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Tl HLAR N B35 $5 %2 (industry robot permeability, IRP)
IRP,= Rz//L/,/fzooo

Hip JIRP, RN ¢4 i AT\ TAbALER N BB, R, B t4F i AT ML AAF &, Lo oo 26 7 3 1Y)
(2000 4F ) 247 b sl A%

FIAAT M Tl HLAF A8 3% B, 4 1 30 T )2 T Tolk AL 48 N2 3% B (city robot permeability, CRP) ,
BART V502 8 5 B AT L 2 T AL &8 A8 33 B 43 i 210 0 —47 Mk 7 J2 T, AR S R 5T (2000 45 ) 3k
T —A7 Mk T AN A ERZAT O R N b AR e R T S BT A AT A 3 — ATl
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B 7R SCTR] I 2 b8 0 T YRR A S L B P BRI 46 O AR R Y wh i, 2 I Edmonds et al. (2010)
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BLER N B BRI 46 bn B 2 A 2 0% & SC, Qi SCHA , B 8 A A 1l F A [ 11X 55 8 T 4
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b [ B 25 R8T T LB A LA O AR Tl LA B il L ST A Bl S5 R AR TR AL N il A
FASTR], BRI F A% SOREHEAS 80T 387 Ml B30 590l A a2 A7 Ml Sl A B e & L, /L A0
I AT M L B R B R AR 3T P AT Ml B R A ATl R B L R RO B
S T ATl T B e R A e . b — 0, A SRR AT L R WL B35 B IR P TR A WL A
P 2 AT M g i 0 SRR o HE AR PR AT R IR T B A LB AT, R A AT T
WAL NI Z TR 4, 3R A T HLES A X P42 ATl i o o B, A R VR A7 I A 2 B
— T B B S AT, IR 2 Tl AL e A8 2 X6 33K — 3T ) Tt A AR S B A 32 T At B
RS A AL 28 N R FE L LE B 3 9T LA, 3% 48 A 1 4 22 (] e 25 18 7 7 4 3 2 A R AIE - L — Il A &
HA W R 3 H =, Tl BL A i o A s

2k o AN - AL

2t

1
-2

WIHLEABE (rifEfl)

Bl TERTILMBEASEREL & 2R

2010 4 Z A1, A Tl LA A 2 3 K A8 5 (R AE 2010 4F 2 S, A 1 Tl ML A A o
LA HA, 20164 , B A A AR s A AECET 26, B 1R T 2006—2016 4F # [
BT T HLEF A3 R W 3 E (bR vk 5 v B &kl b O & X (AR i) Z T B R &R A
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MERZ B, T E ST T LS B0 B T AR

AR S Aot R AR R Al — = — T 3 — I [ U A 4 B 7 AR L A A DL R
FRCE: W B B0 o8 T AR B R Al 1 11 45 26 77 i R [ B 2 0 8 1 A0 o 1 880, 7 il i
F1A A6 S 10 50 o D MR 0 000 A 81 AR S o I o i) 8 Ak 19 A8 e A 455 A ok BT FE 3R 7T GDP ALELA
L a3 E G GDP LB RS2 bR IE R Ak DK AE BE (BE O %1/GDP) , 1 Al (9 % 7= | 17
for A ST AR RR DA B A P 4 . A SCHEmT A O B A E R GDP R B R T Ak B
ot A A AR A SR A B0 3K, % DAL A T 2R A A A ek A Al A1 B 45 A8 et SR i A % 0 fk Ak B
F 1R T FRAR R R ES T

k1 EEREBRRKITLER

RIS T SR B pURIIRES ¥{E I KAH He/ME L UES
Ine 7 i A (96 90 ) RO AR 9576127 11.3191 23.5117 0.0000 11.2538 2.5822
Inp 7 it B RO B 9485698 2.2131 20.1039 —11.4543 1.8395 2.2377
Ing 7= S (32 50) BUKT B 9485699 7.4775 24.0542 0.0000 7.7169 3.3282
Inerp W T ALES AN & BB AL | 9014760 | —10.8319 —7.0214 —14.1062 | —10.9132 0.9669
Incitygdp T GDP (27t ) BUG %k 9010424 8.2594 9.9805 3.1570 8.2850 0.9085
Incitypop TR T O ) B % 9012646 6.2484 8.1192 2.7979 6.3568 0.6191
Indengdp | 1AW GDPUZRETL) Bt Bk | 8847776 13.7284 16.6051 4.4266 13.7264 1.5707
Indenpop | WM EA T OF B | 9091585 14.5404 20.9395 2.7978 16.8657 5.0872
import HE R AE BE 8847776 0.4448 8.4487 0.0425 0.3195 0.4646
xr XA 52 Bl 6722570 | 610.6974 | 31900.0000 0.2688 3.4375 2601.0230
Inasset Al B3 7 (T3 78 ) BUKH Bk 9505753 11.4002 19.4374 0.0000 11.1429 1.7508
Inliability Al 9745 (5 78 ) BUA 4 9494975 10.6678 18.7698 0.0000 10.4668 1.8928
Inprofit Al e (5 76 ) B 8L 7764321 8.0343 18.7228 —0.5806 8.0570 2.6045
age Al A A AR PR (4F) 9511390 10.6507 64.0000 0.0000 9.0000 6.7165
ownership Al P 9576127 0.5916 1.0000 0.0000 1.0000 0.4915

PR R P B Lk R E P B RS o R E P B3R 4t % 0 Penn World Table(PWT9.0)
b A B FRATH AR T 1949 F TR IR, SLBEFSH1F0, 1 ATIHARTLLRF FEBREHZ TS
A, &R A0,

(Z)iTERE

AR SC AT T Ap AL A5 25 R A 6 B D A0 i R AL o, DL Al — ™ il — Y E T S — ] 7 Y
A E B 7 A R A R R 0 A 0 RO S Bl R A i BIF S T )= T Al LA
Xof Aol AN ) 2 057 il 1 VAT O B2 0 o AR SR Y a0 2R AR Al j 1 107t e 22 H G o A9 H
UL A A S R B R T Al — 7 i — T S — A DU A A B R AE o 1O U
BT AL B a2 X Aol 9 AT D B8R T AR SO R T AN B I A A 9 ol — ) dh—
Y™ 1 5 S0 VIS ] 850 5 A B P[] 728 A B 5 Ak Hp AR SO — 2B i) 1 Sl — B ) AR L T
Sy ok 6] " A A0 Al — I (]S o BT HEBR 1 2% A 4k B2 Al T R R B o PR, AR SO
AN R ARG 0 kT Tl BIL AR N B 3 R X 7 A AT S B R

lankl/[:ﬁ() +ﬂllnf7"p(, + XL, + Xd, + Xj, + Mijra + Uy + e]/u/z (11)

FErp Y 2R AR AR 7R E 7 i 22 H A B o B9 AR A RS B DB orp, 3RS AR
PR ¢ B9 Tl ML NBEIE o X, X, X5 20 0 s P2 T AR T ¢ 9 GDP AL 1045 Sl iy — i ]
ARt AR A AR E T d W GDP BN E BE ERAF BE XU 52 BRI AR A W 07 3 — I i) " A2 o 2
AR AR B BT AT R A AR R Al — IR AR R g Ak — " — T3 E R
IO, g, BRF 8] [E6] 2 B8O , €500, ML DR 22 00T 0 R A 80 1, 244 M 000 O w0 i A B I, A 0 3 B0 3y B A
THRBONIE N TV HLAS A5 125 B w5 I, 7™ el 1 08 I s AR A L 2, 25 10 11 e e AR D i
RS IS Al T R K e BT AR BN T, 2 TR AR D i R R A T R R e B T R O
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1E AT Tk Mlds N B3 B3 m A, Aol o R B B M 2 " S 5 M 04,

X LA b B AR HEAT (0] A J5 AR SOk — 2B R SR IO Tl AL #% A2 2 B2 gE AT (o] 5 ) v B A7 7E
BN A MRl R, B AR AR SCHR I T 38T GDP /KSR T H H: b A ik 45 12 210 0% 36k i )23 1 i B[] 2% b
() R 25 0T R [R] B 52 g 3 T oMk LA A B 33 BE Al 1T B G T O BB R 28 O i MR A X
AP 4l T 3 T I S T 728 6 1 8 WL R R AT R R EON BRI R . T AR SO L A i T LA N B i
JE 2 I TIT I B ) 28 A 9% 748 e, T LA I ik 4 A ) < Il T — Ik ) [ 280 L AEL A I 55 35t U X S8R ]
PURIITIOIAP VPN b I R A o e o1 T NS G v e 2 ¢ o= WO W D {3 7 N 8 7 0 1028 < W ST i DAER S A
P DUN T A AT Al 3

InY =g+ pilncrp, + X, + Xo+ X+ A+ pia + 10+ €0 (12)

H(12)FEX (1) py S aib b gE — 203 1 9l X — s 1] 7 [ %2 200 A, Dube et al.(2010) TAH7,
AH I b X1 28 % 25 A PR SR AT AT LU A4 3, AR SR A BB L 5 42 1) S8 T I e ) 722 A 1 [0 2 2800, {3 3ok 4
) 355 T T B s [) 8 A P R AR, — o R R b AT DAY 2% 3t T 1 08I0 AN B ) IR T i e () A2 A A 2 U A
BRI B P A )

B ot 22 A1, i SRR 3l 2 A Tl AL N2 07 R EE AR R RE 5 7 Mk 45 4 DL S b BUR AR A
BORBYAHOCOC R I A, 1 BT A e XF Tk FLas A48 A= Az 520, 25 308 T P4 32 Tk B 52 i) 1
A7l 14 i a2 0/ B 2kl X T ML g B 07 AR B £ Bl 2 4 v T R G e 0 T e AR 23 B
P AE PR A R R . A SCfE % Borusyak et al. (2022) fil Imbert et al.(2022) X} shift-share T H. 78 &
(Bartik IV) (#4385 5 1 , % F A & A7 59 Tl L gs AR FH £ 18 S v AR R A7l 59 Tk BIL s A0
FHECE B T2 AR NI o s T Tl AL g8 A28 B, IF R M o B e /s — e vk e A7 [ml 5
20 DA R A ] 25 A7 ol AR R 9 T AL 25 0 A A O T AR R R A 1 5 b [ ] A R
L, ELP Mk 25 2R A — 5 1Y n] b - 8 R R S o R TR VR AT M LA N Y I s R i
] Tk LS AR 38 e R AT M 2 VR R il &k . DAR 3T A A R Rk ] T B AR & 9 [l 5 J7 72

lanm/z:ﬂo + /Qlln f'/%“ + X, + X+ X/[ + Mjkd + ‘UzTL € jkdr (13)

HOI3) 0, crp o R IR 2 A7 A LB A0 T o o B 2 0 M L 38 08 3 i B
P B J /e e 55— I B T U145 B 0 900 4

A CEERFERMBEERE

(—)EAERAER

ASCHR (TR IR IR T Tk HLE8 A8 33 JE (Inerp) X3 7 fi 1 &R (Inamount) (5210, 42 2 J2& X
A LRI A AR . R 2 g (D4 T Al — 7 b —Hh 1T 357 [ G 80 A [h) 5 5E RN, {5 2R
AT Ay 42 il A2 1t 5 90 (2) FE 5 (1) B B il B AT 30l T Bl 1] 722 e iy 42 ) 28 6, 90 (3) 7E 9 (2) 1Y BE A
Y T S B I ) ARk 4 AR s 40 (4) D)k — 25 AT A ol B IR ] ARk 4 AR e 2% R
WS SR TR 8 R 2SR RER 2w 458 Bon Wl Tl LS N & & R &
BN 126 Al 5 77 S A SR T 29 0.11200 . B I A KRR RS A5 RN R N IE,
Wi BB TT Tl FL A A2 2 B 4 v I, Al P 7 A B A T 3 0 R S A A 1 T

K2 RTILRMEASE B 0 HegHa

(D (2) (3) (4)

o
Inamount Inamount Inamount Inamount
i 0.1116™ 0.1116™" 0.0550™ 0.0646™
nery
P (0.0252) (0.0252) (0.0247) (0.0286)

City Controls o & P i




-

BESE 20005231

gk 2
A5 HE (1) (2) (3) (4)

Inamount Inamount Inamount Inamount
Destination Controls i & fS =
Firm Controls i i i =
FPD Effect 2 it s =
Time Effect = = = 2=

N 6199712 6194239 4562699 3375802

R? 0.8671 0.8671 0.8742 0.8788

E: £ PFPD Effect £ 7L —FR—Hh w3 EH Z2m, Time Effect £ 7o B 2 5 ,NAEZIMIENEK, T
AP H S AL — 5,

R A A R 2, 38T Tl ML A8 25 P 8 v I, Aol o < B A 4 1 7 i O S B Ak e i E H Y
E M OB, 2 3Rl th B A% (Inp ) 1 9 A 72 o 1) [l A 25 51 SR F R T i A 70 ol
K (1D, F3FFN(D) LR BRI Tk AL B & AR & 100, Al 977 it A0 4% 5 25 1
IR T 250.050% o B (2)—(4) ik — 202 1] 3ok i B B 18] 2% £ % 42 1) A2 5 8 1 T 37 Bl st () A2 £k i) 428 16l
7 et DA R A Ml B B[] A8 A B 98 28 o JS S B Al AR 43 T B T £9°0.050%.0.072% .0.064 %6, 45
SRR . T DL 3T ol AL a8 A8 3 B AR s I, Al Y A AR SRR AR T
A3 WM I RABALEE R a

- (1) (2) (3) (4)
s Inp Inp Inp Inp
Inerp —0.0504" —0.0501"" —0.0717"" —0.0636™
(0.0221) (0.0222) (0.0217) (0.0252)
City Controls w = = =
Destination Controls & & I s
Firm Controls " 5 % 2
FPD Effect e e I JE
Time Effect s s = s
N 6140770 6135300 4522965 3344503
R? 0.9538 0.9538 0.9578 0.9584

7 : & F City Controls . Destination Controls.Firm Controls %~ #| & 7 3% 7 ML & 18] T AL 69325 £ & 2 7 kot
Bl EAG IR EF SRR ELGEHETE(EARARALE WS ) ,FPD Effect £ 7 b—Fdm—E 27
% B &8, Time Effect R Fo A2 2., FAF AT M ENES LS H—5,

4B G E R (Ing ) 7 w5 i A8 728 5t A B 45 21, 90 (1) B9 45 28 R, i Tk Las A
BB RN 100, Al A7 OB Y I 2 0125040 0 1 (2)— (4) 2 — 25 42 o At Bl i) (1] 22
R R R G, A R AROR AR o BT L 3T Tl HL s N5 38 BE 42 i i), ol PN 7™ i 10 B0 I 35 0
Koo RKIMEAMERU], A lk i 2 B pr 48 1789 07 SCHESD 1T Alk 7™ i 7 F ARG [ 7T 37 H
(38 K, il 2 a7 o Bk — 2550 B al L, BHLAR A8 1 09 B 28 R T AR AL BT T AL
LEPANY B8RO RN 1113 VAR M6 5 G VAN ol A A W10 ST F S e S A I 135 @ VA X (AT
AL, B 308 " S A B RO RO R T AR SO B R AR AU

K4 OMTFLLMBEASESE TR O

- (1) (2) (3) (4)
A2
Ing Ing Ing Ing
I 0.1253™ 0.1245™" 0.1118™ 0.1093™
ner
ar (0.0311) (0.0311) (0.0311) (0.0363)
City Controls S = = =

— 34 —
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¥ !

T (1) (2) (3) (4)
Ing Ing Ing Ing
Destination Controls i i = =
Firm Controls w & w =
FPD Effect & e i e
Time Effect & = = &

N 6140770 6135300 4522965 3344503

R? 0.8836 0.8836 0.8884 0.8911

(Z)REsem

AR SC DU FR 23 B T A T B e TR A A1) 81 U3 il B8 A £ 9 A AR P )RR AR VY
fifp DR 7 15, 5 — P 7 B R AR 3 (1) B9 S Al b ik — 2 4 ) Snl o7 X — B ) ™ [ s 00, WA T 9 2 ey T
168 T UL A 8 6% 3T i o 17 22 T A 5 0L PR 3R 3 A P AR ) AL B SR T X C12) AT A 3

FSHIR T Tl AL s A B X 7 b E B (Inamount) (5200, 1% 3 h 45 91 1) 45 R TE R 2
AR il 1 — 2 AT T Sk — S [ RO o A A B 4 AT X — s [ RN S Y [
VAR 2 2 B — 2, FUR ROBCE NS = T 3R 2, BT T HLAS A8 g R A 9 106, A oll B 7
AR B R K T 290,134 % , i 1 45 i R

A5 WRT I UABASE D @ B e (2R T w0 B )

A f (1) (2) (3) (4)

Inamount Inamount Inamount Inamount

Inerp 0.13417 0.1329™ 0.0660" 0.0696™

(0.0260) (0.0262) (0.0260) (0.0299)
Citypair Time Effect & = = JE
City Controls w = = =
Destination Controls o = 2 2
Firm Controls & & & s
FPD Effect e & Ji: Ji
Time Effect o = e =

N 6199349 6193876 4562347 3375518

R? 0.8672 0.8672 0.8743 0.8789

i : & 5A & 6 F Citypair Time Effect & 7 “3% W st —8 18] " B & 8 2

6NN T HE— 25 AT T X — e ) R RN S T Tl AL N B A R A
(Inp) A 118 (Ing) RO RZ MR, B R 3R (12) B Ak 153, 510 (1) A (5) B 45 5 Bd B 3k v Tl HLgs A
BB RGN 100, Ak 77 bt A A TR B T 29°0.080 %, D e WK T 2901710,
H1(2)(3)(4)(6)(7)(8)43HFEH (1) FF(5) By FEAmb_E A A T 38 117 BE )28 4k i P bl A8 B i 3
Wi s (0] 25 b 114 42 ) 25 ek DA R A ol i Fsf ) 258 A 1) 9 o A8 e, 45 SR B L A 2 (9 2598 A AR R feke

A6 MW I LMBEALESE MR ALE G m (2 H R 8 7] "B )
. (1) (2) (3) (4) (5) (6) (7) (8)
- Inp Inp Inp Inp Ing Ing Ing Ing
| —0.0800"" —0.0778™" —0.1092" —0.1183™ 0.1710™ 0.1668™" 0.1561"" 0.1638™"
ner,

P (0.0203) (0.0203) (0.0178) (0.0179) (0.0282) (0.0283) (0.0272) (0.0296)
("“y’g‘fifre :me 2 B 2 2 2 2 2 B
City Controls a & b b w o 2 2

Destination
Controls g g e e g B e e
Firm Controls w w i = w i i &
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4 & 6
- (1) (2) (3) (4) (5) (6) (7) (8)
AL
Inp Inp Inp Inp Ing Ing Ing Ing
FPD Effect & 2 JE JE P & & e
Time Effect f T S = = = = =
N 6140407 6134937 4522614 3344219 6140407 6134937 4522614 3344219
R? 0.9540 0.9539 0.9580 0.9587 0.8837 0.8837 0.8885 0.8913

A SCER DU B 43 B4 3 AR R R PR T Tl O L 9 A T RE % L) PR SR S B 9 A ) A
IP TS R A R P A M I LAY T i < SR P 7 % Al 9 T AL e NP RS A DA e AR ATl
4 Tl AL e AR TR dhs (9 T H AR S, DT B0 v [ 3l Tk ML A N8 a3 B2, 9 2R 1 R B B de /h —
e i BEAT 1, B R A 20 C13) BEAT G o

#7230 (13) iy I 5 5 g e 02 7 it EV (Inamoune) 18R TP B B die /N — e ik 47

I FEp , Anderson LM &t E 54 T H AR

b
BRI 2 89 JFAR % , Cragg-Donald Wald F 4 i1 &

E4 55 T B AR B 04 UL, RIVAS SCRg T AR 5 5 i B A8 BT T AL & N8 18 2 22 IR0 A9 i 1) A 5C
P 45 3R B T Tl AL B B AR BESEn 106, A olk 977 il 1 SR K T 29012006, R T L
H AR i BEAT 0] JA 9 45 2RS4 T RSO Z5E

AT ORI LAEASE A B oY (IV AT

. () (2) (3) (D)
i Inamount Inamount Inamount Inamount
nerp 0.1200™" 0.0912" 0.1391° 0.1451"
(0.0404) (0.0402) (0.0421) (0.0421)

City Controls i P P P

Destination Controls e 7 = =

Firm Controls i = & =

FPD Effect = i e 2

Time Effect = = = 7E
N 6199712 6194239 6047139 6034578

AN FRDAFTES A B RGERICERFor AR T ETMADEFTEY,RE ARG LA
Bl AL 28 AAL IR, AT A R 3241 F B o A0 B R 0900 K F

R 8 A (1)—(4) 1 fifp A2 o J2 77 il LB A (Inp) , 51 (5)—(8) Ao e ik g 748k J2 7™ it 1 K
i (Ing), 53R 7 —3, K 3WERHA(12) 1 FIHZ5 R , Anderson LM 4t 11 #1 Cragg-Donald Wald F
GE v B 4 TR AR IR R A TR R RIS, A1 (1) (5) B A 25 2R R, 3T Tl AL
MANBER R 100, Al 57 il DR TR T 2901120 H il O 8ce BT T 450.274%, 52
AT A 45 S He e, R T HL AR e R A7 (R0 U5 9 28 B e (R K 7 38 v o1 I3 B9 R B4 XH (B . 41(2) (3)(4)
(6)(7)(8) H i — 25 47 1l 30 Ti I P 1) 72 A A 42 i 24 b MY 10 i 3 i e 1) 722 A 0 4 o) 72 6 LA B A Il Bl
FF 8] 22 1 4 42 1 A I L SR HRAR ST .

A8 WMF T RMBALESE WA RT G w(IVAET)
e (1) (2) (3) (4) (5) (6) (7) (8)
Ay iy
Inp Inp Inp Inp Ing Ing Ing Ing
| —0.1118" —0.1702™" —0.1417" —0.0781"" 0.2736™" 0.3048™" 0.3104™" 0.1932™"
ner
“r (0.0208) | (0.0207) | (0.0217) | (0.0233) | (0.0491) | (0.0489) | (0.0512) | (0.0544)
City Controls 7w P = P & = = =
Destination
Controls g @ 2 2 Q @ = =
Firm
= w e = % w T b
Controls

— 36 —
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4 & 8
- (1) (2) (3) (4) (5) (6) (7) (8)
AL
Inp Inp Inp Inp Ing Ing Ing Ing
FPD Effect = 2 = & J b & &
Time Effect I & & = T P = =
N 6140770 6135300 5989598 4622079 6140770 6135300 5989598 4622079

R T A B R R G 4 R, AR S B AR 1 T T MRS BN T 5 Al )2 AL g A R A
SCHk, o E T ALAS AT A T 70 %6 SRR Tk 0, B, sk Al Tk HLgs A 8 BE 5 4 b
i P A 3 Al Tk LA N Y BC S 4 A S B0 (Fan et al., 2021 #2553 BEHE 41, 2021 5 bRER 45
2023) o 45K B, R FH Al )2 T A LA R F1RCHE Y S E 09 45 AR AR SRR A S AR i, @

S, AR SCDARR S A A7 Tl AL 28 A8 R o A Sy o B0 AE A7l A Tk AL #8 A 7 FH a0 1) T 2L A
A P E R T T AL BB R R B B /N IR AT A T A5 R AR Sk ke . @

NHE—F o

(—)F 37

ARSCHIE ARG rh, T2 B LA B BN T BT AR T G A 7 R B T RN AE S Al
7 3G R W AL RO T L AL AR B i B T T A Al AR BB 5 s L (H A A
T BCRE 55 B AL, i T I Al AR RE 7 B & R R ST Sh E A el AT BEA T
G, 5 Ue R I BL AR B AR 2 T Al AR PR I R . DR AR SO S HL AR AN B B B AR
T2 85 LR AR 7 2R T8 HEAT G

ARSCE RIS B 1B BN BEA TN o i T e N A ol Bk A e SG BE
38 0V LI A 4 SR A 2 A DRI AR SO ST T AL A BB S B IESR 8 5 B (TR AR 22 B ™)
FRIE S5 532 5 JF (T AR R 38T ) b iti A B2 R BCHR O3 T DR IR , WF 5 £ 5 R 45 40 11 e %

R ORI NB 1B 0] ] 1 Ml Al 17 BE 57 8h 45 48 52 W A T 45 R AR SOR B RE 57 3l 23 O e B RE
55 3 MR B2 BE 57 3 , i B BE 97 2h B 35 A B AR A L 7F 5% A, AR B RE 97 3 0 D s o A el B AR DL R
F LR 57 s o R OB (1) —(4) =kl Tk HLAS A8 2 X i Ml 4 Ml = 45 58 57 3 1 R
A0 B8 522 W, 0 A e A 2 A ol R AT A o B BE 55 B RO X B, FE b, 5 (1) (2) J2 0 Tk B
N8 185 R A MV AR L T 58 A Cmaster) JEA BRI 200, 510 (3) (4) 230 T Tk UL A% A8 185 38 4 Mk A B
A Cbachelor) AN AR, 51 (1) (3) 42 1 A ol [ 5 2800 AR [A) 207, 310 (2) (4) ik — 28 5 1]
7 3l T R TR A Ml 2R T R R [ A 4 AR L S5 SR B R, Sl Tk ML N R A A T O
A RE 55 3l AL Ak o 9 F (5)—(8) 2 T Tl AL 2% A 3% %k il 32 Ml Al AR
T B8 95 3 T i 1 00 5 i B A R A e A Ml e ) A A £ BE O S N RO X B(E, R, 1 (5) (6) 32
Sl T Mk WL s A8 37 X il v b AR 5B BHAE Gundor) A B S2 ma, 51 (7) (8) & 3l T Tk Bl 4%
N8 3 X ARl i LR 27 i Cunder) JE AT N BRS04, 51 (5) (7) 45 1 17 A 151 5 24002 A1 18] 2
J7, 31 (6) (8) ik — 28 Fa il 1 3 i 2= oh A0 A My J2= v Bl A 1) 722 Ak i) 4 o A2 B 45 2R S o Tl AL
i N5 F P2 v BF T 3T P o ol A ol AR BB 597 B TP Y R AR R B AR DT ) 3 AR 4 fiE
55 B R D o B 2 IR A 3 ol A Ml AR BE 57 Bl R IR R i RE 9T B E RO 5 B

OO T IE, M &R,

@A IC T4 FVECE SR IR T CSMAR KU A o SR B Tl A b 85 P2, b T N RSO BE AR 5 fHL b T 28 AR
SR - E DO N O 1 2 i S L P = R G /AT T = R 1o = TR O R [ A o < NP = Ml W /AN B € 1 N1
AL FE ] 3 ol Al 3 AL FE M 55 ol Aol = BEAE A 1 T BT IR 55l X 43 5 1 3 L B A 56 1 A 7 IR S5l .
FF UL JERBE AR SR T w B R R Z AL
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AR AN T AR TG 3 AR A T AR TG Ak R AT A 51 57 3 AR 7 AR AR, kN
7l A

A9 WMFTIUMBEALEGAN T AR

A (1) (2) (3) (4) (5) (6) (7) (8)
master master bachelor bachelor Junior Junior under under
Inerp 0.2650 0.2825™ 0.1207" 0.1284" —0.1064" —0.1054" 0.0606 0.0834
(0.1206) (0.1202) (0.0680) (0.0679) (0.0629) (0.0630) (0.1296) (0.1300)
Controls i P i 2z 1 P & 2
Firm Effect = = = = = e e e
Time Effect = = = = = = = =
N 4450 4450 5825 5825 5759 5759 3633 3633
R? 0.8982 0.8992 0.8713 0.8723 0.7700 0.7699 0.7107 0.7119

E: AP FimEffect A 7o XB AN, TAR,

FE B A SCR 36 T ol FLAS N8 3% 04 AR 77 R R T RN . AR 3 SR OP J5 25 (Olley &-
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Urban Industrial Robot Penetration and China’s Manufacturing Exports:

Evidence from Multidimensional Data

YUAN Jin, LIU Qiren and ZHAO Can

(Guangzhou University, Guangzhou, China)

Summary: Robots are known as the “pearl at the top of the manufacturing crown”. The robot industry is not only a
representative one on the road to becoming a manufacturing powerhouse, but also a key one in promoting China’s
manufacturing industry to become high-end and intelligent. Existing studies have mainly explored the impact of industrial
robots on China’s labor market, but have not examined the impact of robot penetration on intra-firm product export
behavior from the perspective of regional heterogeneity.

This paper constructs an indicator of the penetration of industrial robots in cities, which has important economic
implications. This indicator takes into account both the comparative advantage of cities and the impact of industrial robots.
The larger indicator indicates that a city has a greater comparative advantage and is more exposed to exogenous shocks
from industrial robots. Using the constructed penetration indicator of urban industrial robots, this paper studies the impact
of urban industrial robot penetration on the export of products within firms by adopting the four-dimensional data of
“firm-product-export market-time”. It extends relevant research on China’s industrial robots from the labor market to the
product market. The results show that when the penetration of urban industrial robots increases, the export value of
intra-firm products in the destination market tends to increase, which is driven by the channel of “price reduction and
volume increase” of firms. Specifically, a 1% increase in the penetration of industrial robots in a city significantly reduces
the price of firms’ product exports by 0.050%. By lowering the price, the quantity of products exported by firms increases
by 0.125%. As the “quantity effect” outweighs the “price effect” , the final export value of products in the overseas
destination market increases by 0.112%. Thus, in general, the use of industrial robots is favorable to firm export
performance.

Mechanism analysis shows that, on one hand, the increased penetration of industrial robots crowds out low-skilled
labor from manufacturing firms, but favors the employment of high-skilled labor. As a result, the human capital of
manufacturing firms rises with the outflow of low-skilled labor and the inflow of high-skilled labor. On the other hand, the
growth of urban industrial robot penetration is conducive to the improvement of firm production efficiency. Finally,
through human capital upgrading and production efficiency improvement, firms can achieve export growth through “price
reduction and volume increase”. Further analyses show that increased penetration of urban industrial robots has a more
significant crowding-out effect in low-skilled industries and low-income groups.

The findings of this paper illustrate that the effect of industrial robots on the reduction of product prices favors firms’
use of price competition (price cuts and volume increases) to take advantage of the international market. The use of
industrial robots has improved the human capital of manufacturing firms and increased their productivity. This indicates
that China’s current policy direction of vigorously developing artificial intelligence (AI) deserves to be affirmed, and Al
can still release a lot of scientific and technological dividends. In addition, when the penetration of urban industrial robots
increases, the export value of labor-intensive and low- and medium-tech industries grows relatively fast, and the export
growth rate of central and western regions is faster than that of the eastern region. Therefore, in some central and western
regions where labor-intensive industries are relatively concentrated, and labor productivity is relatively low, the
penetration of industrial robots has a greater role in promoting local export firms. However, these regions tend to be areas
where industrial robots are less used. Therefore, the industry ecosystem of Al can be further optimized to promote
coordinated inter-regional development, especially in the central and western regions where the development of industrial
robots is relatively low, with a large potential for development.
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