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GDP A ¥ AR A 45 2] 1990 4F b 505 A 77 18 HU(E Vi [l O 925. 10 {2 J0—1550. 12 {270, PAIEE
#fi, AT A 2 AL 30 S48 1) 1990 AR BEATE 5 UEE [

2.1 B
W UR PEA A T i e A AR S R A A

Inf(t) = Inl(0) + 6t + pu, (28)
Horp R ZET p, TN AR(L) 8L AR(2) , B BEA 0T 32 B BOR QIR S5 I R iy il o e, ARNAAR B9
Tit:
W, = pu,, +&,e ~ N(O,02) (29)

© HHEBB m, RO g, B8 gy —m o B Q2R g, B g,y —my o AGTHER (26) AT E] (27) X,
@ XMW RN SRS R (2014)
@ BRAEL TV, G SO BEA AR I B ([ B TE RS B BEARHTIHILL 1990 4E Mt
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B = Pty + o, + 8, ~ N(O,07) (30)
PAAGT Ry 1), AR A 1954—1990 4 [ 5 W AR B B A0 B AR IX 1) A 15 700 (28) mf 45 . @
Inf = 4.8918 +0.1154 %t u, = 0.7983u, , - 0.3878u, ,®
(4.78) (-2.32) (13.39) (5.53)
R* = 0.8795,R*> = 0.8595,D. W = 2.0013, (31)

Horr,1990 4E1) 1 =0,1989 4R ¢ = —1,1988 4E 1 ¢ = -2 MRKAGFBIKAE ¢ fHo HAAL(31) Af45:Inl(0) =
4.8918,0 =0. 1154, f1 (31) 4G 2N W) 4 1 1990 AFL T BEASAE 52 1154, 17 {470, %00 S (B 1A 70 3 1 28 1%
D1 1990 4R 3 B8 A A7 1 BU(E ¥ [l 925. 10—1550. 12 {202 N, LB BE A f7 & — 77 i Ll oy
2.3046, LAY SCHR b A4 F AT A 19 1990 4E b 5t B A A7 S M 1162. 25 {¢ 7T, b A SCiH i Al i)
) 1154. 17 {255 8. 08 {255, % fH AL Hy 1990 4FJL 50 GDP [ 0. 0161,

AL 5T B A B0 4R ] 1990 42 B A A7 5 2 0L, 38 W] 75 3 3 [ HAth 30 >4 1 W 46 3 1990 4F
M BEALE R, FRE 31 A MR IR #1990 BEAHE & 1y g KR A TH i wl e W R A fF Y, B
SEA SCHk U B 1Y 1990 4R BF A A7 (A M B

(=) PrIHEEE AR AL

FH 2 O 54 1 2 3 A 0 > A1 0 1Y [ A TR B0 AR B A T I, G O Ay [ AR
Wi A% 45 B AL T LG p 9 [ A B AS T R A (5T ) MBS AT IH . b 3R A W0 46 1 1990 4 1Y
PEAAE R PG A GEA YT IH, XA AE P IH R BEARL (21) F AT AR 47 IH R A (26) i 4T K LR
it ®

L AT IH B RS T

H T AR 2R AR R AR SR Ak 1 X5 400 4 1 48 0 WU, AR SR AT Klump et al. (2007 ) 19 42 Ry e L7 1 6
XF P AT IHARBIARL(21) PrIHA d FIAHC R L p & KRG, 22 300E L4 [0. 001 <d <0.9, -
0.99 <p <0.99 ] P2 HUH , #3000 E IR B I R A3 B 2 Ry e Al HE .

AT H R S50 d A5 THE N 0. 061, #HOC R E p 7 0.9744 1 T it = vl J1, &
I BN . BAZEYT IH R ARG 5] 1991—2015 4 [a] b 5t 47 IH 24 {H 6. 095% ., 56 50 A28
PrIHZEBAAL T — 15 230 = H Al 30 4 AT IHZE

2. faj AR 1T

X F IR AR RY (22) , WAL o FERE REL A FIAH G R B p B OCHEWI 4G (H, 2% € LI [0. 001 <
a<0.9,-10<A<10, =0.99 <p <0.99 ] P 25 Flt AL, 4% 2 157 % B0 ARL AR M8 S5 KAl 3, B 42 Ry i
P ) F ARG T

b5 R AR o A THE Y 0. 0621 7 IHAR 1) GDP I FE R E A Ty 0. 1404 41 & R ¥k p it
H40.9762, f TAERIHN, B0 B . o & SR S B THE o A1 A MR 4E (8) X 2 8k
RAR GBI -1/T) =a/A, NTIAFE] T =2/ (A = a) , iz 0] 15 2] 405t 5 AR B HOR 3 D Ry
1.7933, W a A fhHE M AL 52 1991—2015 4F (i) GDP #4258 1 (22) A 15 5] 1991—2015 4 (7]
e AT AR T IH R EATRBIME R 6.2108% 1 bR HTIH 2 ) If 191 5% A< A7 5 F 4% 95 15 2] b 5 ] 5
R A7 4

© 19521977 4 [ 5 VEA T B A0 3o [ 7 W 7™ 40 i 41 50 (76 W, 2009 ) %4k 1990 4E 7T LA o
@ B = my v dy ) A, =0.7983 44 x ( —0.3878) <0,d, = -0.3878 > — 1, MR AL R Sk
SR 3 U 2% S AR R AL 99 2R SRR U o
@ A THRCRIE, A A 1B m, X7 IH 520 69 (22) 300 ] 28 P 10 32 077 SRR B A 177 SRR 1 2% 18 m, X 47 IH 5
52 R 1) (27 ) 34 S W7 AR 37 TH 5 02 ZR B0 R g & 2 i
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3. B AR A

b AR A5 0 () A A b B, AR m mGem D SR AT IH
P16 W BEAAT 1 M GDP M R Al g BB LA T T7 1k — B RO LR A Al T R 2B L (26) L 15
PSR (27) W SR, A 7R AR O B2 1

ARSI 1 SRAGTHE A T A8 3 R R A R o b st B R 1 2404 3
{EAFEIAE AT 1991—2015 4F [a] A B £ AR S #{EH O 1.5057 0 i o M1 A B9AGIHE L JL AT 1991—
2015 4 [A] GDP Mg AR J i L B8 5 BEAAF B 2 1, i (27) sUA5 3] 1991—2015 45 [ Jb 5 A 2% 7 1H
FRGEIH N 6.6403% o H IX S 4T IH A W0 46 309 09 U5 AS A7 BRI £ BT, 49 B L U S R B 1 R AR
o

AL ST 2R 1 (i GEA A7 e AN 08, AT AR B 10 my omy-omy o [A)HRAS B R R R 2 1y
FEIHEL . LRt BT 2 SRS THE R T (B B35, R TR AR .t B 20 B 2 15 3 b 5t
BEAMRIL X F AR 2 1.8294, iy (27) 15 2] 1991—2015 4[] Jb 5 n] 748 47 1H 32 19 2 {4
6.6507% o H1IXLEYT I ) 4 0] 0 B A A7 1 AIBE T, 45 U RUA R N 2 iy BE A7 i

AL ST 2 MY 2 (i GEA A7 BE AN 08 A3 30 4 0 my omy-eomd o ) FAG 30 52 0 BT 3 (i
THE, ZBE RS HO AR T (20 83 0, SHIAL A A M S B8 3 ml 4 3 L At 1991—
2015 4E (A R B A H AR BEL Oy 1. 8121,1991—2015 48 i) Jb 5t Al A2 47 IH L4 fH 2y 6. 6506% [ ixX 44
PriF 2 e ] 0 B A R BT A3 B U R 3 I A7 4

H b 3R ] B AR T TH AR A 3k AR T AR, 20— AT B A i, PR = A A R A
T SRR 3 AN T EE TP RS, AR BAE 3 AN IR 2R S B T AR (R B R
A AT IH R B {ELA5 T 1

a ZRAGTHE I AU AU B 1 SRR 3 288 TP A . JERUE A4BER 1 A A3 {E N 0. 0664
B AR 2 B Al THE 0. 0665 , F-BIJL 5t S A BEAY 3 [ Al 71 (B 0. 0665 , HoAH 5 b 5t A2 4 KA 2 11y
FETHEAT ST . A SR THE A2 R 1 9 0. 1977 BB R 2 1 0. 1457, f 51 52 J 4L
T3 1 0. 1484 52 AT 3 (A5 THEL- S AT 2 A9 Ak A SR .

3K p Z R THAIE  BER A H AR ok B A BT O, R THE TP A et = A pin
1R U 280 2 (i B A AR B AU EOR 2E 25 70 591 g 1. 5057 i1 1. 8294 41 2% 0. 3237, Jb st S il
3R BB AR BEAE O 1. 8121, A J0 R 2 #22 0. 0173, RIS L | B B 3, BEA (K
XA BB TR

R BRI IH R I {E N 6.6403% , IR KL 2 [ 37 IH R B {5 6. 6507% , # 22
0.0104 4~ 70 id o BB 3 B3t IH R 6.6506% , 5 b 50 AL R A AL 2 (9 37 IH R (M 22
0. 0001 4~ 3 i, B H %I

1o 3 A a0 2R R 2 JOAl (B R B SC R BE 28 BT IR R B ml A, b 0 A s 45 R
1 BE 5 B AR R 3 A9 4T IH 508 T W S Fa, SR BB 3 ik 3 9 m] A2 Jr IH SR AR 3 1200 T B Y
(27) B E ST IR AR o P, U U SR A Y 3 n] A D b Bt 3 I A4 m] A8 52 A Y g A O b it B 2%
BEA

SZIRMETN (27 ) 2 oy fRT AR R (22) 3l ad B8 9 WA AT i Z U IB IEAR B Y, HL 92 JRAE T BT AT
(2) PR T AR (BT « PR (22) Ak AN 5008, R AR (27) P
Bt XA B AR (27) 2B A S I L SE B A AT 2 1 A2 AL o

JEHT AT AR (22) FAL U AR (27) h, B o WA THE AT AE 22 57, A 22 0. 0044, JE AU

©  Homgy =L /K AR R R AR SOR AR R 45 BT 2 4 I BEAC T I A 2 4R 1 i 0T
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FRIRY (22) Z 80 A WA TTHE N 0. 1404, JL 505 - BE R (27 ) B A TH{EL S 0. 1484 & T4 22 0. 008
ALty BB R (22) 13 2 A BEAR B0 1. 7933, QU RUAE J9 R (27) 15 3 i BE A R B 1. 8121,
GEA R B S CH AR B2 A 22 0. 0188, P g b 5t A2 J BERLJE A iy SR8 U Lty |- 25 18 1 B0 9 WA
ZI.

Fi IR b fa] AR A T AL RE 9 77 i, A B AL 30 S48 {7 1991—2015 4F ] BB Y (22) 9 £k
THE, #2314 O34T IH R GDP KRR B A B 31 A& B T lidd (5l R e
Y0P IR VRGBT CHO T AT RAE 10 48 (3 4T IH AR GDP 3R R R B TSk, Hith 21
ANEATIHARR CDP KRR EIY RIE . mITIHZM CDP KR RE A, nl 15 230 = & 0y A K
AEARBES o 31 A2 DEMEARBAE AL KT 1,006 10 MEHHENT 1,0
WL, 1990—2015 45 i) T [ 5 A BT AR B HOR Bk 2R DL BT

TR E 31 A4 0 S A BB, A7 2848 i 37 IH F8 1 GDP 3SR AR R B THE W IE , A 2845 4y 1Y
FETHE N e S5 1R R (22) Al 3T T TH R Y CDP 3 KRR HAT S — 2. MR A B R (27) 28
ZIE B A AT B 3 A BEA R B R HE S JE X E AT R B NHER (WA 1) o A R
(22) 15 2 A FC [ 4 0y A B HE 2 5 52 R RN (27 ) 15 B 9 BE AR B ACEOR BE 2 o i, RIA A
SCHRR T 145 B BT A PR B AR HE A — B[] It 2 WY AR S 5 1) 3 1 B8 AR 1A B X AR ik

e AT HERY
x 1 1990—2015 4 & & & & o % A KA KX AR & ¥ K H 7
HA . N FAMA | HA . N FAMA
;i; we it & it & iij;j ;i; b it & fl it & iij;;

1 L 0.0576 0.1149 2.0068 17 B 0. 0658 0.1813 1.5693
2 W % 0.0739 0. 1483 1.9943 18 =N 0. 0602 0.1735 1.5316
3 R E 0. 0521 0.1074 1.9428 19 i e 0.0717 0.2123 1.5104
4 = 0. 0475 0. 0984 1.9346 20 ¥E 0.0599 0. 2407 1.3315
5 # T 0.0713 0. 1483 1.9258 21 =8 0.0632 0.2988 1.268
6 k-4 0. 0607 0. 1266 1.9204 22 AL 0.0488 -0.3961 | 0.8903
7 I3 0. 0968 0.21 1. 8555 23 % 7 0. 0555 -0.4351 | 0.8869
8 El a3 0. 0665 0.1484 1. 8121 24 e 0. 0506 -0.2857 | 0.8495
9 R 0.0779 0.1742 1.8092 25 A 0.0614 -0.3319 | 0.8439
10 ] 0.0582 0.1374 1.7344 26 il 0. 0606 -0.3115 | 0.8372
11 i) 0. 0504 0.1216 1.7089 27 H 0.0524 -0.2288 | 0.8135
12 TR 0. 0606 0.1503 1.6771 28 v 0. 0575 -0.234 0. 8028
13 # 4k 0. 0691 0.1719 1.6721 29 TE 0. 0586 -0.2203 | 0.7899
14 qTT 0.0576 0. 1443 1.6638 30 i) 0.0778 -0.2909 | 0.7889
15 4k 0. 0655 0. 1668 1. 6464 31 =] 0. 0555 -0.2042 | 0.7864
16 ] 0.0698 0.1836 1. 606

Hie 1, J A 0 AR B H R PE 2 5 % A I & TR BLSC R —BOiy o B, 7 38 i BE AR
PR B A BE 1. 3315, [N 35 88 iy 0 10 B A (A B o A 0 IR LGl AR B BT O, D
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JETE" il — TR R, BT aE 1990—2015 4R Y BE A K L 2 R 9 2D A X B . Al ot S A A
RIS B E 31 A M AR I A B R 32D 22 BE 3K, 1990—2015 4F [i) % A (R 90 X B Rk 20 3
{5 R B VL F5 2.0068 , 55— L ZK #9 1.9943 , d /N A9 O 13 15 7Y 0. 7864, die R Y 2 dic /) 1Y
2.5515 %,

PEAR B A F AR AL KT 1, R W7 IH TR 14 55 A2 A 800010 BF A k32, BE A A7 i A AUTE R |-
BEI A BT OR B A TR R AR B AR SR AN T L, SR TH SR A B AR S O BT
AR GEAS A 1 BN R R, WA FE TR AOR A R . RE 31 A 210 A G
1990—2015 AEGEA A FL AR BE L KT 1,40H 10 ME G AR F AR LN T 1L L),
BEAMR B A F AR KT 1, 7 IHZ 5 3K S A IE ) 56 R AR B A ARSI /N T 1L 4
REWRBZAFER KR .

( =) Monte Carlo #5545 56

N TG /IR AS AR AR A R AR AR Al A Y 2 B P AR R AT FE A, A SR T Monte Carlo 5
D077V AG: 9 B H A A AR T 00 O 1] 1k o RS ADUAS: 96 vh o ] 3R 1 4 43 000 i ) 1990 4E S ACAE &t ]
Fe M B B A3 e R AR AT IH AR S HE THE % BT O iR AU A B S = 500 S¢4E R B AT IH
B Al

Dy =1d+p,, w =p-p.,+e (32)
Horp,dy Sy o I3RS Oy BT IR, &) S b v LE 25 40 A1 A 0 BB AL AR 5L 1, SRR T R SR ¢ 5 ) i
i (32) A Al g, BT IH D) Q4% 7P IH R BEPLER 22 , #% (32) AABAUAE 2] S =500 HAFTIH &) 10 &, K
XL HE 5 1, R SRR K AR A T, TS BIAS AR BT IH S A A Monte Carlo 84545 5

1% 2 AT, AU 5t A2 3 IH S5 AY Monte Carlo #2400 6, = (d,p) = (0.06095,0.9744) 'K
AT IH AR SRS R DS R d A p KR AR # H 0 T A 22 I TH AR S 40Rs THE, Bl 5 sk
P 22 BE 73 531 29 0. 0018 1 0. 0022 , #4002 501 J5 22 /0N, S - 2 B 4UUARE 8 1) 2 Al T 2 (A 5 4%
T AT IH AR S Al A, R W T AR IH BRI S 80l 2 Te e vT {5 1 o

i 22 2 A1, & B A Monte Carlo #5481 250 0, = (a,A,p) = (0.062108,0. 1404,0.9762) ,=
Hoa X Fp 5L TE 1 (B B2 T T R B BN 2 MRl L, 5 S R 22 BE 43 0 S 0. 0024,0. 0032 I
0. 0024, H Y77 228/, 508 R B RESURE B AL 1249 F AR 4 30 T bt ] B Y S S Al TH L, SR T
% TR] B 2 A T2 TE i AT A5 Y
% 2 kE AR mEEEAREFFEUR R

FERF AR EEA EEE SRy

it S8 | HEUNEITAKNE | BUSEHAKGEL | BEMNGTRERE | ENSETREREER

d = a 0. 06095[0.0301 ] 0.0018 0.062108[0.0361 ] 0. 0024
A 0. 1404[0.0394 ] 0.0032
p 0.9744[0.0153] 0. 0022 0.9762[0.0291 ] 0. 0024

T AZEGEAT AR B0y 0, = (d,p) = (0.06095,0.9744) ; 0] A2 GE AT 1A A AT B 40N 0, = (a,A,p) =
(0.062108,0. 1404, 0.9762) ,

O  EERG R EARB BRI A T, =A,, /A, A O e+ 1 BSEPR & 3R G B0 W8 AR £ R ik 25 7K LA, 19 %
AR A,y o W+ 1 AT I ST R B U BT VA T B AR OR A ¢ W, s AR AT T o M H S PR SRR S A, ek T AR
HE e+ 1T BB ARFEARFEL KT A, DNT A
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F2 G S N OB S AL TR Ty 22 o BT BOS 0  E R AE S RO E S AT EZ 22
XA S SRS THEZ .

U1 ] b 5 S 5 4 T 2265 0 A 7] SR Monte Carlo BESUUAS 56, 1L 5T 3 AN 53 R4 78 52 4 - 2 A 401
RS H a A M p AT EEGE TR RS B THE, HAR LS B9 22 2 2 80/, BRI S5
b1 I7 2280 SR 2 BB R 2 B T B ELAR el T A2 AR B S Al T, R BT AE U A it
ISR TR IO P S 9 o Fofl 30 47 403 A 748 Rl A2 Jr [H A A5 7 4738 i Monte Carlo 54004 5, H
(R R E T

T ARG L A

(—) WAL R I

Hi R IH AR (9 2RO THE B0 3R BEA A BB BT, AT A2 1990—2015 4R (] 6 31 45
i AN AR T IH A, DT AT 2 AH I 1) 58 A A 4 AR A8 3 TH R

b 5 fR7 B R AN A3 IH R AR 5 GDP 8 KRB IE A5 B, A TR 3T IH SRR Rl AR i, He
{HS AT IH R . AR AR I IH R I E D 6. 2108 % , AN AT IH A ARl 3 9 7 IH R
N 6.0950% AN ZZ 0. 1158 AN F 70 i o AU AT A 2 B8 7R 0 ol i SRR R0 o B B8 5 WA AP i Z 18
EAF R, b 50T IH 2 5 f7 SR AL A 3 10 A8 e B el o b ut 52 22 B R A5 20 /9 3 IH R 4 (E
6. 6506% , 5 b ¢ ] B B 4% B I IH A (E AU 22 0. 5556 A H 2r o HIIX 3 DMEERI A, JL i 2
ARG TH A B A Fr IH R R ST TH R

d AT AT B AT E 31 48 i 1991—2015 4 Ja] Al A2 3y [H AR, K 31 & (I IH R4 A H A,
FLIA — 48 03 25 AF 0y B 37 IH SR A A TR o G ol T 2 el 3 T SR80 A3 4% 4 00 97 TH 3R, 1 BB L 58 S Ik
T 2548 13 37 10 3, oy 4 AT TH 255 30 1% 3 [ 4 17 B A A7 B0 20 Ml 28 FL S I AR A7 4t

(=) 55 BUA SCHRR N /Y B AR A7 1 LL R

I THRE AR SO T 3 TH 50 5558 AR 74 5 © A SCHR N B30 1) BE A A7 B R AT LU AR

5K ZE A (2004) #1952 A=A 50 3 151 4 00 9 A A7 2k 09 00 B 00, A AT D DA I B AS OB I A
TRAE SR BB AR A X R L LA i AR R K T R G AT IR RS — O 9. 6% 35 15 B 9.
[ 30 A~ iy 1952—2000 4F[A] BEA AT H (1952 4R i1) o f 45058 b A0 46 45 550, #5 1990—2000 4[]
FE A&y BEAAT L FL AL O 1990 A0 3 BT AL

FLZEZN (2008 ) f5 1952 AR 5 BT AR A7 45 1 00 46 30, DA I 9 A OB Jl 4 S ) 48 1 45 B¢
W, K 4 AT IH 210, 96% AR D B 43 97 IH 3, AR 46 K 22 A7 115 2 - E 30 4>48 1 1952—
2005 4F i) GEA AT 4 (1952 4R 31) o BT O A% 35 40, FF 1990—2000 4[] K [ 45 173 B A A7 1 5%
2 1990 AEHr iH AT AL

PIKEFNSZRAR(2010) LA 1952 45 g 4] 4y J01 00 5 ¢ ] 48 47 B AR A7 42t AR Bl o [ 8 340 268 4 56
Bli i F A B e E T IH R E R 5. 34% U w5 1) 6% 1E 0 FIE A 0 4 IH 3 o bl B8 i 4 48 4K
H 1990—2000 4FF [ 45 13 G A A7 FE L 1990 AF M i B A AT+ .

R AN A (2011) H 47 IH SR AN IH 53 75 A~ 5 399 25 1 - 5 — S I 383 Oy 1952—1984 4F 48—
R B GE T4 4 25 g TS Aol [ 5E B8 7 4 TH SR AR D 3 A8 O 3 TH A 58 A g o
1985—2009 4F , F A1 GE 7135 4% 21 3 [ 4 6y 37 1H 2, F) ik 2 47 8 0% 0 08 3R (50 4 4 1952—2009 4F
]G A A7 45 (1978 AE4r) o bl 85T il M A 15 200K (b T 100 59 1) B AR 77 48 5% A O 1990 443 (9 4 1)
WAL,

R SCHER TSR Y R A 3 T T R AR SO AR Y I A O i TH R AE 25 S o 5K AR A (2004)
IR F A 17 1990 4F BE A A7 4 LU A0 45 (2010 ) AR SO 3 10 B3 A 77 4 2R 28 {H /) T i 45
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(2011) ByM5E , 5 B LA (2008 ) (I 55 450 R 40T o 5 Ho Al = 0 2 8 AR SO B 98 A A7 AT L, 5K
45 (2004) 14T IH R 45, DR 7k 245 (2004 ) 305004 3 [ 45 0 BE A7 R B i AL/ o il T HLEEAR
(2008 ) (47 IH A& /I | 5 HAL = 07 2 25 FIAS SO B3 BEA A7 BEAT L, 552785 (2008 ) 0 55 1) 3 11 45
1990—2009 4[] 5 A< 171 4 i 1Y K o

PIEESE (2010 ) I 50 (9 3 1645 13 1990 4F B8 AAE & fge /I, A AT 58 1) 3 1 30 5 A SO A 3 1 3 TR
AR TR IS A 1T 00 530 49 & [5] 45 iy 1990—2009 45 [] 5% A A7 -5 A% ST 3 18 B A A7 4t 0 Oy 4
AT 5 5K %5 (2004 ) 11y 3 [ 45 13 37 IH A 45 B 5878 (2008 ) 9T IH R B 2

AR A (2011 ) 0 8 g e el 48 13 3 H 302 BRAT 1) SCRR B/ i o 55 He At 5 2k DO R 1) B8 A A
FH G, 34 (2011) S35 A9 L 50 1990—2012 4R [A] BEAAF B2 A8 K

——UITHEAF (2011) —m— iK% (2004) HEEA (2006)
000000 -~ IMESE (2010) - AEHTIHARTTAA BESGEE N
800000
700000
600000
500000
400000
300000
200000
100000

——
15

11
SO &L
AP

() 1 1 1 1 1 1 1
RIS
Bl AXHEXNENEZENENRELENALFELR
D5 (1) 2 4 00 5 00V A 07 I AL 5 72 2 80 VE 88 05 0 6y 1990 45§ 69 V6 A 6 . 19902000 4F i 3 %
(2004) Ve F7 K 1 967 (2004) 15 20012005 45 1§ 9 (2004) V5 415 bt J2H B °F (2004) 0 58 96 1 4 )
WARFETIESFIN ., A (2008) (K 1990—2005 4 7] 3k [F 2 4y U5 A 17 1 % H B 5575 (2008 ) , 1 2006—2009 4
1 02 2 2008 ) 525 W6 2 (2008 ) 6 05T U6 4647 B 6 09 P A0 3000 . (2) TR 514 B 6 A 47 B 590 2 96 1 1
DB 3T A By R OLEE A IR (3) % 5 09 90 54 0 Ve A 17 0 I 5 VE A A4 O 0
1000 45 {1930 14 63V ATt (4) 1990 45 G 3F 1990 5140 63 Ve A 17 B AR AT AT 7% 51 1990 5 6 6 96 144 3 Ve A
H A 540 BT AT T, AR SR T AR B0 (0 AR AR BT TH 252 R0 AT AR 47 1H 232 DA 0 5545 21 1) 3% 1= 4 1 9
AT A T A 2 2 DN R BT A RN (8] (DL IAT 1), R AR SOAf 3 3 [ 4 0 3 TH 23 Bl 3 )
WAL RIEA T FEN o ARSCR A T 78 B 077 A5 T Al 22 47 TH 2 IR0 R4S 20 3% [ 48 0 AT 2 .
LM 2 S0 A5 7150 T R A5 512 6 2T L 7B S 5 50 4 47 1
VR G IHR WA B T IR R 407 3%

o + >
/\\zn I«%

A SO T3 A 5 R T B R G 0 ) 1990 4R R E AR A AT il S A BEA A
I AR AP IR 18 7K S8 A5 A7 VR R AT TH A 28 T R B8 A A 0 S R I 2 Y A AR K
Ja R AR R AR LA R AR E A T T IH R RG B IH R O T A ERG, AR A
1AL AZ Y IH AT B K A T, oA R ALK A T TP R B T 31 A T AR I IH AR
AR TAT 2 YT IH ARG CDP MR AR R WO T E 78 A 288 0 D0 0E , A7 4848 {5 O 5 AR 4 nT A2 47 I
AT S RAGTHE R B3R A AR B R B o D TR B /AR AR AR R B AR Al 3 T
P, R SR R P LRI A S8R e v, ar A, FE 31 A48 6y 47 IH 8B 8 2 H0 Ak 3 2 I8 fhi 7T
(ELO
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5 BA I R A 07 AR A7 B SR LB AT R, AR SO T 9 AN A AT AR B T 300 5 ) 1 A
A A T SCHRIN B ) BEASAF B 22 0] o AR SR 3 9 3 [ 48 £ mT 728 47 TH 2O [a] 7 BT SCHR Y it I8
TET  BUA SCHR B [ 4 0 BEA T TH AR A B E 1, BA AR R BT , HLHRR: [ A8 1Y, ke
[T IH AR 2 31 4 0y I 0 3 AR SO 7 Al ot 3R 1 48 T8 r IH SR A9 S8 48 5 i, ELA I ml 28
PR G H AL TR Z T,

AR SCAER S GEA T IR A 1 30 BT AS (A B B R HE 45 10 BRI TR I, SR ) AK R A 7 R
XA BCEA M T REAITIHR M. W ZEE ST 0 R BOR P 5 2 PR K 2 56 R AR
2R RO BE T 5
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Another Estimation Method for the Variable Capital Depreciation Rate .
Based on the Maximum Likelihood Estimation of Chinese

Province Capital Depreciation
CHEN Changbing
(Institute of Economics, Chinese Academy of Social Sciences)
Summary: At present, the literature on depreciation rates in China mainly considers the national depreciation rate, which
is often used to replace provincial ( municipal) rates and is fixed across years. We construct a method to estimate the
variable depreciation rates of provinces ( municipalities) in China using observable provincial ( municipal) depreciation and
considering the economic depreciation caused by technological progress. In addition, the capital stock of provinces
(municipalities) in China during 1990—2015 is calculated.

We use a different method than the literature to estimate the variable depreciation rates of provinces ( municipalities)
in China. The relationship between capital stock and the level of capital embodied technological progress is first obtained.
Then, a mathematical model of depreciation rate, growth rate, and capital embodied technological progress is constructed
using the AK production function, and the variable depreciation rate function is obtained. The variable depreciation rate
model with capital depreciation as the explained variable is constructed using the perpetual inventory and matrix operation
methods, and the variable depreciation rate is estimated by the maximum likelihood method.

We set 1990 as the initial year of the capital stock of provinces ( municipalities) mainly for ease of measurement. The
values for the capital stock of provinces ( municipalities) in 1990 as calculated by various scholars are quite different, so it
is difficult to choose a calculated value, but their mean value can be used as a reference value. Based on the calculated
capital stock, investment, and capital depreciation of provinces ( municipalities) in 1990, the maximum likelihood
estimation of the variable depreciation rate model is carried out. To estimate the variable depreciation rate more accurately,
we use an iterative method to estimate the variable depreciation rate model. After one simple and three complex models are
estimated, the estimated parameter values of such a complex model tend to converge smoothly. The variable depreciation
rates of provinces ( municipalities) in China are obtained from the estimated values of the parameters of the econometric
model. Capital-embodied technological progress of provinces ( municipalities) during 1990—2015 is also calculated. To
test the reliability of the maximum likelihood estimation of small samples, the Monte Carlo method is used to test the
parameter estimation of the variable depreciation rate model.

According to the complex model of 31 estimated provinces ( municipalities), the estimated GDP growth rate
coefficients of 21 provinces ( municipalities) are positive; those of 10 provinces ( municipalities) are negative. Based on
the relationship between the parameters of the complex model, we calculate the capital embodied technological progress of
provinces ( municipalities) and sort them in ascending order, and we find results consistent with the economic reality of
provinces ( municipalities) in China.

According to our estimation from 1991 to 2015, variable depreciation rates in China differ between provinces
(municipalities) and across years. If the national depreciation rate is used to replace the provincial ( municipal )
depreciation rate in China, it may fail to correctly reflect the depreciation rate of each province ( municipality) , and capital
stock calculated from the national depreciation rate will deviate from the real capital stock of provinces ( municipalities) .
The value of 1990—2015 provincial ( municipal) capital stock calculated based on the initial capital stock, investment,
and estimated variable depreciation rates using our method falls among the capital stock values calculated in the literature.
This shows that the estimated depreciation rates of provinces ( municipalities) and the calculated capital stock values in this
paper are effective and reliable.

We construct a mathematical model of the capital depreciation rate, growth rate, and capital embodied technological
progress, and we adopt the AK production function, which is favorable for estimating capital depreciation rates. To analyze
the relationship between the depreciation rate, technological progress, and economic growth, we must further improve the
production function.

Keywords: Variable Capital Depreciation Rate; Iterative Estimation; Capital Embodied Technological Progress; Economic
Depreciation
JEL Classification: C14, E22, 030
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