110, 2, = 0.5980 and f; =
0.0989, 5, = 0.4020°!. The total factor productivity of the two sectors is estimated as

follows:

31" As the method involves using the inverse matrix, (1-input coefficient matrix) ~ !, which is too
complex to calculate, Onishi (2016) adopted a different method. First, the author calculated the
ratios of production for investment and consumption in each sector using the Chinese input—output
tables for 1982, 1990, 1995, 2000, and 2010. Second, using these ratios, the author divided the

industry’s capital stock and labor input data between the two sectors of each industry. Here, the labor
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A =0.5256,B = 0.8218.

The depreciation rate § is predicted according to the capital accumulation equation

K =1 — §K. From the database provided by Onishi (2016), we can obtain the annual
production data and capital stock data from 1980 to 2009 at the 1980 constant price.
Then, by statistical regression, we can calculate the value of &, which is indicated to be

approximately 0.1410. The subjective discount rate> is indicated to be 0.0801.

In our estimation, the labor growth rate calculation is divided into two
parts—population growth rate and the employment participation growth rate. The
population growth rate is estimated as follows. First, we use the total population growth
rate for China between 2001 and 2050 from the “Word Population Prospects: 2017
Revision” (United Nations 2017) to calculate the annual population growth rates. From
these data, we can calculate the total population from 2001 to 2050. Next, we predict the
growth rate of China’s employment participation in future years. We assume that the
change in China’s future employment participation rate will maintain the same trend
from 2001 to 2017. We thus predict China’s future labor force from 2001 to 2050
annually. Finally, using the annual predicted data, we calculate the labor growth rate,

which is 0.0576%.

(2) Theoretical Background and Methodology of the Empirical Analysis

input data are obtained from the population census data. The capital stock data were obtained from
Meng (2012), and then restructured by Onishi (2016) so as to correspond to the input—output tables.
In addition, the data for the production of the consumption goods sector and the production goods
sector are sourced from the China Statistical Yearbook and converted into real term using the 1980

constant price. For more detailed explanations of the data operation, please refer to Onishi (2016).

32 Here the subjective discount rate was recalculated in the same way as Onishi (2016), but by
expanding the database. The subjective discount rate is estimated by applying Piketty’s return to
capital, () > growth rate of the economy (g), theory. With this application, Onishi and Kanae
(2015b) also proved the equation r = g + p for the Marxian optimal growth model. Furthermore,

the value of » and g was calculated as the average value.
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To depict the path of the Chinese economic growth from 2009 to 2050, the first
condition for a path (s,¢,k)—with k> 0,0<s<1,0<¢ <1 forall t > 0—must
be the solution to the model and satisfy the system of differential equations, equations
(24), (30), and (31). Under the three given equations—equations (24), (30), and
(31)—several possible paths could be solutions. However, only if the path starts at the
special point, does it converge toward the steady state point; in this case, the path is
called a saddle-path in neoclassical economy. Thus, we must calculate s,¢
corresponding to the given k in the initial state. In fact, both Shen (2011) and Onishi
(2016) neglected to consider this point. In other words, the empirical analyses

conducted in both studies contradict the theoretical analyses.

However, we especially prioritize the paths that start at the historically given kg,
S0, o, Which can reflect China’s real economic growth path without any technical

assumptions, for which we start the path from the actual state in 2009.

After depicting the economic growth path, we compare the maximum values of the
capital-labor ratio, the ratio of labor force allocated in the consumption goods sector,
and the ratio of capital allocated in the consumption goods sector in the final year with

those values in the optimal steady state.

First, we calculate the capital-labor ratio, the ratio of labor force allocated in the
consumption goods sector, and the ratio of capital allocated in the consumption goods

sector in 2009.

Second, we plug the value of S,009, V2009, k2009, calculated in the first step, into
equations (24), (30), and (31). Then, we calculate 3.‘2009, (,;)2009, k2009 -

52009 ©2009, k2009 refer to the variation from S99, ¥2009, K2009 to the next period in
2010, for which we simultaneously obtain S;¢19, ®¥2010, k2010 and the economic growth

rate.

Third, we plug S,010, P2010, k2010, calculated in the second step, into equations (24),

(30), and (31). Then, we calculate 52010,(;)2010, k,010- Simultaneously, we obtain

S2011, 2011, K2011 and the economic growth rate and total GDP.
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Fourth, we repeat Step 2 in the same manner as Step 3 until 2050.

Fifth, we depict the growth paths of s,¢,k from 2009 to 2050 using all s, ¢,k

obtained above.

Sixth, we calculate the optimal capital-labor ratio, the labor share allocated in the
consumption goods sector, and the capital share allocated in the consumption goods

sector. Then, we compare these values with those of 2050.
Finally, we calculate the year during which China’s GDP would surpass US GDP.
(3) Result Analysis

In the preceding subsection, we introduced the methodology and theoretical background
that underline our calculation. Specifically, we calculated the optimal capital-labor ratio,
optimal labor share, and optimal capital share for the two sectors in the steady state. We
also calculated the labor and capital shares for the two sectors under a given real value
of capital stock (K3pq9) in 2050. Additionally, we depicted the path of the economic
growth from 2009 to 2050.

Using Table 6-1, we now compare capital—labor ratio and GDP in different periods.

The capital-labor ratio in 2050 is 116,030 Yuan at the 1980 constant price. It is about
36 times higher than the actual level in 2009 (3,120 Yuan at the 1980 constant price).
The total capital stock is 9.3 x10'® Yuan, which is 41 times higher than that in 2009.
The total GDP in 2050 will be approximately 1.6 x 10'® Yuan at the constant 1980 price,
which is about 15 times higher than that in 2009. The total GDP in 2017 was about 2.3
times higher than that in 2009. This means that the GDP in 2050 would be almost 6.5
times higher than that in 2017.
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Table 6-1 The Capital-Labor Ratio and GDP

Capital-labor ratio GDP
(Yuan in 1980 constant price) (Yuan in 1980 constant price)
Actual in 2009 3,120 1.0 x 10"
Projection in 2050 116,030 1.6 x 10'°
Optimal value 166,610 2.1 x 10'

Furthermore, using Table6-1, we compare the labor and capital shares between the two
aforementioned sectors in different periods. We observe that both capital and labor
transfer from the production goods sector to the consumption goods sector. We consider

this a normal phenomenon of transformation in an economic structure with economic

growth.
Table 6-2 Resource Allocation
Consumption goods Production goods
sector sector
Actual in 2009
Resource allocation K 0.2999 0.7001
L 0.2412 0.7588
Projection in 2050
Resource allocation K 0.6141 0.3859
L 0.5485 0.4515

Optimal value
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Resource allocation K 0.4180 0.5820

L 0.8316 0.1684

Note: The result is accurate to four decimals.

However, when comparing the labor and capital shares between the two
aforementioned sectors, capital-labor ratio and GDP in different periods, we observe
that the predicted values of the capital-labor ratio and GDP in 2050 are lower than the
optimal value calculated using the optimal equations. This tendency also reflects the
disequilibrium of real economic growth in China, which indicates unbalanced growth
between the virtual and the real economy. Conversely, it indicates the need to carry out
further supply-side structural reform to lead the development of the real economy. This

has been the Chinese government’s focus for their economic policy in recent years.

As discussed earlier, the methodology adopted in Shen (2011) and Onishi (2016) to
depict China’s economic growth path contradicts the theoretical research. Thus,
undertaking a projection using the aforementioned methodology once more is necessary.
The three growth paths—growth paths of ratio of labor allocated to the consumption
goods sector, the ratio of capital allocated to the consumption goods sector, and the total

capital, respectively—are described below.

Figure 6-1 shows the growth path of the capital share allocated to the consumption
goods sector. Figure 6-2 shows the growth path of the labor share allocated to the

consumption goods sector. Figure 6-3 shows the growth path of the capital-labor ratio.
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Figure 6-1. Growth Path of Capital Share in Consumption Goods Sector
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Figure 6-2. Growth Path of Labor Share in Consumption Goods Sector
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Figure 6-3. Growth Path of Total Capital-Labor Ratio (Thousand Yuan in 1980 Constant

Price)
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5. Conclusion

This article incorporates the labor growth rate into the Marxian optimal growth model
adopted by Shen (2011) and Onishi (2016), and then derives the Euler equations of the
model using dynamic formulations. These extensions allow the Marxian optimal growth
model to be a more complete prediction model that can be used in further empirical
research without using strict assumptions. We consider this to be a significant

theoretical progress.

Using the prediction model, we depict China’s economic growth path from 2009 to
2050. Furthermore, we compare the maximum values of the capital-labor ratio, the ratio
of labor force allocated in the consumption goods sector, and the ratio of capital
allocated in the consumption goods sector in the final year with those values in the
optimal steady state. The results indicate that the total GDP will be approximately 1.6 x
10'® Yuan at the constant 1980 price in 2050, which is about 15 times higher than that
in 2009. The total GDP in 2017 was about 2.3 times higher than that in 2009. This
means that the predicted GDP in 2050 would be almost 6.5 times higher than that in
2017. In addition, according to the result, we find that, in 2026, China’s GDP will grow
to 6.2 x 10" Yuan at the constant 1980 price, which is almost 1.97 times higher than

that in 2017. As US GDP is about 1.6 times higher than that of China, it would be 1.85
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times higher than that of China in 20173, Consequently, China’s GDP is projected to
surpass US GDP by 2026. Moreover, the result also indicates that around 2050, China’s
GDP is projected to be almost 2.22 times higher than US GDP, while the GDP per
capita will be half the US GDP per capita®.

In addition, the result indicates disequilibrium in China’s real economic growth. Thus,
a growth imbalance exists between the virtual and the real economy. This denotes the
need to carry out further supply-side structural reform for real economic development.
The Chinese government has already realized this problem and focused on promoting
economic restructuring. We believe that under the powerful and wise leadership of the

government, China’s economy is bound to progress markedly.

33 Here, we assume that the US GDP will maintain growth at the constant growth rate of 2016,
which is 1.46%, from 2016 to 2050.
% Here, we assume that the US GDP per capita will maintain growth at the constant growth rate as

its GDP growth of 2016, which is 1.46%, from 2016 to 2050.
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STEZEMERENTND, LTI TAREIZBWTY, FRRIREZ RS 4% S BET D,
4) AOREZE

2018 4E{Z World Population Review’*|Z [World Population Prospects 2017] DF —#
IESE MEONNEFT 0.36% Th D EHiFH Lz, AROFEICOWTIETH@AN
RERENANAREREFECIELEWIRED NI, NABEEEE 0.36% & LTHEFZ1T 9,

4. EIHER
LIED X 5 2 EIc X v, B TRV 2 DO PERIE L HUlE RIS, A Ak E R
n X OWFHIE AT Ep & IV T, RO EFIRIBICR T 2 BAR B RO 8 - B AR
M~OFSREZHET D Z LN TE D, ZOBOHEFFICB W TREL RHENRT A4
—DEEELDIZHLONRKT-2 ThHD,
K12 LEEBRICETEIENTA—2—D%IE

a1 az A p1 B Ay n o VY

0. 2927 0. 1276 0.0510 | 07072 | 0.8724 0. 0443 0. 0036 0. 05 0. 04

HIFAT « 5 1ERR
TIT, R T2 ICEHINEENRNTA—F—DREE L TORITRAT S & B DL
W AEFEER P~ DBy R, EARDHE M A FEFI~DEL R E N TN O RGEENFHE TE 5,

._ (K2 _ B1(6+n+4;)+p

¢ _(K)_aﬂ6+n+lﬂ+ﬁﬂ5+n+b)+p """"" (28)
e _ (L2 _ [B1(6 + n+2,) + plB,
S_(L)_wﬂ6+n+b)+ﬂm+aﬁﬁ5+n+h) """"" (29)

HEEREFLODLEET-3DEY TH D,

59 https://worldpopulationreview. com/
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®1-3 FE. EXOHEMEERMANDESLLREER

s )
R (2014) 0. 6691 0.6271
B A 0. 7810 0. 9099

T - EHERL
2014 FEITH T 5978, BAROHEE M APER M~/ EERITZNZ7 0.6691 & 0. 6271
Tholz, Lo, SRIOFHEMRND UL, BERFICBIT 2978 - EROWEEMA
PEEL P ~D R il 22 Bl 4y FESRIZZ 24, 0.7810 & 0.9099 L 72> TN 5, ZD K ) 7k B)s
5. FEENIA % OB RRIE 7l & EARDEE M AERM ~ LV —@RE g T
BASNAORETHLEEZOND, SHIZ, FUEEETHLHARET AU IO -
EARDTNE OB A FETM & G AR AR O sy 4 il L TAH7z 0, K 7-3, ¥
-4, B T4 13ENER, 2000 D 2014 FETEE, BAR, TAUDOENEFNOER
LI B DIEE M A PERM DB R TH 5,

B 7-3 BEEERCETLIFBEERDHEHEERMA~NDERSE
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@« ® . ® ° .
[ ]
Cx)_ -
e ¢ e © o ¢
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B 7-3, 7T-4, 75 DURLTC@VIZ, RIUEEETHLT AV A ROHARL BT 2 L
ERFIC BV TIEAR & 7B OHEE M APERFI~ DR R B/ SN L D Z L bhe
Do TDI-, BUERFEEZLDILIIZSL > TWABEEICE - T, SBORFRED:
DAEFEE R % L0 L HBMAFETM~RAT L ENEE L,

5. BbHYIC

RETIIRFREZ DN T HICE L Tl CEEL LB X LR HiNESRE LT A
IR LR BT CHIAT R A EAT o 72, bbb {HEMAPERY & & AR A4 pE 5 Y
(CH AR DHINESRLRE L, vV 7 AYREEREET V&2 L0 FEEariciE L b o &
BROHEICETNVEILE LT, SHIT, ZOX D RURIE, BTESBRFREBRICE
WTRE pEE Z2 BT EORE 20T DBIOERICHEER VO EEZ BN, &
2T, ARETHIFHEA 208 U T B 2R R R alR &2 BB Lt T C & 7oER g a4 & L,
HERR 2 ZE Lz~ L 7 AREGERREETF A2 AVWT, S%@BENED L S ICRET
HIEW D TRIERA T, BRNZRFEE UL, BERFO 2 HO/SFLT—2 24
G Uiz BT B M A ETS Y L OVE AR AR E P 0 2 2L O AL PERR S & B AT AR 3R A
FrL. 61T, HEHZ X VBN NRTA—F—70l%, BT TVOMTH 557 &
BEARDZNZNOMEE M AEFERM & EARM LA~ SHED 2 KORITRAL, #HE
BRI IT 2 958 &L EAROTEHM~OE 3R A2 RA Lz, TO/MRE, fHRShBe’
KDY E P EPEE A~ DRIy RITBIEME (2014) X W KE WS D &2 0 | A% EEE R I3E
EREU A BIET OB AEEERE L0 2 HBMAEETPA~EAT 2 X 0 1I0FE T~
ERAADE LT ki Y
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E8E 28I~ OT— 2 DBEICE T S HERE—HE 2000 FRDOBEHREEH T

AEDEH

¥4, 5, 6, TEHEOHMIT /N7 ARKEKEET VOHR EOLRTHLH, Lol H
i EOBBRTTATWS—F, FEEatr a3 2RICHE/M - ERMO 2 7 —% 20
MDIHEE T RENEVIHIEOLEND ER - TL b, T72bb, v /L7 RRKEKEET
LD XD TEEM - BAMO LD 2 HPREREET VEEET DB, B EER
D 2 HMICYBEESNTEZT— 2 BFE LRV E WS BETH D, 7, @ERENIKE
AR S TO D PERFEICBW T, R M AET & & AR AR RE Y o R
RIEZWET DB, 29 Lz 2T — 2 BRREARFRIZ/2 5,

L7235 T, RETIE, FITHERICE TS 2 M7 — % OMERREZEEZ RN D, 1H
B - BRI O 2 HPPEEHEBEROBEOBR AR T D, £TOHEERNT,
HE, BAR, TAVD, AV RO 2EMT—2 M5 L, O 2175,

1. [FC&IC

] o B B A R B e R AR R 2 2T T 0 L 2000 4E D 2010 AFITNT T H
10% &9 @EERR MR LT & 72, LAl 2010 AFLARE, RRIFRLE RS 10. 6% % FEID |
HERENKEZ D2 HRELICA > TW5, PEEFIZS £ TORERELORET
YUV THLEERFUMEABRE L, a A ROUHEI X DMERE L mD, 2014 4
ICRERED THERE] 2B L TWD,

FEO GDP IZE® ZREEBEATEDO Y = T IFE S IKEBm Z /- E > T&TW5H, i
L BUS D EE FERF A~ EED 720, HELEDO EFIZT L —%B3 o2
DD, 2017 FRFFOEE RN 44. 41% L @K ETH L5, T O T, PSRN A
77, RENEERBEENDRLOTAENT, SBIZ, 2OXHIR—HOA 7 THRE
RRENFERE T L0 BRI & TRIGEE ML S, AEPER) OBMBIKAHE LT,

—J7. EWNAEEICED DB OERIT 80 £RITIT 60%LL ETH 57243, 2003 4EIC
13 60%% FEID | 2008 FLAREICIE 50% % & FlEl> 72, dT4E, PIEBUMEE FERFE~D
A D T2, 1A LT 50%E THEFFCEXTW\D, 2D XL HIT, BEERGFRRER
BAIZOE > THR L CX 2PER I, KE - TEOT T o AMEICER L, RFE
R LTS,

60 ARFEIRPAT - B/=(2019)  THP[E 2000 FROFEE M APERM OWRITLR < {HEM - SE&M 2 FRM5H
T=ANRRT LI L] ITL D,
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TN 0 I CREIRE N 2 BRI TE 20 ThIuE, WHEE - FEM O OKKILD
AL, EREE - AR OFER KALD ST AR S NS, L 2 AP, BEORER
T, BRI TR R OBV E T TR E A LT LEN, FE - G077 v
AEMERCTERLIBRDZERH D, ZORIRBRT AT AOMBEIR, sl oL EEMEZ
BRDEETETHRANC/R D, EFEED 2 MMUEFET D & &%, FFIRH o Fa AR
EHBICHRET 2 2 EBERECR 0D TH D, WERETIE, 20X ) AR - i
NOEPR ORI L - T, REICKERNETLD Z ERMEICR>T0D, Z0LH 7%k
AR L0 MM OAEERE Sy ORI EMEEZ 726 L, BEAH2ICIEHE
nip 725, %5(2016), (2016), #(2017), #R(2017ab) 1%, ‘LR % G AR A FEE &
HEMAEERM LTI L L &, EARMAFERMPNERICKE 2o TWD Z L3 HE
ThoDELEHLTND,

ZO LD BRARBHEMENR S H0ED, HHELTEDOL ) ITHELELZTTOLI1ES
BYDICHT- > TiE, WEMARE L BAMAEREO RLEIEZ SHEICEL LERDH D, S
LIz, ABROTERFOFRERICE T HEARLTEZ VNI 2 FPNEBIIC BT~ & D
BIRBT H720I101E, 77 BRESERE 1 SO & U TONrT 2R 2R K BT
(X7 <, HEMAEI & EARMAEMO 2 5% 5EIT 2 REREET ML D00
DWIEIZ D, 2D X9 7eifge s LTI Uzawa (1961) . Uzawa (1964) ICHEE HHFZE03 6 5.
LR« KV (2002) 7 &' Uzawa E7 /L & [F CHART, v/ 7 ADOFAEFEET V&2 HHERT 5
NI APRIEERET NV b D5, PEBIFOBERSLE DI 2 5~V 7 ARFEFICE
T DR TILE A A T L I B AR & 0 2 SR A ER XA F W e o s B
272 %,

INDDET VORI E T, FHTIICIEZ S OIREEZ/DL 2 LN TEXHITH b
LY. FERESHTITIZE AL SN T I ehote, EAENHTE T 272D DT — X2 PRI Z)
5ThH 5, BUED SNA TIIRHERIL TOEFEDOT — 20, BE, TLERLEDEEZ LD
AT — 2 NEDOTRELTWD T, ERM, WHEMO 2 HASEE VI BLET
VEDT —ZBFAEL7RWD T, Uzawa & A 7D 2 HiP R E T VOB S A BT —
2 LRETER,

DX DT — 2L, Kuga(1967) X° Takahashi, Mashiyama and Sakagami (2012)
I E DBV IR VBRI R S D, E, w7 ANFEAEREROFETEEFRNL TN D
Fujimori (1992) <0, #E(2004) 21X U & L, #(2016) (2017ab) . # - # - 2= (2016) 72 &% 2
T — 2 OBEERA TN D, RETIIZNOORATHRO MR ZEEE 2 2535, 2 M
BERREET NEFGET 2120DT — 2 G2 B2 52 LT 5, JeATHFZE Tl
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ROT —H PREE DRI TOMIETH D120 DRRERZ T\ D, AETIIIITHIZEE
BELRNG, BITHETHRL TV AREZHE L LENDLEHBROT —FBEDOH Y
N ERET S, £, EHEICR - TABIZEENTTA TV ELEMET — % 2 F
L7e o, HEBUFR L > Thovw /b s AfRFEFRR 2 MMARAERRNICT —% % 5Tk
D THD, HAREIIZIE World Input-Output Database (BAF WIOD) 0 43 4 [E D7 — & A3 dtii
74—~y b CEE STV DER AR T 5%, E72, WIOD & [FRFZAR L TV 5 Socio
Economic Accounts & &t C, HERFICI T 2 EARMAEERM, HEMAEETME O
TUANED LD IZEL L TN D & RD,

ZO=OI, £TE 2 B CIIHEICE T 5ITEORFRESCE A A ETN - B4
PEXRMEI DT v 8T v A B R Dk 2 BHT 5, 3 BiCIET — X O kA £ &
W, EITELOREFELE 4 #iTHE, KOG30 0 K, HA, KEOT—
ZIZHTITD D,

2. HEIZEITP2ERMEERMADOREKI
Hh ] S B I AR B e R T AR 2 3T TN D, & 1T, 2000 £ 6 2010 4EI2H T T
WA 10% & D EEE R AR L C & 7o, LA L, 2010 AELARE, P [E OB iR 1% 10. 6%
2 FEY SERREAKEZDZ RN OPHREIZA> TS, K 8-1 (2K 5 L PEORE
FRERIT 2007 FIZE—27 22 TWDHZ Enbid,
X 8-1 1995~2016 FI=H 1+ 2 TERFREEDOHT

GDP

12 14
1 1 1

growthrate
10

8
1

©

T T T T T
1995 2000 2005 2010 2015
year

HFT : International Monetary Fund, World Economic Outlook Database, October 2018
X0 EFER

61 Timmer, Dietzenbacher, Los, Stehrer and de Vries (2015)
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29 LIoRHERE OSUE O FIR 28 0 T Tt 2B8C, HERFEICRIT 2 & & BE
OREMNE L L TE Tz, EEREMCISO TR, HEENBAFEID S D 2R E EE AR
DL = TIFES HRMEEICHY . ™ 2-2 ARtk H1c, 80 KD 90 A E TOR.
ENKAEPEIZ BT DEAEEIT 22%-25% ThH o7z, LovL, BFEHBEITHEV, 90 F1R
A 2000 EHIEE £ THE 37, 41% BREDE ARG EAHER LTl 0, & 51T, 2002 4F
B B AR AR 28T . 2003 4RI 72> T 40.37% &\ 9 K HER SRk LT,

8-2 1995~2016 FEICENREREICHSFAHEA IEDERES 7 DK

= inv/GDP
S 4
n
S
o
o
o o
<
o
\\
81 N~
0 ~N
P S
-
N ——
.................. \ -
8 ................. \\_/”
Q1 7 = T T
X JOECL
o
T T T .
1990 AU 2010 2020
year
CHN —---—- JPN
----------- USA

HFT : International Monetary Fund, World Economic Outlook Database, October 2018
F V0 EHER

TR SR EHIC X D RROMBEIIEBRET 5 7212, 2008 4\ R EBUFIZ 4 k2 # A L,
KRR R R R A EM L7 Lo, FESMAZED DL L O ICHEL Liz, TORE, ERNR
AEPEIC 5 6 D BB REATERR) O3 = 7 1% 2008 4ELIK 4 4555 TH B _EAY D O KIE A0
A 2011 FITIL 8% Z B R T2, T EBUNNHE FERRE ~OIME X 5720, &E&E
RO ERICT L—F 20T 72 213V 2, 2T 2017 EREROFEEHHRIT 44. 41% &
D /KIS D, KE (USA) D 21.31%, HA(JPN) D 26. 41%IZHE~TH 720 &
< AV RO IZHERTH @BWHIEIZR D, 20K D 2R E R TS E R A BR S iR A%
B EMEIN, FEREOESEREDOZ VUt SbNTE T, 5, ZOWEOFMNE,
INASHEDIRNA 7 TRk, REPEERBFEN D 2N OTAEN TV, EHiZ, 20D
—HDA 7 TEECABEREIT LV SRIZE L & CRIERE N E DI, ARERE ) O F
NP IS E o T, ITEZ < OFMZEPER 2 T ERE 28 Lo 5 L PERE /)@ R o
BMThs,

— 5. ENRAEPEIC 5D 5 BT O hERIE 1980 AE{RITIE 60% LA - TH 0 22 a3 5| 2003
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FEITIE 60% % FEI- 72, & 512 2008 4ELIFEIC 50% % & FEID . ZO%IC T EBAFNTHE
FERF DO Z T T D772, 2259 UT 0% ZHERF L TV 5,

TN T ICREIE N 2 B CTE TV DAL, MEE - BEMUSDHORKE L.
AHEF - S ORI R RIL DN T CARMERF SN D, & ZAD, BIEORMEIBRETIE,
AT RR OB ENE TRREIAREEZ L TLE, TE - G0/ T v R 2 M
TERLKRDIEDDHD, ZOLHI7RT AT ZAOMEIL, O EEEZE 2 5 &
FTETHRANCA D, AFEED 2 FMUEFEET D & i, MM O AR 4 FVEIC
PS5 2 ERREEC A2 D, WEFRETIZ, 20X ) RAEE - RN O o R K%
IZE-o T, BRICKENET D Z ERMBEIZZR>TNDHEEZX LR TND,

4(2008) . #5(2012) . #5 « 2K (2018) ILAR W F& e D 4 W13 & A A= EFI Y 2 (B SR RO J8 2
SHLZENRETHL OO, RFEHEBICED 2 HMAORIERI-ENE L, RFEREIC
BB E blox D LEMT 5. %5(2016) , ##(2016) . i (2017) 72 &k, HPEAER LTV
HEE - T4 E ORI RN O AR A B 23 A AL E Y & W AR FESRFY & O EBFI ] o
REWETH D & L T2, HMMOREEREIC LY | AEEER YOI M-
AT, R OBRBEICES, BFLRS 25 LERYEMEZERL>oH 5, 2002
FEOREE SN ANRKE TIIND TEEMEYWEOLEMEE R L, EHIT, 2007 1213
KFD AR E E 03 P ERRG R RO . BRE DS ALE TR, Nl Th 5 bicke
RARECTHDH ZL7EE L, v 7 nRF TORKWEIBEA~OEH 2O Tz, 2016 42
G BUTEBHED 2015 FERO IR E TAERFHCHRE Lz THaM oGt AHEE
BRI/ > T\ D, 72720, PEBUFYFRIE MEGHOMELE] ICRYHA TV DER
(2, TBAEFRER M TO D RGO RESCEITBREE ThH D 7 A AREF D478 T
R SN TV AT EARBMEME TITR ) R LN D, TEIERETFZ AN Ta L
RTNER SR WHEETH D L L% Yu and Jian(Q0IT) BRI Z L2 L VFELLS@ L
TWo, FEICBIT 2 TE L MROREE RIS A > ARFFOSTF TIRIBEN TN DS
RGN M RE & 1 0E ) B A E & R AERE L O RBBEE T H D L (2016)
T 2, 2O XD R ARHBEBERH 2 0G0, HDHELTEDL D ITHEEREE T
DHMEBLETHICHI o> Tk, BARMAEREEWEMARELE O 2 HT —2 258+ 52
ERZEIT TR D

62 3 (2016)
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3. T—HDHEE

(1) ZATHE

BAAAPER M L HEMAEERM & O 2 BPNCT — 2 2 3ET DHEICIIRELS 2 20
bLONEH D, B 1 1%, Kuga (1967) 2B L L, @i - #11 - J2_1 (2002) | Takahashi, Masuyama
and Sakagami (2012) %512 X % &, DT, Uzawa(1961) IZHEE 2 2 MMEF L OGE A NET S
HLOTHDH, 52 1% Fujimori (1992) # X U & Lz~ L7 ADOFAFERAOFEiEZFER T
L2HDTHY, ZORBES LI APREEEEET VOEFEISHALELS &35 KN
(2016) <0, #f - - 22(2016) . (2016, 2017ab), #E(2004) 72 & O H[E TOHFFE % A2 H
LTW5,

1 OXATOHETIE 2 HIAREREET NVOEE Th 5 EARMAFERN & &M A
PEFI & OB ARERE O g & L8 B BIZ LT D, Uzawa (1961, 1964) (X, YHE M &
EARM O 2 WMREET VORI HEHRINC I T 5 EARERE O R/ NERITEKT L TED
% Z & &R LTUW5, Benhabib and Nishimura (1985) 13E 7 /L% —f%fb L. &AM A RELD
FICOBREMEDHFPRENE 21T, W ETEARR Ny 7 ITHHRIC RIS 25
BT D DIk L, BARENEDORE SRPHET 5 & BIMHRIE A E B iR~ DL ER K72
5T EZERFLTND,

PbEDZ bid, BERBO®R LICH D EA TITERMAEIHMICE T 5 EARERNENE
<\ BEBRICAS e E CIIHE M AR MIC BT 2 EARENEN @ &2 RmeT
%, kG« Il - 37 1 (2002) . Takahashi, Masuyama and Sakagami (2012) 1% H A< 0D pE 33
R T — & 2 O TEARMAERM, WERMAEERMOT — 2 24/ L, 75 FRiRICER
B A2 PESR P & Y B A PER P & O COBARERE OWIRNEE TNDH I EERLTVD,
ZOMIRICE D L. BARTIIEEREY E CIXEAMAELRMICRIT 2 EAENEDIZH
REo T, ZERREM LRI o St [E & 7 U < M AETT T OB ARER AR
Lo TIN5,

W% 2 DI Fujimori (1992) . 9 (2004) D HDTH D , ZHHDOBIZEIL, PEERHFIC
B D EARM A FE Y & VB A & O R R E AR L LTV D boD, &
DFETZ NI AOFAEERNKUICE SN TEY | EEEARICEIT 2KHE 20T HA
PERXICRAET 20, T70bb, EEHEROSEE 2 VNI REME, ATAMmE, s
EIZ S FT 20 & PDICTHITE L TN D, S B A G AR AR PESR Y & T 2 B A= 1
& D 2 HMEEEEMERICEERT D LD TH D,

F1 20X A TORNTIUCIEN T b EEHBIR 2 AW CEARM A ET, MM
EFEMOT =2 AR L L5 E LTn5D, LN TIEELE 2 DOFREEZEFEICERT S
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Pz tnm L, 5% O 2 HMET VOERIETONZ DT — 4 OWEFTEOREET 5,
RECIIEEHBERT — & 0 D IHE M A ETM & @ ARM A EM O T — 2 T 5,
BRI AEER & PR L ORICHIEOBIRZIGE LT BT, KEXDORAERE
THE A PEE P & BRI A PER P O PN EIT D L 2B 2D, TONEIOLFELZ
DEEFEARA by 7 0FBEDOT — X OHENZHANDORERNIRT AT 4 7 Th D,
Tabb, BAEEOWHBEMAERM~ONEILELILTDH L, ZNEODSTEERA Ry
JKDT =209 BLOKTET P HEMAPERM, 720 NERMAPERICS0bhd B R
HDTH 5, FHEZLTOMOT —ZIZHONWTHECREZEHT S Z L1105,
FEROFERERRCITMMADT =2 b0, ZOREIHELREICe D, LUT CILE
FH AR OWIE R Lz BT, BANEE O ol H Ay 2 800 LT, BT n K&
K200 bDIZHGETELZ LR L, £D 55 Fujimori (1992) D HIEEAHMAT & Z &
EELDDH, TOLT, MHAEZEZETLLE 2 T — X OBELFEEZ EO X 5 ITEIET
RENEIET D,

(2) FAERFOEREEK

Xy a iR OAERER D 5 BEEEERERM CTRAT DL 325 & Y], Xy T THFES
RICHY XL X I TPRIRAGR L 70 D, EINERFFEIL. BN (C) & ENERE(AK) )
572%, BNy % P O A PEX T LB IR O AL pE X ; DEIE & |

Xij

aiji =
7 x.
7]

Li=1 e (1)

LERL, FAPO—ELIET D, BAREBATHIA, WHE~T b, BERT FIVAK,
HNATHIE WD & RAEERSIRZ MAXIZLL O XS ITRTZENTE S,

AX+C+AK =X ........ (2)
PRITLICRLTDHERDO L DITR D,
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& 8-1 BRI EAR

HfE A E N WA RE
¥ PEX 2 P n =k £ d -y
PEE 1 X X1 i X C AK; X
FE3E 2 Xos X2 i Xon C; 4K X
PEZE n X1 X2 e Xon Cn 4K, X,
A i Vi V2 Va
A PE Xi X> X
AT - EFERL
XIZTOWTEEDDL L
X=(U-A)"YC+AK)......... 3)

2725,

() EATHARIZEHIT5H 3R

B TTRTOT — & B HBE M AETM & EARMAEETM &8 2 ke L
£ 9, B OWHECHWE M/ ERERM, BEAKNEARP EFERPIC ST 5 Z LITHHATH
L5, ZXUTIS U TEIDORAEFERX 2 ED X 2 IZ3EIT 2 0MUTN ONDE X b D,

B 7 Z—i TREBEDOHE M A ERM & @AM AR ~DOR D R0, 1-6,, FF
7 Z—i COMBANDIHE M AEFE & EARMAEERM~DOR S EE0 1 -0 T 5, T
Rbb,

e =0 X 4)
Xl] AK — (1 0; )Xi
ai]”c = 91 (5)

aijjax = (1-6))

fTHIZRRTIRD XL H 12705,
6, - 0 X, 6; - 0 N T AN, €] Gy
( )()=< )( ><>+<> ......... ©
0 - 6,/ \X, 0 - 65/ \an1 = Gnn/ \X, Cn
a1-6,) - 0 X1 a-6y - 0 ajx vt A\ /Xq AK;
: : d ] = : : oo RS
( 0 (1 - en)> <Xn> ( 0 - (11— 91’1)> <an1 ann) (Xn> (AKn>

»H BT
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(B{aile + .- Gr’laan) + Ci = HiXi i = 1, e, M (7)

((1—8DapX;, + - (1 — 6ha;,X,) + AK; = (1 — 6)X; i=1,N (8)
BEZENTED, (DAL @RI TIEARL, M ART (A DdnRTh D, #Bl5
T =S TN BIRWERIZIZE, 0/ TN EhnmfET oG5 2l H 5, (1) XA HIF A L LT,
R ADSEIL RO ON T ONDREEE RN S, ;2 RDDFELLU T TEZLZ
LT %,

1) FEHLEORE

Takahashi, Mashiyama and Sakagami (2012) Tl Kuga (1967) ® 5{L%& B Lo, = 0] &
RETHZE TR ZML 2L E2BEZDH, ZORED FTIXI, OITHIO IR OREfEL
LIZESTRDDHZEINTE D,

Thbb, C . XEThTHWHEM OR/AEER L EARMORAEERNZ ML &3,
(7) (8) K DIHE A FERR P & WA EPERIY & D EPERX, . X, 2RO & D IZFHRTE
50

61)(1
( s>sxc=a—mﬂc ......... (10)
0, X,

(1 - 91)X1
( : ) =X, = —A)AK ... (11)
(1 - en)Xn

2) CHEMIPEBASALGVLEORE

Fujimori (1992) 1ZVE & M AP CIXRMAEEM ZAE LW Z LICER L, HEM,
BARM OMAEFERX & PREEY ., BAEAEED & ORIZIROBMRBENLT 5 2 L b
MDD, Thbb, 2HEHMICHTI LIcT — 2 CHEEEBRRAERT 2L LIEOROBIZR S
ZEERHRIC LTINS,

())((f) = (g 2) ())((f) + (ACK) ......... (12)
ZOr—AF(NKNTO = 0L 2 DRk — AT/ o> T D, ZORED N CILIEEMAE

FEHS, AR PR DR FEIRR D & 1R B Z LT B,

63 1% (2016) b Fujimori (1992) & FIERD FiEZ TR L T\ 5,
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91X1
( : > = XC ......... (13)
ean

(1-60X;
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T, Kuga(1967) & Fujimori (1992) 12 K W EEE STz 2 MM O EFRERER T T #
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F83D( YNNI~V I ARBEFTOREGERC, WEGARV, FIRMEMEZRLTWD,
% 8-2 Kuga(1967) AN BET S EXEREK

A TH# & i LTYN TR PE
I 1T
I X Xi2 Ci L Ei -Mi Xi
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EHCEARTHEE L LTHEX D b0, AFETFE (EARM) (X7 BRI A Bl /2 EEY)
DIERREHRE L THESN D b D L EHK LT, Uzawa (1961) b [AFRICIHE LT X THE L.
EARMIIT R TERERIEDLDIET VEAMEL TND, ZOX) RERTOHEMEE
AR DX B % BRI LTV 5 ST Fujimori (1992) O FEE AT & TH 5,

(4) WHEADBA
TZETEALTEXEFEDL FSERE TORBELWE., REZNENICED HEY
ZHETHLDOTHD, EEORFEOFIIIHH, MALEENDLIOT, ThHEED
FONTIHB M AEPERT . EARMAPEINCIRY 5307 200 & B 2 72T FUT VT 72 vy,

1) FEmEUEFERE

AR EDLIICHFEEIN TV DI0OT — 2 BRAFRERGA. T72bb®E 84 OX
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b: National Input-Output Tables(NIOT) (2000 4£~2014 4F, 56 pE¥t© 7 % —)

D2 ONBHDH, RETIXZO 2 EFIA LR SEEEERT — % % 2 HMcyE+5,

HEDSMNCH A > R, BAR, KEO 3 2EOTF—X LEROFIETIML L, 2 hoE

DF — X % LB Al HEIC 5 72912 The Penn World Table® D #ffita%s — % T E g H T

DT —B &K FVERTOEMMIZERL TV D, BAERITIIROFIRE Bie,

O SEADBXRBREDOZNTNDOY 7 X —Z L OBER, ), BAEEEZMHT S,

@ NIOT DFERAEN O PN, R&HE, &E, RAEEOT —Z 283 2,

@ WBEMDOT —F & T 572, PennWorld Table OWflifs$kT — 4% 2V T, &
BN 2 K RV CORBEERRIIHE—T 5

@ NIOT 7= MO BMNREA 37T 5, Flo LAV F = 718 Th D I-A)1H
AR LTHEL,

® Fujimori(1992). Kuga(1967) £NZENDFIET 2 T — % Z1EKT %,

® EI7F—DOEEIDICHET D7D, K8HIZESE, 56/ X —DFT —F %
IHIZ 18 X —IZEHT D

#=85 U 2—54E

1 JRMOKPEZE * Crop and animal production, hunting and related service activities

* Forestry and logging

* Fishing and aquaculture

2 §R3E * Mining and quarrying

3 BB 1 * Manufacture of food products, beverages and tobacco products

* Manufacture of textiles, wearing apparel and leather products

4 B3 2 + Manufacture of wood and of products of wood and cork, except
furniture; manufacture of articles of straw and plaiting materials
* Manufacture of paper and paper products

* Printing and reproduction of recorded media

5 B3 * Manufacture of coke and refined petroleum products
* Manufacture of chemicals and chemical products

* Manufacture of basic pharmaceutical products and pharmaceutical

preparations

66 Feenstra and Timmer (2015)
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* Manufacture of rubber and plastic products
* Manufacture of other non-metallic mineral products

+ Manufacture of basic metals

* Manufacture of fabricated metal products, except machinery and

equipment
6 RESE 4 * Manufacture of computer, electronic and optical products
* Manufacture of electrical equipment
7 RER S * Manufacture of machinery and equipment N.E.C.
* Manufacture of motor vehicles, trailers and semi-trailers
* Manufacture of other transport equipment
* Manufacture of furniture; other manufacturing
8 X HA - Electricity, gas, steam and air conditioning supply
9 kil * Water collection, treatment and supply
+ Sewerage; waste collection, treatment and disposal activities;
materials recovery; remediation activities and other waste
management services
10 &ax - Construction
11 #e * Wholesale and retail trade and repair of motor vehicles and
motorcycles
* Wholesale trade, except of motor vehicles and motorcycles
12 223 * Land transport and transport via pipelines
+ Water transport
* Air transport
+ Warehousing and support activities for transportation
* Postal and courier activities
13 = » Accommodation and food service activities
14 w13 » Telecommunications

+ Computer programming, consultancy and related activities;
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information service activities

+ Insurance, reinsurance and pension funding, except compulsory social

security
16 REhE - Real estate activities
17 —E= + Legal and accounting activities; activities of head offices;

management consultancy activities

* Architectural and engineering activities; technical testing and analysis

* Scientific research and development

* Advertising and market research

+ Other professional, scientific and technical activities; veterinary
activities

+ Administrative and support service activities

* Public administration and defense; compulsory social security

+ Education

18 H—t A + Human health and social work activities

+ Other service activities

AT« EH R
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Fujimori (1992) ® k& H e 2 DORERNG ., KIE O M A LY & & AR A2 FERD
FHTIZIER UMM CTH D DIk LT, BARSA v RTIEFE & U < EARMAFELRF O )
PIHBMAERMA LY b RENZ EBDND, Fo, B LIS LEDOLRVTITE
AERNWZ E LR TE D, D EH TR 4 DEICOWTADLIRY . FEFESR O
T — 2 R SRR OEEHEEROT — 2 b+ 2 T ONT v R &G
KD ZENTELDOTH D,
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