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SR W ELA ARRLE | O Fi I DG T 35 R A B 5 o 22 [ L gt B8 1 T L AR R 0 AR SO 6 il A7 Ak
S LA 5 AL 2 PR R BIL A A B8 S AR AS 2 B AR L e AN B i AR B AR &, Horp, 7l 25 4 A
ALPEARAE 7= M 2548 5 BRACFE B TL) A7 b 2548 2 G AL 48 B (TS) TEREAS 0T A 1) 5 K 3 A 56 22 8000 B8, 4
IR TL A1 TS BRI , JASREA 22 B (A HL a8 At i AL AR A B ARA S (14) 31645 1V, R IV, T
A, BT R R AN s .

- ijt ijt Yi/
TL, = Vi ln(yj/ ) (15)
j=1 Yit lijt Lit
Yit 3
TS, = — (16)
Yit,2

b, TL, S5 6 BB IRIBHL, vy, o j PR, v, A7 BRI, 1, S j 75k Aol A
SRR, L, AP SUBEL, TS, 5 e A8 EL, Y, 5 Y, 23 IFRIRER =PRI S — I
KL=

WG TL AN TS Fab5 , R FH RN OC 2 B0, T BE AR 2 DoA™ b 25 K (R AR AL | AR A5 45 2 B IR AL 2 A 8K
PR i JF PRt T R i

IVy 45 =In Roboty ™ + 1 (17)
, Empy,

Hor, 1vy, o RTHASR FhRs 3R TRAS Sl TL fl TS BAUPEIERCAR IE 3RS . Robot, " F/R5
FEARZ TR TL F1 TS FARUE R A TR BIPLE AR A 1, HAR AR B R4 35 SCiSC—3

3. A

AR PR A, — AT RR TR REAS & 45 5 A EbR: (1) AJITBEA (He) , NJTBEAE PWT
HHIBEA R b, 2T 07 sh B 2 B0 AR RMZCE RN ; (2) ShR BAEESE (FDI) | LIS BB AR A
GDP (8 FUAEINEE 5 (3) 7ML &5 K4 (Structure ) , IS =7 MV 558 7 My (B 2 FEARCIN BE 5 (4) “FLIBC R0 JE it 3¢ it
(Internet) , AT 70 NELIGE P30 BE 5 (5) 48355 A JRAK Y- (Inprgdp ) , A8 525 N34 GDP 14X B0 2
TRAT L BRI AR A 3 MR : (1) A AR E] (Inweekwork ) , L 53 T8 AR ] B LA 61 TSN £
THRAFEIER TAER ], —4FLL 52 J8 T, A3 208 ARSI, SO0 Eb 38 5 (2) 77 B (Insize) , LAPIS AT
b BB ; (3) WA E (Incapital) , LG ATl S 8 A 77 BB 1

R R TR RS TR,

x1 TERBRURITER

45 2 1 BEFE A B AR A i I FEA R ¥ B/AME KA
EZ30 S N=Y) Inctfp EEEA R K E PWT 10. 01, w4 1560 -0.3461 -1.3455 0.3958
VAR_cifp =Rk EEFERAIE N, U 1560 0.2347 0.0002 0.9828

(13) 2
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F1(£)
B 2 AR AT AR AL TR AR i 7 12 HAR  WE  BME RKRE
Exposure Bl s AR H] g ARG o8, Ik 1560 -3.0460-13.450 1 2.783 3
(14) Mg

He DAL EN kA PWT 10.01 1 560 2.9412 1.408 1 4.3516
FDI S BB SN E R R RA G ENAERE 1560 3.998 8 —5.680 6 46.348 5

SMA LI X5
Structure e o AT s s d 1560 2.1839 0 6.505 0
Internet LN IQLIE- R g T E NEIRM SR 1560 41.7146 0 99.598 9
Inprgdp 2T R IR NI SR B A A 7 S X4 1 560 8.9982 0.429 3 14.069 1
Ak )Z i LP SRR LP EiHE 8610  3.0484 -6.0345 5.6317
VAR_LP HE RS 1Ml 4 B2 A 7 AR A I 1S 8610  0.1694 0.0001 3.0935
Exposure HLas AR H Tl LEs AR A % 8610 -1.4620 -9.0561 5.3307
Inweekwork Ji TAERT ] AT MV -3 J T A B[] e K 8 610 3.5963 3.2111 3.9110
Insize A5\ R (ERIASSAR EROE 8610  9.3634 2.7467 13.796 9
Incapital PR Tl NI BEA X5 8610  4.7035 1.3025 7.4249

i SRS R 5B

FEAS S Rl v P i B St 43 1) Oy 4 B 38 A 7 SRR AE 77 3R A AR B, A% O i R 72 1 R BIL AR L
FH7KAF o AR =35 B PR OC 2R | A SR FH P I JR& SIS AT, 43 SRT Iy 28 5 A —4F- 3 48 B 114 T Al
04 (IFR 5 PWT 10. 01 $idfs ZEVEACAT 3 ) FHZ BHAAR A7l ~ 400y 4E B2 1) T AR EE (IFR 5 WIOD 2016 %548
VERECARE) I P EECE I R SCUE A5 R % B8 4 0 iE B AR 14, IF A B Ak 1T 25 R g g . AR Skl
PR AE U SR | T A O i B S I BE A Ay 3K A T AR A A 0 38 A P B B e /N 3R (2SS ) i
fiffe P9 A A ) A

(—)EH&ET

&2 WAl T EE DA MRS ES R o 3 (1) —51 (3) I T2 BF AR A0y 4 B i T A A , 0  THLAS A
N7 S0 A B3R 7 R A P R AR A THEE S o 8 (1) SUIMAFE Gl AR &, Lgs AR A Al T+ R EE 1% 1Y
KT R FEMIE RIS AN eI T 2R A PRI K TEIERA b 21 (2) 51 A G T ECRIAR £y [ 22 5K
N AL A Al T RERAR B HIE . 91 (3) e LA A 52 0 28 55 AR [R] AR 7 2504k i A 1145
FEIMAFE A s AN E 8OV e , AL A A Ak T 2R 5 m]ARE 35 5 1, SR BT & AR IR 5 2 B A4 a) A
FERAME . G (4)—F1(6) FeTF LR A7 b~ 4500 2 B2 16 TRARCERCHE , JB A 1 T AL AN G 4 B3 A =
RFA TR R Al AR 58 (1) —51 (3) FA—F,

IR EE SRR AL AN AR & T 2B A & WS A TR B A = R b B i, e
T 2 Wl NFARTF RS L THAR R SF 2 15, A T 2577 R ET 0T ML 1) Z TR FE X IR AR B iR 4 T 22,
HE— PRI R R A - R X — 25 A EUE T R SC R A RRIE 52 R Aok, 2Bk F AT RN 2B R
Az e AR A AL A ka3 T HLES N SR EOR BT R K, 2 AR Sl flka #4) — R B2 ) i
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®2 BAEMOPER

- LR YEE L TRAT SR B 4
(1) (2) (3) (4) (5) (6)

Exposure 0.0233"™ 0.005 9™ 0.005 4™ 0.023 0™ 0.009 9™ 0.005 9™
(0.002 5) (0.002 3) (0.001 6) (0.002 7) (0.003 2) (0.0009)
LT RAEAE P 1 il Etil Pl il Eatil
Fil e il il £t
Aol i 5 5 Al il £t
LR E R ApE il il A gl £l £t
A {53 [ FE AL ApE i il A i i
R 0.303 4 0.8929 0.715 1 0.468 5 0. 644 4 0.423 8
FEA 1 560 1560 1 560 8 610 8 610 8 610

(1) —3(3) , PSR B N B R AR 5 — Pl B AR 8 2R 7 R b 1 (4) —F1 (6) ML, = " A3 il
7R 1% 5% 10% 1 8 E K, () IR AR ER IR, 5 R,

(=) HAEMERRE

5 i it T 2 A L Ay DR) SR 0 A A P ) R, A SR A 28 A ) 7 M 2 W AR, DR i T L AR R
F 2SS Ty dfhiTh . % 3 e T 2SLS BEBUAG AR . Hh g (1) Fig) (4) e 15— B Beny Al k2
RO, THASRE AT RBIITE 1% 09K F E 0 IE, RV P BR I 25 AL, F Tl ALEs A%
LR LA B A9 IEAH G, Kleibergen-Paap rk LM 4111 A1 Kleibergen-Paap rk Wald F 8¢t 438 i I 7
(A, RUAAAAE T HAS S U R s TR ), e | T RS PRy & BE . 91 (2) FF(5) 5
(3) FIF1(6) 43l 1 2R 2SLS AR HLAF AL HIFE M 4228 28 A 7 o A 72 3R AR Ak T 5 R . o
RO R L B A TE R B W3O IE R IPLAS AN IR & 1 REAR TR A 2 B 3 A 7 & (H gl 1 28
AR A 7= 380304k

£R3 2SLSHit&ER

- AR e BE GRARAT 4y e BE
(1) (2) (3) (4) (5) (6)
Exposure 0.035 8 0.020 7 0.083 4 0.004 3
(0. 006 8) (0.004 8) (0.007 2) (0.001 8)
Vs 0.337 2" 0.252 5™
(0.0252) (0.0112)
WV 0.238 1™
(0.012 6)
G i ] ] ) ) ]

O Joik s T RAR B M fE AR~ AR T SR 1V, TRASE TR TR ATl 4RGeS b SR 1V, F01V, XU BASHE
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R3(£)
- G IR U GV ATl 407

(1) (2) (3) (4) (5) (6)

Frl e il il il

Al [ 7 et il il

G AR S R il il Pl 2 il il il
A3 [ FE AL et el et P i il

R 0.875 1 0.882 2 0.716 3 0.770 3 0.626 4 0.428 8

HEARE 1 560 1 560 1 560 8 610 8 610 8 610
Kleibergen-Paap tk LM 116.373 0 116.373 0 865.237 0 865.237 0
[0.000 0] [0.000 0] [0.000 0] [0.000 0]

Kleibergen-Paap rk Wald F 179.202 0 179.202 0 642.211 0 642.211 0
{16.380 0} {16.380 0} {16.380 0} {16.380 0}

A1) FF(4) 53508 4B 2 A P2 R AL P2 R AL A A5 — B BE A 25 5, 31 (2) —51 (3) B (5)—31 (6) 43 B R B ATAY SR — B B [0
SLIPBUEN PAE, | | PIERMER Stock-Yogo S5HHININIGIRTE 10% 09 & K- R A FHE, J5 R 1F

(=) REEnm

LB O i R B BE R AR
FEFEIE N rp A SOR FIALAS AN ORAT BN BEALAS A K o (B AT SCHRIE MALAS A 222 ft B2 I 32
HLER AR HIZKCE 27 Dk AR SCRUIE HLES AR K- (00 B2 S Ll*ﬂ%%ktc%i%ﬁﬂ%%)\%ﬁi ]
WL N LB AR AR (Exposure_Install) , BEATRRMEVERR R . 3R 4 05 TR iz O i B
FhTFEER A TE R AT 5 A 2 M S B [l ) — 30 B0 R T AR SCES B RIRR A E

x4 REMREEEHER LERZOERETE

- SR U GV R~ A T~ 407 Y P
(1) (2) (3) (4)

Exposure_Install 0.009 9 *** 0.003 2°* 0.019 2 0.006 3 ***
(0.002 6) (0.001 9) (0.003 2) (0.000 9)
ZYARHIE Eil gt Eil Eil
A1 RRAE £l ]
A3l 3 R il ]
ZEUR I E R4 il £t £l ]
A3 1 5 RO il il il il
ra 0.893 6 0.713 6 0. 645 2 0.423 5
FEA G 1 560 1560 8 610 8 610

T (1) FB (3) e AL d oy B AL 3R 51 (2) AF (4) B RS B N 2 7 oAk

2. U R
SEERA B MLas AN ISR i T ARAR R PRI A 5 A 7 (B R 1 2 PR AR 7 A oAk, T
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SCEE LAY SIS T DU FEAL g AN 4 R AR P AN X R i A AR P R A B R AR P R A e A
FHEER, BRI P ER PR A7 Aol .y AR R P2 PR R, AR SCHE S 508l b o0 R el R 4D
High, FFEAR 2800 SR 0 4 2O A2 77 08 T 2 fBAE AR 2 BE IR B ME, i N High, 100, = 1, T WIC A
High, g0, = 05 A REAS TV LI 1 2 B A A0 T i REAR LB R T ZA TV ISR, 3T High, =1, 7500
ICH High; oy =00 HF Exposure 5 High B)ZEHIFIANITRERY SR ARG (Chow test) J7V5 , KB AL % AL
PRI TR] 2855 A 4 BER A 77 BB R R R AR 22 5

5 el TIREEUNSRIE S A THEER . A1 (1) —F1(4) 3T S T AR RS , He e 1AL AN &
HAZH IO A B R A 7 A A BRI S EIRATE R B W IE TSR R, SR
FREE AR EE  HLAR AL 1 A7 AR G B A 8 A 77 34 T M 2 B8R, {0l g A 7™ 3R 2 DR R B Rt i 5 24
PR, e 2D IR T A G R A E O PR S IS A SEUESS SR FE IR 1 R v ] 9 258 Y AR
fatk,

®S5 REERKEDITER I EEIRR R

- LRy U GTRAR~F Tl ARy U
(1) (2) (3) (4)
Exposure -0.005 1™ 0.001 0 -0.004 2 0.000 3
(0.002 6) (0.002 5) (0.005 0) (0.001 1)
Exposure % High 0.012 5™ 0.013 4™ 0.0117" 0.006 2™
(0.003 6) (0.003 5) (0.006 1) (0.001 4)
BT il P il il Eetiil
TV FFAE F: et
Aol 58 R il Sl
LR B R i i i ]
AR S A i i il £l
R 0.9159 0.7315 0.733 2 0.726 6
FEA 1 560 1560 8 610 8 610

TE B0 (1) FF (3) B ReAR G B R AR, 51 (2) FIF (4) B AR 4y e 7 400k

AN DU BRI TE o

(—) A AL

ST LA NBORTEAR R LAl 1 55 30 0 01 7, 33 i 3 R A 7 MU AR AR TN S ML il 52
Ml SR T LA AR T AR TAE 5 1, HLE N A ROR 3, IR DL 4 A 1 AR 3 1 A 7
IR, 2 FERUY KON A AR I, Al MU sk M B 1 A QB3R R ) 2B 7= SR K Pl RE S 852k
PRGNS . T W, A SRS SIS 8l A RASONE B R S 4 A A B i e O, A TS
o, 1 3 RIE] 4 S BRGSO SR I A 7 AR BT R A BIL AR A K B g 51 A B A0l AR R R
Ko Kk — MG HISHERIAS G AL AL AT REXT g 2R 7= 3R 28 T A Az B8 1y sl ol 5 A QSR 3 i
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PR GFERE] A F 22 0 BV 7 200k, W IRUEIX — L], A SCHEAT R8O i AE Ul e L, i 5%
S AN o £ 7 AR 28 AR AR 7 AR 28 5 A sl A ABOR 2 A A7 8 22 S 5 LR o T A b 5 A5
SRRt A B AR PRI f TR AR s i 2 G AR ] A= 7= R

S ARG R AR A SO T I AR R, T LR Rl 5 AR B Ry BRI EE A XA F

Emp,,.,
RE, =1n Eff:p,,, (18)

Horb, RE;, 3R i 8000 j ATl o 45 Bl 2 AR 50 AR, Aol B AR A R BE RV Emp
Emp,, SR ¢ — 1AERES ¢ 4§ G50 j AT sl N L,

6 it TP CHL A A T4 5 . e 50 (1) RS2 EL U R SRUBIAIL e A FS 2 18] Ay gl
BAIRBOE AP R 225 . SRR, AR HUAR AR 7 AR G L AR X g 2 77 AR 2 5 AR g sl 4 Q
RO HESE o A1 (2) K sl B AR BORIHIL e A AE S [R] I 2 ARETRY | S50 X 2 B3 A P AR 5, 45
R 0O AR B AT R BORE N IR Bk 1 R SCEIe AT RS R R HLAR N S T A E R A
Ao FN(3) RACHIFRERY P50 0l B A CFR B0 2 18] A= 7= AR AR AP AR WA 22 57, S5 RK W], RE 5
High ZZ HIR AT R BOR N IE . IR , Il B A RN e A 7 R 2 TR A B A 7 R A 4R THE T
Ko kG Al vl REAFAE ) A A PRI, 51 (4) —51 (6) SR 2SS kit 05 i:© WP ARYHE R Al i, A4S
REH(1)—31(3) AT, Joilk T ASCE e

x6 HHEAWMEMEALER LU BERBNHES

e OLS fiit 2SLS it
Ea
(1) (2) (3) (4) (5) (6)
Exposure_Install -0.006 4™ 0.020 9 0.0031° -0.015 6™ 0.102 3™ -0.001 7
(0.001 4) (0.003 4) (0.001 8) (0.004 6) (0.014 2) (0.006 0)
Exposure_Install x High 0.004 8™ -0. 000 4 0.012 4™ 0.004 8
(0.001 8) (0.002 3) (0.006 3) (0.008 2)
RE 0.228 1™ -0.130 5™ 0.277 7 -0.132 6™
(0.109 1) (0.018 3) (0.109 1) (0.018 3)
RE X High 0.125 1™ 0.126 0™
(0.030 7) (0.030 7)
ZUARFIE il il il il il il
TR il i i i i i

@ H3(18) A, RE, = InEmp;; ,_, — InEmp;; , (M2EME, S LN REAS AR TE AR . PRI, A SORAZ O i B R O HL G N 2 4
B Exposure_Install ,ZFEFRRIGHLET N AT BEZEH M BE | REAS S WP AR AT ML A8 % BE AR AR B0, 5 0 A R A8 B A HR bR 25 A DL BE s v . I
FL A g A 50 1T 20, MLAR N ZE %5 BE ( Exposure_Install) LA AL ( Exposure) X 4 BEZ A = B T A 7= A AL B2 W AR i 25 57, Bk — ¢
R0t 3% 6 hIHABF (Al T2 = R S

@ AR AR KR 5 A TE 38 IS AY | S V/F A AR i 7 A 22 IR AR A T R B2E 5 OF FLAE A rh g AR bR iz iR, SRV IR 25 TUAE AL
SITE,

® 7E 2SLS [, Exposure_Install B T ELAF B35 #5775 5 1 3C Exposure (1) T B AR B £ 7E — 3, 0 0E R Wigs M 1V, o F1(4)—
B1(6) R IVpgg TEASREMATIIE, ASCWZEBRA Vg M IV, WTEASE IR 50 T BB E ARG S
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F<6(4%)
- OLS {3t 2SLS fitt
(1) (2) (3) (4) (5) (6)
3l [ 72 AR P2 il Etil! il i il il
G AR S R il il il il il il
{3y [ B AR 2 il il il £t il Pl
R 0.126 5 0. 646 1 0.5329 0.1253 0.629 5 0.5325
AR 8 036 8 036 8 036 8 036 8 036 8 036
Kleibergen-Paap rk LM 400. 371 0 329.156 0 329.156 0
[0.000 0] [0.000 0] [0.000 0]
Kleibergen-Paap tk Wald F 414.894 0 340.789 0 340.789 0
116.380 0} {16.380 0} 116.380 0}

TE B0 (1) FF (4) PR i S altl B AR 2, 510 (2) FIB (5) B R AR 1ty A3 A 77 % 3 (3) FIB (6) WA R 4 A 2B 7= R 4k

LRI BRI A R A BAT s AL AR N A A T SR A ol B ARRON, T BL A
e N7 R RE S Al HE 42 B3R AR 7 ARG I R, AL AR HT 5 | R 4 22 B AR 1] 22 S A 0 gl ol 5 AR 3K
IO, o R B A R A R AR AR AL T E A AR R AR R, AL R ] RE 88 0 e A
7 AR T A T B0 M R ABONE DTN e 2 5 AR 18] AR 7 R A, SEUESE R B IE T OF ST R H
1 H2,

(=) Pk ZE L)

STy HLAR AN IR 4 B3 A 7= R AR R, AL S HLE T RATAE 55 B9 L ARG
PV EE R A S BLAR AT AT AT 55 HO B g F) A7 oMb T ol 5 A, IR 0 ko e T R A 7 R 4 T R A L
o HISCIA S SRR LR S SR I AR AL N 2 e i LA T L p m AR  R A GRS A ] A
REALH AT LA, o A 7 AR B 77 b 45 K RT E 55 BIL s A B DT E B8 B vy, 5k = BOHL A A R
TATHRIN A AR R RN 28 5 PR 18] 7 Ml 45 4 25 3 0 AR 7 AR AR R S MR, AR SC LA 3l 48 23 A T
b BIALAS N 22 3 A o i 3 e e B A 3 U A R 0 R R AR 2 TR IR 147 Ml 45 4 5 B N BOR 1Y DC T 7
B, AR AT

n

Z rob; , - 0002014 x €MP ;.1 =2000 (19)

S”uz,nzooo = b
=1 \T00, - 50002014 emp; ;= 2000

Horv, Stru, g FoRHEM] | TR L E5H S LA NTORAVERCREBE I AE MUK, FORAE @ 22351

b; . —000—2014 . - P 3} Ly = =] > =
Pl A G A T AT A, T =200 e 0002014 4F j A7l LS A 222255 5t s el L B8 4

70b, _ 50002014

T B LA, B | R PR 2Bk T AL A, 20 e s et ATl A @ 2R

emp; , - 2000
AT M A AR L A
7 e T AL ARG TR . P B (1) =81 (3) R A8 BB 4ty T AL ds AR 52 0 42
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BER A AR P ZE R AL B (Serw) WA AF VAR, BRI, 50 (1) i 7 HLES AL B 5 7l 45
A B S ELIFORA T R T 42 BB AR AR AR, S B IRl T RO E VIR B (2) R W R R o 22
PPR B 2R A R S E AT R BRI R 2 0 IE . XRRE "L A R R R 1 R AR, 7l
S5 S HL AR AHOR AV FCRR LB R, HLAs AL X IR 28 U IR 4 B3R A P AR A S IR R, 51 (3) e dty 1L &%
B FH B 72l 2R ) A8 LI A 7= R AR R 2 IR, S8 LIRS Al it R BRI AR O IE , B0 1 4518 iR et
hy G R T AT REAT AR A9 AR PR DT, 51 (4) —311 (6) SR 2SLS Tk M B B it , Al 45 R 5810 (1) —
G (3) FeA—F, FRR G T 7\ S5 HLE R A A

ARG AE R, WL g A XS A 57 3R R W 5 i 2 PR S5 R A 5% S R RO Bl % 22 1R
5 S HL R AR BIICRCEE EIH 4 e, 5 2, SR A THRM L, w2 7 SR PR 7 45
o B 5 R LA N DA T AR 7206 3l X 02 5 1 R G U AR ) A= 7 32 Ak i B AL, P58 MIis H3 1 H4
FFEIHIE,

x7 NHEHSWEEER 0.~ LERHER

OLS fliit 2SLS i3t
ARt
(1) (2) (3) (4) (5) (6)
Exposure -0.027 5 -0.018 0 -0.001 5 -0.053 6 -0.031 5™ -0.016 3
(0.0199) (0.002 6) (0.006 0) (0.060 6) (0.008 1) (0.013 3)
Exposure X Stru 0.5422° 0.303 3™ 0.105 3 2.730 8™ 0.604 5 0.3151°"
(0.297 2) (0.036 8) (0.084 2) (0.854 6) (0.114 1) (0.193 2)
G U ARFAE £t £l il gl ] ]
Fid AR £t £l il Eeyil ] ]
A7l 1 808 Eitil Eil Eil i P il
28 S UNFAAEE Y OA £t £l il £l ] ]
A T AR £t £l il eyl ] ]
R 0. 647 6 0.960 0 0.434 3 0.655 3 0.960 3 0.4323
HEARE 8 610 8 610 8 610 8 610 8 610 8 610
Kleibergen-Paap tk LM 666. 180 0 666. 180 0 865.237 0
[0.000 0] [0.000 0] [0.000 0]
Kleibergen-Paap tk Wald F 734.354 0 734.354 0 642.211 0
{16.380 0} {16.380 0} {16.380 0}

A1) —F1(3) , BTG g A B e B A P2 R S5 — B Bl s Ay AE = R Ak B (4) —51 (6) SR BUIRIE , %1 (4) FIF(5) 2%
1V THAS R 51(6) K IV, 11V, TRAR:,

(=) RS
L AT S koA
AT I HLAS N Gt 22 S R FOR BURCHL AR AR ], R, WL AR TR A 77 23 53 A ) 52 0
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REAFAEA TS ool . R AL S5 P il ML 1 A i Bl R SOHUBROR 2 B o 3 ol 55
14 A HE AT, 3R 8 e T A THEE R, rTRAFE B, BR 1 AR A R ol R B 24 il g ol
HLAF ABLHIHES) T HARA AL A7 Rk

LR IR SR LA AL 5 A A 2R 7 A A AR 2% Ml i sl 20 2347 Ml P i A7 7, gk A Tl
HLES N T AIATAT 5 5, AN — 58 A phe 1 B 52 DA K 57 Bl i B i SR ) AT 55 20 A Al iy
SRHEARLFN LRI, 25 i SCR B SR ST R AR R A TR S AR P R A PR
HLE AR K 22 S AW IR, 3 Bk — B R R T W0 2 28 oA 1 ) el e A 7 0% i 22 50 AN 30
PRI, NI, Bl 22 DA A 7 A o AR BN, AR A= 7 A 22 B AR IR o B 4 XUBS: th it — 20 i v,
2 5 RRT A AR R B mE ok

x8 REMSWEEER LRTILSA

Ar i (1) (2) (3) (4) (5) (6) (7)
Exposure 0.004 4™ 0.005 3™ 0.004 6™ -0.002 2 0.004 4™ 0.005 8 0.002 2"
(0.001 4) (0.001 3) (0.001 1) (0.0013)  (0.0010) (0.001 4) (0.001 1)
LPFAFSE i i i £t il ] £l
FrlbAEAE Eiil il £t 5 £t et et
25T A 1 A £t Eak] £t 1 et £t 12 1l
AR 5B U P il P il P il F5: et 5 Eadlil
R 0.894 8 0.854 8 0.956 0 0.840 0 0.953 5 0.887 5 0.927 9
AR 615 615 615 615 615 615 615
At (8) (9) (10) (11) (12) (13) (14)
Exposure 0.005 3 -0.000 3 0.004 8 0.009 1** 0.006 6 0.003 1" 0.004 8™
(0.002 1) (0.0093)  (0.0020) (0.002 5) (0.002 3) (0.001 8) (0.002 3)
ZE TR IRHE P il et £t £t et £t 2 1l
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Robot Application and Total Factor Productivity
—Empirical Evidence from Global Productivity Divergence
WANG Yongzhong', LIU Dongsheng’

(1. Chinese Academy of Social Sciences, Beijing 100732;

2. University of Chinese Academy of Social Sciences, Beijing 102488 )

Abstract: With the in-depth advancement of a new wave of scientific and technological revolution, the modern
production mode with industrial robots as its core carrier is becoming a key force in reshaping the global competitive
pattern. However, the distribution of new technologies across economies is unbalanced. If developed economies with high
productivity reap greater benefits from technological changes, they will inevitably widen their gap with low-productivity
economies and weaken the latter’ s ability to participate in the international division of labor. This not only harms the
benefits of low-productivity economies but also has an important impact on the trend of the scientific and technological
competition game pattern of great powers. Therefore, understanding the characteristics and development trends of
intelligent technologies such as robots and analyzing their potential effects on total factor productivity (TFP) and
productivity divergence among economies are of important theoretical and practical significance.

Using the International Federation of Robotics, PWT 10. 01 and WIOD 2016 databases to match data for 60
economies from 1994 to 2019 and for 14 manufacturing subsectors for 41 economies from 2000 to 2014, this paper
explores the impact and mechanism of robot application on TFP and productivity divergence from theoretical and
empirical levels. The theoretical model shows that robot applications have a positive impact on productivity, and
machine substitution is an important channel for improving TFP. The empirical analysis finds that robot applications
can increase the productivity of all economies but exacerbate productivity divergence among economies. Mechanism
analysis reveals that the industrial structure and robotic technology of high-productivity economies exhibit a higher
degree of compatibility, the employment substitution effects formed are stronger, and thus robot applications have a
greater impact on enhancing productivity in these economies. Heterogeneity analysis shows that the high level of
robot applications in high-productivity economies exacerbates global productivity divergence. However, a few low-
productivity economies with suitable industrial structures and favorable policy environments can partially narrow the
productivity gap between them and high-productivity economies by increasing their robot applications.

This paper has some policy suggestions. First, it should strengthen international cooperation with developed
economies in intelligent technologies, thereby reducing the technological gap and promoting continued productivity
growth in China. Second, it should introduce targeted policies to guide the rational application of intelligent technologies
and balance productivity growth with employment stability to avoid triggering the risk of unemployment. Third,
considering the impact of new technologies varies across industries, the Chinese government should actively adjust the
domestic industrial structure to enhance the adaptability of industries to intelligent technologies such as robots and
promote the collaborative development of domestic industrial upgrading and intelligent technology applications.

Keywords: robot application; total factor productivity; productivity divergence; industrial structure;

employment substitution effect
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