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ABSTRACT

Economic growth is a branch of macroeconomics and has become a special research
field since 1940s. Economic growth theories are concerned with every factor total amount
input, per every factor output and the interactions of factors by means of the standard of
Gross National Product (GNP) or per capita GNP. Economic growth is a cycling process in
which every production factor is constantly inputted, and products and services are
continually outputted from a system viewpoint, and has hierarchy, relative, dynamic, open,
and non-linear characteristics, and is a continual evolution and development, and complex
system in the interactions of continual changes of external environments and continual
adjustments of internal structures, and there are evolutionary, chaotic and fractal
phenomena in the system. Therefore, there are inevitably limitations of theories and
models of modern economic growth, which are established based on linear, steady,
equilibrium hypotheses.

The research report is written after the project (No: 99CJY005) —*“The Chaotic
Forecast Approaches and their Application Analyses of Economic Growth™—is finished,
which is supported by the Chinese national philosophy and social science fund. In the
report, economic growth is considered as a research object. The system theories, forecast
approaches and non-equilibrium growth relationships of economic growth are studies from
a viewpoint of system forecast based on the system characteristics and system input and
output time series, and the application analyses of their forecast approaches are made.

The achievements are finished in the report:

1 The development and change trades of modern economic growth theories are
studied and the challenges and opportunities that modern economic growth theories face
are analyzed. The futures of modern economic growth theories are expected.

2 Economic growth system theories are studied, and system characteristics and
evolutionary characteristics are analyzed, and the system model is established. The factors
diminishing returns and increasing returns and the alternating effects of factors diminishing
returns and increasing returns to economic evolution influences are discussed in economic*
growth. The forecast approaches based on economic growth time series are established.

3 The filtering approaches of economic growth time series based on Approximate
Entropy are presented by means of the introduce of Approximate Entrqpy and partly
computing Approximate Entropy of time series and the application of the time series
Approximate Entropy to the adjustment of filtering parameters.

4 The determining approaches of chaotic occasions and conditions are researched
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based on economic growth time series, for example, the technology of phase space
reconstructiofi and maximal Lyapunov index approach.

5 The non-chaotic time series forecast approaches of economic growth based on
artificial neural network, wavelet artificial neural network are established. The chaotic time
series forecast approaches are analyzed based on the strange attractors of time series. The
applications of the forecast approaches are made.

6 It is supposed that an economic growth system is composed of a capital product
department and a consumer goods department. Then, the general industrial system research
approaches are used to establish two-sector economic growth relationship models, and the
non-equilibrium relationships on two-sector economic growth are studied based on the
genéral system theories by means of changing the parameters of the models.

Keywords: Economic Growth; Chaotic Theory; Forecasting Technology; Non-equilibrium
Growth; Complex System; Complexity
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1.1 AL T KHE I SRR R

111 Fidy UK S

HMEKBHFER -KARUE, BHEFEFHN—NEESL, ZRHR—EXE
ERERIK ST R B RIEE . SO KT 00 BARMIE T U5 E & RBUA ST
SHRIERE L. JE RO BTAEZE 1776 4F AR A C B R0 B8 A e B0 I BB A 90D
—Heh, B TEFHENERES. HEAN, S IHsIRNFNEENRE
EPES SN EATHEOLE, RERecERMEMKNEIEER, BNz HE
FHHH L. BEARERNEARES . KD ZFEEE 1817 EHIEN (BUALHFEER
BEE) —Bd, FXERMEMKEENER, X FERTHEONE, EFE
HRATEAEXREF TS, fiE. =% AN XRANRBELME, HiE
H TINAS KN — A EEBS——IRB e, thigh, EmBEmMmENX
BT, AO#K. BENESRARE. TH K RAPNES, BERAREEL,
AORERE, SHEARERE. 19 HEY), FESHFEHIFLREADEK
RIBH, BAFERLATHRURSY RN TRHOLHASERES, BSR4 E
REAHAMEMKNEIERR. BEEER 1912 EHEN (SFREER) —B
o, B TOIEFER. BN, BEENAR LREFEUSEHH—FHRRAR
ik, BFXFHEAREHHRAH HEF LV FOLIFIES. M 19 HE FLm7
—RKE BFATEFERIRNAERBENER, FERR—ERBNETRE
WAATFER. £ AR RS BB EMRERERLE HE, SKEKEELRE
FRA— NSRBI TRBFR .

i B3 K 7 i (Neoclassical Growth Theory) 2 B3 M\ ILE R = IR H k1 .
SBHEMELNLE (BR) B, BY T —EBEFHEREYRF. ZRfH
SRRV RS RBOER . GEL) —BHHER, BANREFSHFS EH
— WAy, R tFESIBRE E BT HRAE RSB LH4 . BB LR
BEERTHEOGE: B— NBYELEEADKE. RANEASEAREEFEN
BRAHTRYHN, NKIXE, XEEEHLTF. B, SEFELHHLHE A
R—EAEFENER EMASTFHRENREME, dFAMNOMNRIRE
WA RSB AKREL, —ENRKFEYAREEN, Rl @R TEr TR
=, ETIBURFE CLRASHEN, RS ARRRT KAXH, KERLEN
#in. FELFEFRE B ERFHarrod)Z A AK, JUBHHESERA DR,
SEH SR, B, BTFIRHEME, BBET 1939FRET (BHEER)
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MARE
—3, XF 1948 FHRT (FHFLFIFR) —B, EER LT T RENRIES S
. EX—H, XELFFXESEDoman#HIT THRLMWHAR, KRT (FE
¥R EREMBRA) 5 Fkmmdl) WEies. MM AR, F8HTENX
BETH—PRBANAIE, FEAF GG KRN TR,

e E-Z LR NEERARRBNERBFREF LR, BHEELER)
HABERFSET BB E EHARBS R LT 4RSS K &4, FH,
RETHEIBMAEFEAKFOERIEE KR, DRETRETHHAMKHER
BREESR. BRHTHER. REARBENFTHNEKEHEMIIRERN, REF
BRKUMSIRE, ORI KR ERESCIMER. Hit, RPE-ZIHE
BRI A“NEHR . RFRM.SolowRAHF T B ERARRBEF~EH, KA
FHERALTRNAERY, #RT “7I70LAMK” AE, BHLFEKEKRS
FAFOL T AT LUEE| — MRS, BERTFMRTIMERNFEER. BAHFAE. A
DK ENE>RY, HEZRARMBEAROER, VHREFARAGESRK, &
AJUEHIHEEMA OBKROFER TRER—3, FEERLSE LEE, X—NH,
REZFFEFE(T.W.Swan) g T SERFEFHRAKM S, B2 ART—HER
B, HoPr KR RRERSFFFIRNZER. T ZB (J Robinson) KA. REZFFF
FF/RZNKaldo)FARHH, TER[REBASEE LT KHE S, B
ZHREANSEEFIREZHEER, DAoL ERK.

60 F4X, FHE#R(E.F.Denison) AR EZLFEKKII LREATF, HEFHKER
WERAPAEFBERBA S ENRAAFER HRAAR, IR THKERNE
MRERELFE KT IERNE. FFRHIEH, MREREFFERNER, BR#P
MEFHKAERARAEN, RhERMRHLHOERRK, HBH T ERELTE
K, BIAAREE, #HEREARRNERATRASERSR.

70 FAH), IS E RS E TEBe AR5 AT (E.J Forrester) H#Z R i1 £ A Z BT
(D.-HMeadow)H#Z A 1) “FLESRN”, #ETREWEFEKH 5 AEEEER: &
AOEK. REfts. BERR. FEEEMBHEHE WX 5 HFERMERFR
MELIREORE K, FXAREDNEN TS, BT HAZFEKRERL T
B RICHERR .

1.1.2 AAEHKH R SER

FE AU K BRI ST KE B R B T EXTM, (B F &Y
KEBHARHBAHTE A S HUER, FRETEMAENERA A HRRIE
AT HERZ .

Stxt T SN KR FEZE MR 2, B B (K.J. Arrow)F1 8 3 37 2 (E. Sheshinski)
EF3MIRER)REFOEYRAR, UERNAREEAEELHHIRE,
B EEERERA U FETYSR AR EMRBEY, RET FheE

2
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B, EENMERF, ERADPHEECHBKER, THTRA#PHAEN. &
BT B AT TR TAEQUSERE E, B 3(P.H.Romer). /5 #i® (R.E.Lucas)I % I
% (S.Rebelo)’ ¥ R&D Bt A ELRFERBAHBKERELR, AN AR
FTREEBNOAREING R, WREFHPAFEEFRE. REFAHEESR,
B4, BB EKATUKBPRFHIE, XE—MMIERBETEFEKAKHEEN
Z. FIEoABKERPH —NEEAREREERIEARE, Lk, EEEZH
FHBENHARERAMNBHEAIEE, BEA4ER. TR, FLiHT(D.Cass)fl
PE % 8 37 (T.C.Koopmans)7E X 75 [ #t tf T FF B HERAFL, Al AT1H L4 5% (F.Ramsey)
FERERMUESTSIABFTHREKER, IMEEASLRERBET LB
&%, hESKREETEFENEBERX. FItREKER SIS M E
FEANOMKE, LHELEBEAERN, BABREHAOEKEREKT ANELRM
ABFEHBREKE, MRS THN FEEHEKFHAY-HEKE, @l
AFEEST. ADTBABRERAAF, AAEKELITUESHAENL. AL
1 & 7 i (Endogenous Growth Theory)iZ i T H i i K S I RE, NEERAE
EIAE, ESIANETEFERANSFRENEM L, BYTATERRERS
FNSKER, ¥RBTELHRERNFLFREF —IHEAAARAER, #IITELHF
WKELHRRE.

1.1.3 FEERIIHKER SHR |

AT RAEE . TR, B, ANWBRENLHFEKHER, KEHEFIHKER
HERRELTT R HAAN BT, BIRREAER SR ZE#ETACE . 3FJ1(G-Shinkai)
R T ERRBAZEFH TR IS KRB ANEE . FESLLH.Uzawa)E L
THENEFERSMEIEHRSRORBIIEEER . EFELXHEES, &
FRAERERM: HRMARTER, BEFKOEARHTRES, FFahEHBRARA
TR, BEBN KA =1 K A IR A R A A = iR 0, B3 B R A8 % d,
HROFIIREHR W, FHMBREAREZZ A FLFFREFENIE L&, 254
AFEERSEAINRERE, RN TEMBLREHATES, AEEERLAE
ARE. EXEREFHT, FELGERTHEGKN, ABRERE—M, HBK
R EREEN, EMVIHEREHAYBRRRLHRERSA T —HEE.

AEED HxE e S KRR AL EF S X —BAE A, BEER
K(T.PSchitz). M7 /R(G.S.Becker) BT /BBE, FEAEFH HMREFIIEKERFFIAT
AJ1 %A (Human Capital). S FHTEERARLFT . TEREEMIILTHKER,
BENANREABRRBALE TELSTPEFRKE, HETABHRNOITE, #HitT
ZEFRKERPERSHOHE, EHEME, BEUTHEXEFZENEKE.

DS U ELEHMEH T RS KERHSITERY, THE, AREX
BRATRSBTHRE, FIHREZFFURLSTIHRAISREFT KPR . WRAEEBRARME
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Cibaki S

o, AIFEHERLSBT - MaEriEE, BNFEERKRE. FERRX—R
B, /T AETARGIFEE, ZRBAEF=/HENIF<: BIRFMBE. &=
FIRAIRIN B . FiREIH PRI IR R RFHTET, BFmiR
E—BAERNRBRREFLRN, U, SFEKEMHANBEELR, FFEE
KB

H U KRB K AR TAMERRARZL, B HEFBKERER TAEREAR
ZURX—HERTRENSE . AFROIT—H, FNSHIAREERASIERRK
ARBUERMBBRETIHKE, BE5FRRANE> RPAERMEEREAR, BN
BERAREARBRAAZNERE, PR UFEENATEEERRETE
 ARASHHERLANET. ENSEF AT RAMEEHT T R: (D) BH
K3 AEDEEMANTEER, HREAOZHBER—FITPAE: Q) FHAATHEE
PAEFERATREMS: ) 5IAZHERR. ENTHE="HTRAKNT R, BHTL
FAI—BHL#®P.

1.2 BIREFFHKHE I SRAN[RBE

121 FHMKHERSHEANRBRE

By LI ER M 40 FEAURE] 70 SEAK, £t T 30 BERKE, XK
BRAKHATAD A=A B—IEBREMN 40 FRKE] 60 F9], IRRTHE, £
DEVNRZE-ZLER, RY. FEERHKNF G KEINRE.FERBRA. £
REFNRE TSR ARE: BB BEREE 60 FR, FTERABREAE
Pa %R PEZZ 1R %K (S Kuznets) E RN B F R 4347 025l _E BT AT ML Tr KR ETR
E=THMBEEE 70 £/, HXLEIMishan)ZF A WL FHKRMBRNEE
(D.H.Meadows)% A K12 518 K 1% BR & 40 ik

B, WP E-ZOEMNHTREEERRBAE R RS, BATIERE “T]
T LRI 5. RFNRBBTE-Z DR KX—6RME, EMOEESSIAT
BERZ A R AR . REREBERAFER T & AR, BHAERER
BLERMERIERT, BAFERKE, 28 KESEE, FENZHEEEKAE
R, FR&E LEESE R, EXNMERERELFEKMILLEAR. EdEH—
ZHLE, FZEFMANTHARFT EREKE, RFVEREHEFE LREE
XK, MERHATEEEE. FEHES, WRMEAFMEIFIIER. 60 FER¥IM, F
WA KE R K RBIER P FENX — A&, FFLASME IR P RRF, X
AEefEFf B KEWIEGRE, A ERRES S ZF I KEREIGKAIZIN
ELFEKBELHANTGEZ N, SFEKERASTRERBELTEEKNSR. HK,
H MK E R SRR, X3 ToiiRe KR, KB XRENHR
FERENLF TR EEREE N, BEFEATRERE. B TZE5RFHEA0
4
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RERMBE, EHALES, —RERELFRLOEHAEAR. BEZARENS
SMRIREE Y RN R REHRRAT RN BN, TRITRAN, SFlKdE
RETHEN. BTN, MG LR tiR, BREZETEN. FYNERRER,
KRR EIERAS 4 TS £ SERS R R BT, IR ERETHEY
HROEERF. EXHEETHTHIANLE L BRERDSFHLBELHRE, W
MEFHEKATHHERE T EERA, B—ELER, HREESFHLORL SR
K% SRR T RS .

B7E 60 £, ENREFELFBAERIRYMSY: “BEREMNFHEES
HIER—ANRMTFH, BTESRIMEBERI—AERNSR" REXBRAAL
RO, “IXFRPAS KRR — M ABE S I P AR A BA B 5 AR B 57
17 %45 % (J.E. Stiglitz) FE LB FIAHT T 60 F 90 R EELH BT FilN: BF
RIER R IR A4 A\ W AR 22 E 2 PR K 3B 3. B o UK 38 48 B B B s A
BRI RS B RS B RIS E. EXHERT, U2 E25T LN
GHEFFHEFBENER, FREIRFNRRES.

1.2.2 NAEHKHEB SR K )RR HE

80 FERFHI, UFPEK. FEHARKRNEFERZRILFHKKBIIERER
EHERNOAERYE, RETERA#PALETEHFHKERNANELTFHEK
(Endogenous Economic Growth)#it. WA KERIAA, SFEKHFAKB TS5
WK HBIOIES), MRZLFHKAENEBHEE. ZRY. B S @.Aghion)
FIE 4% (P.Howitt)'®). & % 17 & (G.M.Grossman) F# /K ¥ & (E.Helpman)'" } 7 i 7
(P.E.Brezis)f1f} /B /R (T.Daniel)®1% A &G A 5 T K EILR&D) AEL2HHEL.
BAY BIERENATEARES AEMS T, FFHEFEKNES)HETFERED,
T ARB L RETHE BN RES), BdEEARNNEIFH ST RES, TTCAMESEF
KMRFEEEK. N TFEEEMADBKESH G IS KER S ET R, @il
HRBATR . EEEEMAOTBHR, MEE. ANMKEOT RS SHMK
HWHEL, HELAALEL. AEEKERIMIASESZRAFLIE TRIFHN—
t, MTE— AU EAR R T d SR8 BT O AR R A — 3 ) R

NAESTFIEKERKESA, FEELFEKERHAHANT — TR, FHR
A 90 EREFHKERH AN — . BRIEMERIMFRAEZEELEF T R&D K%
F5us i R E A S H/EFABR S HE, S8 R&D R EHRZE. R&D %t EiE A
R ER%.

NAEEKERBANAENAEBRETET/MERR RIS & HUIgKE R
FIAREARERFZ B . R, AASKERHCHENKIES WAL e Pk
B, BAEBREKIES HANAIEE ISR EgK &,

1.2.3 FEIIEKE R SR MR R



bRk

AHETEKER AL, S FEEMITAHBRELHBFFIRARRML, FHHE
N BSFENBEXMTAHEER. HEA, BLETEE—AEFTaHEHRFER
FHRE—9%F, #MEdHANENFENE. —HEREENE, XBEIUTRUE
FHEKMOKEER, BeSBrzRrEEKXR. B, BXEEMeade, J. E)E
BN AF S B AR, MRS g K NE R UK, XA & AR,
HARBIILTFEKAHEERZEEIEE, WFFEUzawa,H.). 171l (Takayama, A.)
FIEEZZIE R (S. Kuznets) ZHIPIEE I T KER. HL, ST RENEZ BB H T —&K
BWEREE, AR ERE—HF, EAZHEBORT, EFREHLT T EDER.
EREERE, WEBMKRRREN —FHENIASR, ZETHETHLAHTITIZ
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