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AR5 T A T FLAS AR 2 BE X 2000—2005 4F- 25 387 il 1ol t 1 H AR B2 2 BE AT IRIHD AR 4 22 Jt 7
R 2 218 n] LU B, T ol Alds A AT RECE S /N BAEG T AN W3 R 0/ i 0 7= i BOR
A Bl 5 BB B T HLES AR I JCC B P T A SCRFFE 4538 1 ] S

2. Bl i s

R T kG RSSO TR 7 R AR A% B T i | AR SCaE— 25 SR FH DL R 1 R
B AR B AR

S bRUE BRI 2 e hn . BT SCOR FH A bR vk D0 350 0% 7= S B R 52 2 BE R A vl RE A7 A6 7
BEARAFNE P Sh A/ IME AR 52 24 8 PN AU 1 RS T I AR AR A KR 07 o A 1 BRIE 7= i B AR R AE
s AeE M, 1 Je Xt (4) TR OB E S 7= S BOR &2 2% BE HEAT 25 2R MEAL AL . prody)” = (prody;” -
prody )/ (prody,t — prody:d) o prody;" AL i HOR AL A FE =, BB E N[ 0,100] . #F—
A FNHZ(S) MISE A5 3k T ARR it B AR B 24 B expyy” o

W TR ENE R R . B TARAE AR AR I A Y D R R 2k B e AR S E R A A K

@ ASCHAERNH P AEA I S 2006—2016 4, {H i —F v 1 G B0 22 AU B 2000—2016 44k itk H 15152 5 Bt , PR e AR SCAL BB 5
2000—2016 43 i il il Hh T EE ARG 420, BT LA, 7R 2 A 3635 43, A SR A 2006—2011 4545 3 1 19 Tl HL# AR % 8 X5 2000—2005
AEAC IR Bl R AR AT R
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UG, 45 5 B0E T4 iy & B O R FTA 7= R E 47 0 E R ST, SR 2 Rk R X
(Hausmann & Hidalgo,2010) 7ERE 1 B8 (9 FE Rl T2 S5 77 7 RE B8 A v A a0 5 oy O ARERED, B
AT

1
m D, DRCA, x M, \;M,, =, DRCA,(DRCA, = 1,41 RCA, = 1) (6)
c,0

1
M, =
M

k0

Horp n FORIERUEL RCA,, R ¢ B0 k0 D8 o B OB LLEE s DRCA,, AR A8 & 47
¢ E= 8 kB RCA=1, DRCA, WUE R 1, WH 0; M, , Fom ¢ B RCA=1 (0 B WG, M, ) 320577 i
ki RCA=1 By 5808 s S B U 15 3 [F K2 T B 2 0r S 2 FE M, FI7™ b 23 T Y 28 355 0 2%
M, . M, Bk, =SRG2 AR, ASCH =10 Fl n=16, [FII$ 76 F B, R M, , 15500 i

Mr,rL =

> DRCA, xM,,  ;M,, =2 DRCA,(DRCA, =1,1% RCA, = 1) (7)

PR AR 2 IR LR S IR £ JE 45 ( Maggioni et al.,2016) [31) Y AIF 5 X6 LR A7 bR E Ak b B 0
B R AR R ZE prody " A prody ', FcJa , FIFHZR(S) M T O BAR 2 2B expy @
F expy‘;fd'mo

4L expyl cexpyi®"® VAT expy ' Ryl i B AR B ARG TTA5 R TR HLER LAY R 80 5 IE 7
ISR TT T ML g8 A A T 24 M il b B 0 7= S P-4, UE A T AR SR O 2538 I R i e

3. BRI O R A

2 RSB A FH Xl 325 Ml 7™ 5t J0 ek ) 5 T P BB AEAE — S I BRHE 1 I Ak SR AR i — 91 0 3 7 Tl WL
8B B lag_lnrobots VE A EACHE bR TR MEMEAG SR . DEAT , FE v 0] )3 Hh A SR FMLAS AT 2 50 AL
HESRTTHIL AR AR FH 5 B AR SCHE—25 R ML L2 N %2 25 15t 0 8 S Tl Tl AL L FH 285 B, A
fRFEFR InDrobots, A 3CAH H lag_lnrobots Fl InDrobots 5 83T Tl Mg AR K-, BIJHE5 5 SR 78 B e
SRTTHLER AR FH I BE R AR AT R BSRAE 1% 7K 1 58 3 R 0E , AT T HLES AN F 4 3h T 3
T 0 o — S5 R R

4. B BRIk Al

2009 4, B 45 KR R AMBCEZE 51 2 | Tk Fi s BAL T A S BB A & T O PR R FVR 4
it VRS R R SR R DL Y, BB < KO SRR D, R LA A R AT AR [ 32 R
AR s O 3aR Al B SR BIRTRE T, IR S5 H IR 0 B ARG AR AR B R O S SR
AR AT, SR R4 i D RRE R R R VR R R BOR R T VR AT A AL
TNAEE ' EARSCREAR I N PR L WL AR AT 2 7 e Ml 35 T T A e 1Y) EE A Y K
A2 B TR BN 2006 4E( 3. 23% b THZE 2016 4E14 20. 47% , A, AR SCRBRIR 4R L T d R T
TP BLER AR FH B IS 25 R o, ROARS o il 2 358 1T LA AR FH o B R 7R 2 e b, 3ok Tl Tl
B AL F R 24 b 8l 1 B A B 2% B S M T S 35 R 1

B, 22 B FIRE A P A 11 U5 55 SR T BE A2 2048 003 )2 T I et ) 25 Fh 1 AR T LI P 28 178 T4, e SR AR T
FSERS b A SCE— I T 0 xS () [ G 58, 1T AR H, 3T Tl MLas AR FH A 1T R B0 3 M IE
ARSI EE MR N
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x4 REUERE

b e
A5Gk LRFIE  epyy’ expyy®!? expyy®™'®  lag_lnrobots  InDrobots iﬁfﬁf Eﬂ%‘iﬁg
BN
Inrobots 0.035 2.274™ 0.137 0. 136 *** 0. 144 ***
(0.060)  (0.714) (0.041) (0.039) (0.046)
lag_Inrobots 0. 139 ***
(0.044)
InDrobots 0. 135
(0.051)
Inrobots_exclude 0.134™
(0.049)
P AL kil il ] il il Pl ikl kil
A I ] [ S50 Sl ARFEH AR FEH EScil KA KA Sl ]
IR i AR bl il Etil gt bl il il P
R TE] 3] S50 i Eitil Etil gt bl gt ] i
HEAR 1 605 2 970 2970 2970 2 970 2 970 2970 2 970
R? 0. 694 0. 826 0.922 0.918 0.734 0.735 0.733 0.798

(M) B

ST, R D A FR A A TR H A o™ T, 7R S 5T ML WL LG A [+ S A% 2 3l o 3 ol 1
H TR AT S B ARSI S5 07 X WIRH A K DL A S AR B =05 T 546 1 30T Tl
BLAF AL i 22 A

1 AR5 5 7 3K

B SOOIl T ) 3 Ml Y 10 TR0 23 A eFeofg [ — 3t DX P 9 B A Al 40 A () J5 , 9 T A [ 3 DX P 3 1 il
T RE PR A AN [ 4 ) AR CTE AR 7 RO ™ Bt 25 b 52 BN () (9 426, D TTT 5 B ML AR X o 32
FHAR SR IR BE 520 0] BETE [R]— b DX N SR AN R 52 2 B ol B AP 7E B8 22 5 . R X — wid, A SCA
FHICHT T AL AR P 8 B 20 %ot — JBE 52 2 RO T 52 5y th TR B 2R BE AT Bl IH . 36 5 SRR Blds A
T 3 ARt 1IN 5 5 VAR S 2R BE AR T X — BB o) Hh MR S R R e et BB
o 3 S R T R A T AL RS A A 5 ) A B A X B 57 3 0 AR TN T3 B Al AR B T
Je 52 2 A M X E BE T OB RE BE S IRk, LA NS 288 5 N T 52 5 Aol 1) 57 80 0 77 A B AR, 5
FOZWARCR oW, iRl WL AR i T LS N Bl e R s R A R R AR, A sh A A e X
— A Gy All IR A RO

2. MR TS 25 5+

S SRR E G SR B 19 FL BRI 3 A S 7 Ml SR, AT 3 A [ ) 2 3R KA A , Al o 7 ol 45 4 T
20 AHNTHY , B T USRI B R A RIAEOR LU st XA T LM AR S P R g 2,
XF I, ASSOR REAS S TR 2000—2005 AR 4430 HY 1 B 52 2% BE 1) -F- S (E A R 00 B AR 7K F 83t Ja) 7
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N AR B AT R E AR P TIE o0 [0 H 3 5 G538, Tk L e A XS 40 46 £ AR ZE At 47
AR 3BR T F78 A 3o S 1T PR B R

3. LR 22 5

FER I IHEDE T A R A e A v, e 25 3t X T S AR Bt B 1 SRR B i 22 A T S A A
R HLIX, 77 B T PRl B S8 B9 TAE B AR, Al AR 7 28 DR T RE 2 2 B BUF Y Z2 1 1, A

SN Al 5 IR E B8RRI A BT, AN T ol v o i R, BRI S B0 VA A, O e, AR SOAR

AN A (2010) 2 Gl 14 45 3 DX T S P B0, IRDRE SR RE AR 25 8301 B 2000—2005 4 1 - (B4 R AR 43
i T AR AR T S AR S PTAIE o e AT [, 36 5 S5 5R Bo LR AR A St 2 2 0t 1 1y 7 fhlt Je 45
PRB T H 1 T

x5 REESW

- GOV EN HARKT TR
55 — RS T AR KT TEH AR o0 T AR ik G AR
Inrobots 0.256 *** 0.017 0.147™ 0.143 ™ 0.186"" 0.017
(0.089) (0.037) (0.068) (0.058) (0.058) (0.069)
P A B il 2 ] il Exiil P2 1 P2 1
IR R il et P EaXiil £t £t
R ) 1 A0 il et Eetiil bt £t gl
KA 2970 2970 1 485 1 485 1782 1188
R 0. 699 0.548 0. 845 0.674 0. 863 0. 688
SEM RS S

(—) AN FXRARF M

AR 2006—2016 4F [ 2822 v [ 285 4 RlECE 2 ( CSMAR ) Hh 9P 8 A JBEl 38 b 7 20 ") Eicdis , A
55 8 S35 R B AR BEAR T TV ML AR AR 2 i olb 53 A RESS M Y2 MR, LA S0l a AR N T BEA R
THRRE , BRI A SOR R e K DL L2 D19 55 3 Ao s B R 57 8l 0, Ko LUR 2 i M AR RE 7 8l 7, 4
b B T HREAE A A Ml = B RE 1 T KIS IR R 51 TABUW HE R R . 3R 6 20l 1 LAl i pe b T
N R RAE ARHERE 57 TR BB LA 51 T REAS MR o B B B A A THA5 2R . 4R R, el
1o FRE ST 80 0 8 R PR BILAE AN T S 35 1 o, AR 8 55 2l g il 32 Bl , DA T AR A 4ol 53 T4 BE K F- 2
BT NI AT S, SR S AL AR A B T 2 Al 51 T A RESNH  RERSIE i A
FIBEASR TSIt TR, BV 2 T

®6 MBI : NN FKREF

Ap Al FAAE Bt T AL Al A RE 5 T A% ik B T AL RESE
Inrobots 0.226* -0.045" 0.083™
(0.097) (0.024) (0.037)
el 2 it il il Pl
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F<6(4%)
AR Al L AR 5 T Al AR B 51 TR Al 5t T H R
IR i O il gt il
] 78 5 800 il il ]
A 6913 6913 6913
R 0.214 0. 152 0. 220

(=) Hrial itk 308

BRI GEARTETIHON A, T ALAS A3 23 At ol v [ Al B 30K 1 5 10 B 22 1) P TRD B A T e B
ZREALRY PRI  F 2t 1 O ROR S 2 B2 AT W WY IR [R50, WA S0 i A, AR SC L HS6 i it ™
st A DA AR AN 3 531 2R PSR T 2 T8 0 v )t < 0 L2 B g 10 o ) et A S VR R i R e, R T 45 2R
TR IR AL AN TR ZR 0 25 O 1E SR BIALAT AN T 35 840 1 24 M Al 2 11 m ) i ) RS A
M, M, ok A2 TFAE S A RA LI (OECD) J 5 J7 (42 11 HR ] iy 5 e AR A 5 e, XAl H 107 i Jo
BERFR TR SIS AR SO v 8] i 1 SR 5 SR 1 BN OECD A 5 05 1 7 vl ) St BLASE [ 01 45
AT RUE s T WL g AR AN 25 02 1 1 24 3 o 32l Al o ) it g RS A S K i e 7 T A
M OECD A% 53 75 3 111 58 o Joi ik 14 v ) 450 A i, T 22 A A g Jo i ) P RIS A it A B8 S5 BB 2 118 11 i T
e, ABBE 3 T,

®7 REUHERLE . hE & O

A i it 32 1 RS i 5 g R % H ok H OECD i 53 7 ¥ Hh [a] ik 1 RASE

Inrobots 0.287 ™ 0.196* 0. 626
(0.109) (0.099) (0.211)
i A8 i il Etil
YTl I T A et il il
R ) 1 2 200 EXiil ekl Etil
HAR 2970 2970 2 970

R? 0. 946 0.919 0.929

(Z)REBREMMN

ST Ml TR B T AT R AR R R A ORI | Al A 22 2 A AR Ak FE
B HT SO A IS T T AL g A FH 38 A 07 G A B 00 0 v ] gt 2 11 2800 A2 T Il s
B2 ok ARSCHE— 25 B R IR BC B A IR T D P A E . Be b IR L PR R 2 B
7 B AR A 2% E R T S 3 o R 0 6 R ] e S Y, AR SR T TR R T A T R R R 2 R A
(2019) " [ IF 5 JEL I S TAG LI T 1 68 ol 8 PR R B R B AR A, (B0 7= i B AR B2 2% 2 A0 A 1Y T R T
F7 S i 23 32 3 21 3 Tl MLas AR AR 2, BRI =0 (4) 115 2005 4R 1EJ5 197 i
AREIRIE prody; s , SR S AR B 2R BE [ 52 16 2005 4F (BEAR T FUWAYHT—4F ) , DABFAEAS T 7 b & 1O
HE AT (B T R A B EAR AR, R 2005 45 7 SR 52 A B HEA T INAAL B, R TTAS B LA 2005 A
W3R T 5l VBRI 2 BEFR R neapy,
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Xy »
nexpy, = Z k(sz) xpr‘)dy/f(,ijzoos (8)

it

% 8 LA nexpy,, FWREAL B [BIH S5 s, Sy TV LAS AN % E RS T R BT 98 3% I A
SO D BSIE AR KA . O T BRI A 5 IO B U5 INC B 2800, AR SR A A S8 PR 3ul vl o sl s 1
TR IR B WA T 70 -

_ ikt itht—1 adj ikt adj tht—1 adj
Anexpyit = 2 ( - ) X Pmdyk,zoos + Z X Pmdﬂ,zoos - Z X PrOdyk,zoos
kek® Xiz XiL -1 ke Koy Lt ke KOt -1
PR 1 [

_ ikt ik adj ikt ik adj ee
= z (X X ) X prody; s + z (X - ) X prody; s +Anexpy’;
keK’ it it—1 kek® -1

- it-1 Ry .
FER T T

It [ o 4 I T P ] A
=Anexpyf:”'”’ + Anexpy::;”'"" +Anexpy’ (9)
IR 0] 3 4 SR PN i ) 4 FE Y T

ARSI LR T3 PR s il ) 1 BORZ AEARBl Anexpy, o0 9 S SLAEFFEE Y 117 ih BE Al L A4 9k
] H A RS Aneapy;" FIRTT A EBAS ) Y E 7 Sl AT 7 RS Aneapyy™ , ARG (e 3 E T 37 B R 16
T Anexpyy FFHEEIRTT TALALAR ABLHIXH A4~ A R0 . TR 8 1] LAFE Hh, i AL e AL 2 )
it BB 5% H97KF L 25O IE TR G s Tl AL e AL A SR B el S 11 520 3 U5 T B U Ik
AN TRLH 77 i 18] 8 DI AP IE B, 90k 1 AR SCAY B 4 JMGE, N3k 8 JIoas Sl T AL AL RS 3k i ]
7 H AR ™ A T R R LRI, X AT RE AR | T 05 sl ) Rk, TP ALAS A A T M DX R AL
AT A2 A T 3t XA Al 55 30 5 SR DR A= 7 RS i 1T T, BT BOR0 5 57 30 0 7 N Y A 7 23R Tl U
el XA R T I X 32 208 55 Bl s R BUAT L, BRI B R G K, 2 100 6645 Tl AL AR 5 | B0 Bt
FECE A T RAA D BRI, W3k 8 B 3l Tl AL A IR Al i+ R BO A B35 | R Ik
ML ALES AR AR H T3 b il BRI T TR R AT R

®8 HMNMHIKE. FEBEEYLN

Il Al AR

Ap i T TR IRTT DA 5 ] 3 Il 1] 37 =TT TS
Inrobots 0.152™ 0.399 * -0.368™ -0.020
(0.063) (0.168) (0.160) (0.028)

P i 25 Pl Ei Pl Pl
IR I E AL P Bl el £l
s i 3 52 28007 et £t el bl
FeAAE 2 959 2959 2 959 2959

R 0. 746 0.306 0.111 0.288

T« 1T DR A B AR A n] RE S SR, i AL R A R IO 4K

AN ARSI AILES N0 2 [ i {14380

B SCRIFSE 2 ST P WL i AR FH XS 22 b o 326 ol 1 AT 3 e PR P 6 T 8 U P
W, FT ST TR A 7 8 DA B ™ it A 77 R B8 DI, Tl AL ke A T 77 A 1 28 B 300 T REAS (L BR 7
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Y P, 3 T BE XS SRUT I T i U FRS E i, ST T AL AN P G AT e 2 % 48 3 3 T A
T Ml S VB AR S 2 B 7 A R S A S )« — D7 T, R S ST R B2 2 T W b R U B ST Tk ML
NS A R 20 7 i 2 7N PR R B %) DA B 4 T, B T A B 4 v &8 T v T 45 A B 4 B
LRIk T 3 G 5 — T A N Tl FLAS N S e B B X IR e 57 3 T AR, S 30
AR EL BB 57 8h S HEA TR e B ) CK S BRI T 5 5 1T 0 57 20 ) B RE 2 A T Ak , BELAS- 48 3T 3k i
3 T BOR 2 BE AT o 3T Tl LA R FE T 08 0 38 o i s 11 B R SR 2% B 4 U RN Bk
T RIS REE G M . ST PR3 RS BT AR 40, AS St — 20 R FH 23 [B) T B AR B TR 25 8 Bl e AL
FH IR A 2 5 M) 408 300 0 T A 3 o S 11 e AR A 2 8 D R 7 A A s e, L B 4 TR+ P A7k T AL g AR X
] il 5 Ml 1 1 TR R
H T I UEX —HEIS , A SO S (AL 2 A AL(SDM) |, J T R E AT .
Inexpy,, =p2N’ w;Inexpy, + X“',B + Oi w X, +w, + A, +&, (10)

Hr w, ﬁél‘ﬂﬂ@ﬁmﬁﬁ%, p IR 3 Ml Dnﬁﬂiﬁ%ﬁérﬁwﬁﬁiﬁ% o] 5 2R K0, X A i AR
RS ELFEAZ O R S T oMl T WL A P 2% B R i A o, 0 Sk A A ek s (R S S el 0 R
B, o, FoRIRTTEERON, A, Fom i ] [E e 2on , Hap s i iy & L5 (1) A7,

TR 9 HIZERAT LU Y, TCie >R PR il 2 [R] A 26 46 [, 2006—2016 4135 113 il Ml 1 1 B AR 52 24 B T
M AL AR 0 4R B 22 FR A0 W 35 R 1E TI 3rT  3  0 BAR 52 2% BE RN TP LA A A AE B S Y
IE I 23 [AIAHOCE DR AR SO e s [ i AR Y HE A7 SEUE 307 o

®9 WHHEMHAKAREXEMTINRANRAZEENEBREZIEH

—_— M R SR A Tl AL AR FH %
b PSR4 P T bt T P 2 i FE AP 3 P T b L S A
2006 0.311 " 0. 046 ** 0.133™ 0.035*
(6.057) (6.180) (2.589) (4.749)
2007 0.326* 0.049 = 0.112™ 0.029 "
(6.243) (6.479) (2.169) (4.020)
2008 0.329** 0.050 *** 0.096 * 0.023**
(6.249) (6.539) (1.851) (3.192)
2009 0.331"* 0.050 *** 0.098 * 0.020
(6.284) (6.540) (1.898) (2.940)
2010 0.333** 0.048 0.099 0.017*
(6.292) (6.290) (1.902) (2.563)
2011 0.326 " 0. 046 0.098 0.019 "
(6.133) (5.968) (1.900) (2.779)
2012 0.324% 0.045 = 0.086" 0.022**
(6.092) (5.917) (1.666) (3.163)
2013 0.319 0.045** 0.109* 0.028
(5.973) (5.860) (2.093) (3.807)

36



Research on Economics and Management( No. 9, 2023) ‘ 25 S AFSE (2023 4E5S 9 )

FI(£)
s Tl AR S 3 Tk HL &R AN %
Hb I AR R SO IBLENER= ey Hb 3 AR R 300y P A
2014 0.313** 0. 046 *** 0.119* 0.029 ™
(5.860) (5.905) (2.279) (4.000)
2015 0.309 ™ 0.045 ™ 0.126™ 0.040 ™
(5.776) (5.895) (2.399) (5.295)
2016 0.310™ 0.047 ™ 0.103™ 0.042 ™
(5.796) (6.071) (1.990) (5.507)

EAG 5NN Z M,

AR S R B TRR (Elhorst, 2014) % A fifd | AT RAK 9 H RBOG 56 (LM K656 ) o ansk 10 Fix,
TC i 2R F ] Fh s (B A ER 0, 2 18] 1 [0S 9 IS A8 S8 ( LM -lag) 23 (8] A DGR 25 M8 ( LM -ervor ) M H AR
feJ% 30 ( Robust LM-lag  Robust LM-error) 35 {2 , 106 B 4 fife B¢ 745 i 01 8% 25 T0U A7 A8 25 (8] [ 4 56 (R TG I 0 o
BRI EARIE 20, 2 T ok, A A SDM XL (10) 47 Ak 31 IF AR 48 Ak 1145 S 2E 47 3K /R £ ( Wald) i3 T4
5. R 10 KSR TR, Wald et B 2 548 1 bk, b i A SDM ., & J5 , A< 3C%F SDM Ay
FTFEE R HEAT T ST 2 (Hausman ) K 56, 45 52 B[] U1 385 FH °F 1 7 800 A A

F10 FEITERMAQE

Robust Robust Wald test Wald test
faEji LM-lag LM-error . ) Hausman
LM-lag LM-error spatial lag spatial error
i P4 4 P 22,240 39. 440 ** 33.309 50. 509 50. 87 *** 15.31* 5248. 96 ***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.018) (0.000)
35 b TP 2 156.033 130. 196 *** 39. 441 13. 604 84.88 ™ 41.25** 1150. 51 %
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

TEAG SN P,

F 115078 7R I ERON ) SDM AH452R . 4528 o 3l Tl ALAs AN T BE A AG T R BT 1%
KL 2 I S U B AR s T AL AR S 5 B T T A 5 Ml T o TR S 2R S R U Y
SR — B0 M TP ALAR A 25 (8] )5 I 28 80 B 38 O 00, ELIEG 1 19 10 38 PR ARG 36, 3 I 408 30T 9k
P AL A0 KR A FAS R T2 T ol i VB R B 2 BE B T, A dal Tt e R 2 2 i 25 ]
S I (p) 9 11 VA R HAE 190 17KV 538 D TE S T SRl Hh 1 BER B2 2% 2 A4 THAT Bl 408 3 3k o
Sl T B T I ) A B AR S

F11 TAeHLER ARSI AR S % B #Y = 8] i B0

- HEHE SDM
- Hb AT F T90 b LB A Hb AT F I T 1 3L
Inrobots 0. 095 ™" 0. 122" 0. 136 " 0.149**
(0.016) (0.014) (0.018) (0.014)
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F11(&)
- e SDM
- HU A B S B TR B S M PR I
WxInrobots -0.009 ™ -0.353 " -0.029 ™" -0.715 "
(0.003) (0.063) (0.005) (0.162)
WxInexpy 0.304™ 2.039 ™ 0. 304 *** 1.540 ™
(0.001) (0.264) (0.001) (0.413)
P A h AR EScil Etil Eitil
IR T R ekl £t kil el
s i [ 5 0 £t £t bl Etil
A 2 365 2 365 2 365 2 365
log-likelihood 1 073. 466 1 840. 103 1112.308 1 893.219

TE: SDM ZUMAFE S AL 4 AR 57 3 1 A (3 KRR AR BAGKT A2l K- LA B SR B R

R T b A BT I T T LA AN XS Tl Ml 11 AR B 2% B 7™ A A S i, AR SO S 0 B AR i
(LeSage & Pace,2009) ™' (47 | 3 o SR A 850 A AL RGP A8 1 ) SDM. R8T Tl LA A FH Y B
SO FITE RN, R 12 T LA, 3T Tl HLEs AR FH B B RN 7 1% 47K b i 28 R 1E ] 28500 78
5% R BRSO AESGETT AR X S A D Tl AL s A HIREAS b il 5t 15 e AR S A=
P HA AR R (AR T ARV T il s V-2, BB T Tl HLEs AN FH S | E K+ RE 57 3
ST RS T 2R A SURON KT P AL = A R IE RGN, 2 1T S B LA A FAEAEZS (8] L B S AR

F12 ZEBEHE

ARt H ISR HE AR [ 30 b 3 A
EHERON 0.125** 0. 148
(0.016) (0.015)
[E22 e -0.182" -0.310™
(0.109) (0.139)
=Y I -0.056 -0. 161
(0.105) (0.142)

AT 5 O bRiELR

ARSCAHH 2012 4F 2014 4FF1 2016 4F v 55 2h o 2 25 0 2 B 44 g v il kR T 12 5 TAER 55 8h )
FERLL S 16 ~ 64 2 1515 57 B ST RER h R & LUN 2205 i Lo g s, R SDM 2548 Tl AL & A7 FH X 388 i il e
b 55 3l 1B RREE R 52 IR , ARG 3 Tl AT AR FH 5 | BRI EE 8 57 20 1 i i A% 02 A5 02 5 305 [l 17 S vk
M ERIE R, 3R 13 #0057 Tl HLgs AR 52 e 38 i R R 55 2 1kl A 4 SDM k455, NS5 AR R
TCYES R FH i B 08 2 0 A S 2 3 bt LR 8 4 , A s T b AL 7 FH 5 A M ARG 45 RE 55 30 0 il 9 71 2 PR Bk 2%
A ARSESE R | TARUE IR T Tk ML a5 A iR B 58 55 30 ol 493 80 5 B 38 B IE I 6 2R

1 13 w0 A T HLES AN & B A BT 1 i o8, A2 5 T AR 57 8 ) BE R P AREE B 95 3
ii HE R R 0. 049% A3 16 ~ 64 %5 & W 57 8l IR PR RE 57 3 77 15 LU R 0. 061% . TSR3 T Tl HLE

38



Research on Economics and Management( No. 9, 2023) ‘ 25 S AFSE (2023 4E5S 9 )

NS T JE B M T et A AS MR BB 55 3 1 7 LU AR T, I U WA AE A Tl ALas A 5| 2R RE 55 3
UL G . LIRS R SR TV ALAS AL 2 X A M AR & BE 55 30 77 7 A 5 H 8O0, 08 1 {1 4 g
55 S IRRAEIER | 0757 8h I HERE AT 1O R BRI Tt D AR 2 B4 1, R 2 AR 5 B AR 4 g
57 811 A A% S S BT ATLAS AN I 08 3L 3k o i ol 3 10 T2 i BAA DA

F13 TAeHLEF A 20 IE AR 452 5E 55 30 1 3t Al 40 B A0 = 8] i HH 30 e

ST 3 1T 2 5 AR 55 30 ) BE A SRR BT 16 ~ 64 % E W 55 3 S EA
A5k RELIF55 KELUT 255 L
piBLIRE TR Tt L A o b B 484 I e Tt L A o
Inrobots -0.049" -0.064* -0.061 " -0.076 *
(0.027) (0.037) (0.033) (0.031)
WxInrobots 0.026" 0.053" 0.037* 0.056 *
(0.015) (0.023) (0.016) (0.088)
Wxemp 0. 089 0. 027 0.104" 0. 057
(0.063) (0.346) (0.063) (0.337)
il A it il il £t il
IR AR il £l il ]
I ] [ 5 AR il il £t ]
AR 312 312 312 312
log-likelihood 509. 558 513.011 556. 142 564. 682

ARIOE — G5 R Rk FE RS A T AR o A5 43K B G L, H A TR] X8R A 3ok A3 A 280 417 oK )
BRER KIAT B ALE 0 DR AT T 2 A A B DX ¢ Y B 22 5, b [ A A DX 2R T R R A
BRI, v S T Tl AL e A FH K SF R 3l 191 45 A 2 A% B 7 s ) 4k B 14 BT B I 9 23 A
SV A e R DA A T T 9 e DX 1] S Al s DX 358 DR A, BIL AR NP R AR AR B
JEE B v SR T A T AR AR AT I X T T b WL RS A S A R T AR At R B
JFERIIR T, Ham i W5 | e B BE 57 S T TR HE S 45 BE 55 3 77 it AT 1 B o A 3 3 A S b 1 R AR
ANFUFEM | 30RF T BUSA H 10BOAR S 25% R S 050 v 19 AR T T T M DX RO R B2 R g — 2B e T U R
52 7R LSRR B ALl M DX B AR B2 A B R — A0 T o e 7 i 2 i 355 2 s, 7 2R T IR0, AT B
2 AL KT, HLAR AL IS il 3l 1 1 T+ 9 1 fi 52 0 WS e 2 = A B e S, D, S RO
DA DX 358 28 355 R Jr AN - 1) 30 ] g S S O SCRF AR 4518 5 56 B 2 K R I E A AP AE — 8 25 R I T
JEA

L &R SBoR R

SRR FE TE A ZE TR IH Bl RE S G SR 30T, 1 i ol s AR A R T A £ B 45 A e B 1) U B
FIJC B 2 M 1Ak BB R TR 5 4 o 38 56 ok o o) 3 b 2 R0 R o 10 54 1 B R BoA 20
o ARTCLA 2006—2016 4F-H[E 270 ST N REAS 7B 0 B A KA L SRR I B BE TR e )12

39



LV S5 BIEGE (2023 4655 9 1)) |  Research on Economics and Management( No. 9, 2023)

A FH——Tlb MLt A3 il b 1 1 TR A2 RTS8 2R s . (1) s Tk AL AL A A 3 ke ik
TG BRI IR T ST R R B B A BV TR A4 N AR M IR D R A IS
AR, BRI S, R Tl HLEs AN BE 4340 25 43 080 75 43 Ay A3t | s & s 1R &2
JE LU R 1 2006—2016 4F RITHHETE T2 13. 34% 53X — 28 5240 24 T A Sl s il ol 1 1 HR 52 2% JBE i o ofe
ZEAE VAR T 29 41.69% . (2) SEMALHIRL S 2 3y Tl ATLas A2 i sk A BEAS 2 T 000
16 it T 5000 LA B P 8 S TR Al 1 3T sl i1 1 R, HLARTIT R, Ny AR B TS AR B
TR AN RE B ELAMAE S Tl AL AN KRB TR 1 24 55 3 T3 S RE LS4 ; v 1] iy 3 101 280 R 4
PR HLEF AN A Aol A OECD J 5% 57 1115 R MUASE IS 22 b 2K ) v ) 450 it 5 B 05T 0 28007 A By
HLAS AN 5 | EOSTEAESR T ARAS [R] H ™ Bl R A DAL FFEC . (3) S Bt A & SRR W, AL LS A
FHAEZARBE TIN5 5 VBRI 2% BE A 3 T, X6 400 iy B AR At e | vl 3 A A8 2 e A 3nl i o 11 52 2% B £ i
PEAE RS NSR AN, (4) ¥ A4t AR WY s b AL & A HIAS T 24 il g il o 0 7 h 2 5 2] 1
RRITICTT il BRI AR RS T, AL A 5| B IR R 57 30 1 sl i A8 0 T S Tl HLs AAT
TEZS A GUAMNERPE Y 32 2 A

ARSCHIBIEFELE Ve L AL i T v ] o i ol 6] B 5 4 7 B o il i el ot i B 3L 0O A 2
A BT S s BE AR N TR BB S I DO TR N ERL] B E A EOR S L ROk

S — BRI & A BB AR THOLAS ABOR A EAVERE T o A SCHESE A B, Tl AL AR X
H 3 A Mt A A A B, 3 r M AR 1A S B 14 RS RSO AR S 1 T
T A A EF | DR R I — AP S ML e A B3 BN, 97K A Sh AL S AR R AR S i, [R] I, g T 2K
B Pl as ARZ oz Ml gs N FARKFHAR, BANGE Al 22 1 s sl A AL & A b SC Bt % 8 1
A=, R — 2 e R LA A% DR B QU RE ST, TR ESMEAR B8,

5 TRAREE AR TV ML g ANt TR S A [R] B, 07 24 7 3 T8 A 2 ML s AN BOR S B — ik
oA B FITHE . ASSCIFTE A B A A P BoR J2 2R Bk 70 T8 5t DV BOR S 2R JE A 3 T, X —
BB Ty B W R, LI, AR A SR BOR XS — B 5T 5 Al H TR BRI i, ki (e Ak 52 5 &%
FE SR AR EELR SR FT A BRI 1]

S = TETE DX B 5y R K e T BRBILAS AN 51 B A1 5 BE A2 B G AR SCHIFFE e B i ML AR
AR IR TE T YRl ) 1 T (B SRl T 3 1 BOR S AR B AT B A T R, RN
AT DI SD 52 R o, 2 JCE S 3 Sk T 7 52 5 e e v B i W 2 A . IR, O IOE B X AN [ i X552 it
ZE AL RIBILES N7 K JR R L G fiffixX — 25 TR 2R - i 2207

(1], B k. 32 57 5 A AR R AR S 1 o FE 3l th A BoR AL )] SR 4237 ,2017,40(12) :52-75.

[2]XU B, LU J Y. Foreign direct investment, processing trade, and the sophistication of China’ s exports[ J]. China Economic Review, 2009, 20(3) :
425-439.

[3]SFRIF, Tt N, % &k B S OBAREIET ], hF 43 ,2011,34(7) :91-118.

(4] B, 2k W2 | 5. A WA st 5 i BT il i Hh 11 T4 ok A i 8 e [ 1] A BRI B 2019,35(5) :64-77.

40



Research on Economics and Management(No. 9, 2023) | £S5 BRI (2023 4£55 9 1))

(51, BRmRAE. E AT — X th O R A i R AR LRI L T ]. e, 2020,37(2) :52-64.

(6] ARV, 43R, BIR R ALk 1 il ™ i TR ——H THOR AR AT [ )] WA 23 ,2020,41(5) :99-115.

[7]ACEMOGLU D, RESTREPO P. Robots and jobs: evidence from US labor markets[ J]. Journal of Political Economy, 2020, 128(6) : 2188-2244.

(81254, T/NEE L RE. ML AR08 AL 5 290 [ )], P E A, 2021,37(9) :104-119.

[9]GRAETZ G, MICHAELS G. Robots at work[ J]. The Review of Economics and Statistics, 2018, 100(5) : 753-768.

[10]ACEMOGLU D, RESTREPO P. Unpacking skill bias: automation and new tasks[ J]. AEA Papers and Proceedings, 2020, 110;: 356-361.

[11JACEMOGLU D, RESTREPO P. Tasks, automation, and the rise in US wage inequality[ Z]. NBER Working Paper No. 28920, 2021.

[12] ALGUACIL M, LO TURCO A, MARTINEZ ZARZOSO I. What is so special about robots and trade? [ Z]. CEGE Discussion Paper
No. 410, 2020.

(13 1A AR, sk L. HLas AN 5 O 7 S TRl e < 383 5 B R RE A e At [ ] . T 9285 ,2022,45(9) :3-31.

[ 1418853 FEaR 2. TolHLas AR R AT T All th 107 dh e —k |1 i A B (e [ ). = BR 5T 5 a1, 2021 (10) £ 17-33.

[15] Bl 58, R, A TRBES PRSI S5 2Rk EEE > T.01]. FE TAZF,2020(5) :80-98.

[ 161w HRI REGAE, T-HFms. A\ TARBEARE TRl Al b D @y —— R FHORBIRBEMAM T )] 25 PFiE ,2022(3) :69-82.

(17D , EH 52 HLAS AR FTD6E et D TR s 5E [ )] AR 2 ,2022(10) < 115-125.

[ 18] Bt RUE, Pt B B REHIIE |57 30 B REEE A5 th T BORB AR BE (1], M BERT9E, 2022,33(3) 1 16-27.

[19]HAUSMANN R, HWANG J, RODRIK D. What you export matters[ J]. Journal of Economic Growth, 2007, 12(1): 1-25

[20] XA, 2558 20 0 A5 Pl Ai—— L AR S X7 3 Jr il [ T, AbstiidioR g A i (RER4 ) ,2020(6) 113127,

(21 BHM, A8, TALHLE AR M fll ty BE[ )] [ PR 5T 5 IRAE, 2022 (12) :38-53.

[22]ACEMOGLU D, RESTREPO P. Automation and new tasks: how technology displaces and reinstates labor[ J]. Journal of Economic Perspectives,
2019, 33(2): 3-30.

[23]FURMAN J, SEAMANS R. AI and the economy[ J]. Innovation Policy and the Economy, 2019, 19 161-191.

[24]CHE Y, ZHANG L. Human capital, technology adoption and firm performance: impacts of China’s higher education expansion in the late 1990s[ J].
The Economic Journal, 2018, 128(614) . 2282-2320.

[25]BAS M, STRAUSS-KAHN V. Does importing more inputs raise exports? Firm-level evidence from France[ J]. Review of World Economics, 2014,
150(2) : 241-275.

[26]XU B. Measuring China’ s export sophistication[ Z]. China Europe International Business School Working Paper, 2007.

[27] VAN ASSCHE A V, GANGNES B. Electronics production upgrading: is China exceptional? [J]. Applied Economics Letters, 2010, 17(5) ; 477-482.

(28] TR, H S MLy AR I sg i p 558 i ——k Al LA "l RGIEE( )] . 28560F5E,2020,55(10) :159-175.

[29] LEWBEL A. Using heteroscedasticity to identify and estimate mismeasured and endogenous regressor models[ J]. Journal of Business & Economic

Statistics, 2012, 30(1) : 67-80.
[30]HAUSMANN R, HIDALGO C A. Country diversification, product ubiquity, and economic divergence[ Z]. CID Working Paper No. 201, 2010.
[31]MAGGIONI D, LO TURCO A, GALLEGATI M. Does product complexity matter for firms’ output volatility? [ J]. Journal of Development
Economics, 2016, 121 94-109.

32 WRSE, F BV MLk, XA 5y 5 HE I ALAR A AT AL IR BEBAREA (KB IESR [ 1] SE31RT5Y,2021,38(3) :44-57.

33 )5k RAF TR M. T AL & A PG r B 8 Il Al A 2 TADP R 2 HER [ )] A5 ELAE,2020,40(2) :88-92.

3AVME R, Bt a3 OB AR R SBORHEISHEZR [ M. 9580, ¥, Ju T Jbt KAkt , 2012,

]
]
]
351 BEYY, /NG RAEMG. o A AR R 2% 3 X T A AAR K 2E R 2009 A4 [ M. dbat. S B RkE t AeE, 2010.
]
]
]
]

36 E@%ﬁ,%,i&ﬂﬂ%. P2 57 20 R RIS it R 17 B et [ 1] 5T, 2015,41(4) :54-65.

FERLL AT AR “HLAHR N I AURELREST S 0T 27 ——FE T Hh [ 57 3 0 Sh A A BOR A [ ] AN IFTIFSE, 2022,46(4)  114-128.
38 JELHORST J P. Spatial econometrics: from cross-sectional data to spatial panels[ M]. Heidelberg: Springer, 2014.

39]LESAGE J, PACE R K. Introduction to spatial econometrics] M]. Boca Raton, FL: Chapman and Hall/CRC Press, 2009.

41



205 S FRIFSE (2023 4E55 9 #]) | Research on Economics and Management( No. 9, 2023)

Industrial Robot Applications and Urban Manufacturing Export Upgrading in China
GU Junyi', ZHAO Chunming’, LI Zhen’
(1. University of International Relations, Beijing 100091 ;
2. Beijing Normal University, Beijing 100875

3. Beijing University of Posts and Telecommunications, Beijing 100876 )

Abstract; Technological upgrading and competitiveness enhancement of final exports are of great significance
to the transformation of China’s manufacturing industry and the optimization of the export structure. Based on the
theoretical analysis, this paper empirically examines the impact of industrial robot applications on export upgrading
in the urban manufacturing industry, using data from 270 prefecture-level cities in China from 2006 to 2016.

The findings show that urban industrial robot applications significantly enhance the export sophistication of the
local manufacturing industry. Specifically, when analyzing two cities located in the 25th and 75th percentiles of the
density distribution of industrial robot applications, the export sophistication of the latter increased by approximately
13.34% from 2006 to 2016. This variance is equivalent to an average increase of roughly 41.69% in the standard
deviation of export sophistication of the manufacturing industry in all cities over 11 years. The mechanism tests
indicate that urban industrial robot applications promote urban manufacturing export upgrading through human
capital improvement effects, intermediate goods import effects, and resource reallocation effects. The heterogeneity
test shows that industrial robot applications mainly enhance the export sophistication of processing trade and exert a
more significant influence on the export sophistication of cities with sound initial technological foundations and high
levels of marketization. Extensive analysis reveals that urban industrial robot applications have a spatial spillover
effect. Specifically, the robot applications contribute to the local manufacturing export upgrading but impede the
advancement of manufacturing export sophistication in neighboring cities. The migration of low-skilled labor nearby
caused by the robot applications is the main reason for the spatial negative externalities.

Compared with the previous research, the main contributions of this paper are as follows. First, it
comprehensively investigates the impact of industrial robot applications on urban manufacturing export upgrading in
China, revealing the underlying factors and mechanisms. Second, it analyzes the heterogeneity between robot
applications and export upgrading, and explores the differential impact of robots on cities with different trade modes
and resource endowments. This aims to answer the question of what characteristics cities should possess to better
leverage the export upgrading effect brought by robot applications. Third, it evaluates the impact of robot
applications on export upgrading from a spatial perspective. The conclusions are not only a supplement to existing
research, but also provide valuable references and practical insight for China to promote coordinated development of
regional trade in the new era.

Keywords: industrial robot; export sophistication; spatial spillover effect; resource reallocation; migration of
low-skilled labor nearby
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