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FER Gy i BE RS A T SR AN T B )l , E AR R S N R A R
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an Y E o Bk UE, H— RS 5 FE R BCFE AL R bR L R R 2R SR
ASOR BB A HE A %) A T3 B, 3 1 S s RS A5 , DA R B 7= i 7t D T S I B R
Se R AH, B 340l 5 4 10 T3 (Branstetter and Foley, 2006) , i858 i3 B AR AT A& XU
SRUE PRI S R Al RS AR A TR RO A, 8T L R B i, BT R A -
B AT IR (8 PR SRR AL, B 2 itk N TR ReRE (= il b =, %
FME BILZ- & (W TR R G BT R P B S8 R AR 4 3 RE
AR T R PR = A FE DR R A 1) — Bk, e & R 22 5 S A2 2y 11 [
I, Ay b T T A BT AR e S b o B T A R BGAIR B I A S R Al S A
X A A b A6 BT B T A A AU T3 oK B, &R S ] (Maskus,
2015) T LA EAHT, FATHR- A SR 2,

BRI 2 : 205 50 ) AL 38 33 32 SH A KT Sm iR BRI KT 2 AR BEA LA AR
ARy o,

(=) B0 52 5 WA R A Ak b

BT R o A R BT 2 T RIS 52 28 ) BE 22 276 VR B, R 5 % e 1 51
R DL B RO S A BE L AR SO R B BRI R B (R
R PP AL SCAS | TR AT AR 8 S5 05 7 ) B8 1 R S D e PE B % (Pomfret and
Sourdin,2010) . PIHAERCFEBFIAR, BUCF 5 5 A H AL AVE FI) Ak A B B BT
S EMEZ EE, WNECFR 5 A BALE B0 i AR B R 8 253k B 1k 5297 b
BOE I 8 85 7 i (I 55 ) R T 37 A B, AR A T IS ol B8 e T 3 o AR 22 AR Al )
T UE AJSAS S 10002 3 N R R RE A 7 o 0 [ B B2 o 5 A ML A5 IR 55 (i 4 ARl
FH BT B0 BN S0 S 1A EL I L 3E A% A5 R T e PR BN AR B Y
AAHNARAFHN T 1T [E A SR 2%, 37 5 18 1o 28 4 A 585, IR ARTIT S v A UAR | At ik
N T BEREE P A B 1 (Fernandes er al.,2023) . WNECF SR B ERLE  BUF R
B I A 2% g N7 7E 50T B il 5 it A R T 4 ) I B A A AR R
AT AL 52 Gy il BE SRR Y, W S B TS 58 32 5 TR ROR , B T 585 B2 o) UAS | B Al i
EPrFA Y . H— RS B FE4 AR TEL ST 50T 51 5 R Ak S0
it 284 L RS RSOOSR B I AR 1) B B AR A B, 98 N T A B R T R
0 AR RIBE T 1T S PHAT 1) B ) A RS BRI AS A1 i X B2 5 (Wiilson et all.
2005) . H ., 57 5y WO 7 W E 25 CRE 0 2 0/ i 3 S AR T I 1) £ AN X R s £ A
R T B A S LS 2% AR Al 1T AN B P A, (g 3 0030 [ 5K
B [E B 52 %) (Duval et al. ,2018) o 5T LA E 44T, FoA T4 M A SCAlidit 3.
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xR RBRME NI

NS

B3 3. 2 F 5 2 A0 38 3 AR i 3 5
EOR: 0= g8

(VO b [ B BIp R 200

T o 1] B iR 9 A i AN R ) o B A A O o TR ORI AR & L
Jo B SR A T T4 /)N 22 53 50k i — 0 (Schmidt and Steingress , 2022 ) . 52 5 4K A 8]
AR B AN, T DL i e — {5 B R CAnes R i R DUl v ) RT3
8 BLIN) (40 Be 2 0™ s S AR S 2K ) A R Al S B AR T R A B
ANKIHR Wl 20 R AR 1 22 S 17 | K 1) BR g AR, i B2 2y XU A B il e 24 %8 11 B
Sy WUBE 7 A B2 TF 1] 5% 0 (Blind et al. ,2023) o K5 52 5 B0 o 9 N T8 i 250 2%
HOR Z5 3N AR HE DR 25 308 3 FLTE N T BRA T FREE AR, £ Xl N T8 fig
B R G EHEMBORIEE , LRG3 X0G E BR AR fE P, B AR AF BAXTFR, 1
BORVER T B 22 3R T AR 7 38 A B B XN TR R R E AT, &8 AN T
BRe i EBR RSP . BRI S WA HWAE e 58 R % 42 Al
PR B RTE o Y AN R E R G — i AR IE B R U B R DR
BOR P ] 5 ICTC A8 X 2, T3 R BE 2 7 R (WL R AR & 52, 2005 ) . BUF 51 &)
FU e N T2 e A58 24 R S5 3 B TN A Be b AE N T e B AR A ™ S i A=
AR A TR BEEEEK, 42 T N T RE 7 g H B T 3 B Rt ) AR A AN
RS | BRARE A B2 By BE A2 RS 1] 7 i M0 A B 42, T4 2 R B it 1) [ B
oo WIH B MAE  BORARUE P SRS DA TE R AT A JE Al R |, 2 7™ il ot
Y H BB (UL R AU 55,2005 ) o 38 3 il 48— 77 i BT it RN e b IR 55
ProfESE , TG B RS OC T i 10 S A R, R AR el S A KUR: L DA T AR i AT
BRE A a

B2 4 2 550 ) 00 38 T AL 38 U3 A B BRI, 3 AL A LAY SR AR A 2 S
e,

K 5 B, e fm A LI R S

\S

M R

(i
TE 455 W15 vh ) AUEE 22 43 ( Difference—in—Differences , DID ) 45 5 3P4k By 5% 52
Tit SR AT SO FAE B P IR B 2 AT AR o 80 52 2 W ) A= R R B 9 1
SRSEH o RSB PTG O N R BE A 7 it T A 520, AR SCRE 7 22 0 DID A8 AR
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PR 52 5 W) A A5 sf [ 2 5, TR0 17 AN [ 98 BR8] 8 28 1T 8505 57 2 O L
AR B E 8 O AL PR, AR 21T H 52 2 BN 2 28 1T 805 52 2 B (E
RARAIRGH FEIF VA2 APl 4 o A5 A B 5 4 ] 20 B9 B 5 16 280 57 2 F A= 5
N R BEAE A 7 it 111 6 ) 728 Al B SR ], DR 507 52 2 R0 A R4S — 3 TRl 1 22
PRA R X — 1 F ARSI AL BN o FH G, AR SCR g AR R Dy
InAl,, = B, + B,did,, + B,Controls + v, + v, + &, (1)
Ho iy o p e Fem i s 0 E TR BERE = S AR . Bl R
A In AL, R 0 E 5 0 E A BN TR BRRE 7 5 p (4t 5 5 B X AR
{8 did, AR SO A 78 o, 0 SRt O D G R 11 [ 5 7 o 30 L 8 1T 480 52 0
He A%, didﬁ,Mtﬁzﬁ 2023 ¥ 1, BN 0, Controls FHm— 2572 i A E K
JZ R AR 5 v, Mo, 230 27 [ GE6F [ 2 280 A ity X B[] [ 2 5800 e, 2 BB AL
RIS
(Z)EOTatR
LN TR BERE R i i 8 (In AL,) o SXJRAS SCAY B A RS o, 48 ¢ 4F i [ HE 1 3
JE BN TR RRAEAF 7 i p S 2 B X5, Bk B A SO g i N A Re R 7=
NGO BN A C L
2B RGN (did,,) o XA SCIAZ O i B A 1, LB 58 50 J0) A 5504 1y
SRR b i) A 2R T R EE T AT R A 5 A FATE ¢ AR AR AL, W did,,
M A 2023 4E 00 1, B 0, 8% 2023 4F, MR 4G WTO ‘B W8 | i 75 4% = 34k
R XI5 B U 5 (RTA) 3t 367 4>, MR 46 Monteiro #1 Robert (2017) B BEE , AR SR
TV PR 05 A R FE 2 16 & A B 52 5 e AR, — R S A 7R 55
BB A 5 TR RTA, 02 0 & 507 51 5 2 iy B TSR L R 2% 0
LIRS AN N O S R BTN SN R =N B TR E a NNER S LI 2582 A o R o |
HLAE) o
3.EEMI AR R AR IO G E K2 T AR R 7R A2, TR
il #F 171 [ HS6 A7 7 i )2 TH B3 o T AR SCE W90 (0 02 N 8 B R 7 i i 1
1, A7 AR 1 7= i J2 T B S5 N A8 BB A 2 7= i 14 1 T I A O, B R o B
WTOBHEE . fEERKIZMH, — X EREEGA OSSR N TEREARRE T17
SR, % AR BUE AR PR R 8% 5 0, A T8ds 40 i A
R IR 55 PR A5 5 N TR REAH G B AR 1 5 Ry 5 L BR A s e AR 2% B L CROAR
Al )2 T 5 1 A5 3k T SR 79 FH A I0URIEE AR H 1 5 g LRL f) Z2 LA o
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B R /INGE R SRS, = BT SRR Z (S AR B TR
A i 2 32 2IRR ], H AT aAs S E B A SeE 4542 5 A SCR 0 ERTE
][] sl AN S8 T CRL ARG P e YDA e SR O 75 00k 1, A o2 75 o 11 8 4 R
FIERVE,2022) o R YAEXN EZRBA ST X 5 e . RIX 5 KI5
SE FIVEC 52 T MU ek N T35 B AR 7= i 8 0 A i, o A S R R 0 S T e, A1 ]
AT S RGH E S8 & A 21T IR 2 U A 4l A 1, B ok A i St Ar 4
BRA B 5 5 o B e

AN AR SCR TR N T oA 1 5 2 1h0 s 1 A8 6, DA iff [0 58 )22 T ) R 96 2 e X 4
ST B w5, AL L O L REE R 2R R R (AN E N A S VED |, ik B i
FHRATEAE PR 5 0 ERE O E R AR AACE (55302 55%) Bk IR T R R AT
B 5 LA Bt 101 R T ] A 0 48 S TR (22 4 LI I AR 5 g gl ), Bk
VR [ bR i (5 0

(=) RTES T

MR N TR Re £ 4, A 2012 4R 2 N TR BB AR B B RiE, 5 A T4 e
A 2 ARG Bl A A8 2R RN TR ReAT I XU #5 ¢ ARI g 4, N TR REHOAR I ]
S BG 256 A AT 45, SE B T N — U 3 2 el Bk . IR, AR S0k
IR FEAS I 18] 905 Ry 20122023 4F 7RSI BRI - B s sk R B2 i E K s, e
1794 1 E (135 A4-3F FE R 1104 HS6 7 A N T e RE (7= i o & 1Rl 7 1%
RS T

*1 FETENHIBESIT

Ak S ¥iE  AeMEzE RME RORME
TS B 7 i L 10 B R 20246212 0.355 1.486 0 24.530
0 [ HS6 F= i B R 29246212  0.705 0.890 0 16.700

BN SEEA A 29246212 0.299 0.458 0 1

WA KI5 e 29246212  0.240 0.427 0 1
O E Sk R K 29246212  8.784 1.414 5.268 11.803
0 E 25 KRR 29246212  8.447 1.319 5.268 11.597
0 E A FEAKE 29246212  6.080 1.297 0.028 9.791
i E AT RAKT 29246212 6.121 1.329 0.054 9.770
RENSEESp &z Sl 29246212  0.028 0.270 0 6.288
bii eSS 7N Y 29246212 0.029 0.310 0 6.288
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HFREMNE AN T EEEEMG~MmE O

(—) JEk 1) 2%

RO THMERNARAG TR . S (D IUN AR O iR

5 EEHBER

e STV ]

8007 S UM BOAG TE RBURF O IE o 7R EERl B 28 (2) 51 Ao ™ b J2 i A4 42
il 2 e RIVEE 11 [ HS6 (A% 7 ity J2 T B 246, A% O i R A2 kR il AR BUHROR S 38 0 1l

BRI R 2R 1, 2
XU FE 5 10 k0
Al GBI 3 T AR OG . 5
BG)FDHIMA TERZ
T 2 o AR L 2 (3) 81 Y
P ) A% A 6 XA e A
Hh A T A R A G
RAEEA T XI55 U
E 5 55 (4) 5 1) 4 il A% i
5 0 O R O 2
KRN N TTEAIKF,
DA K H 0 A T A A
FLVFHA, WA, AT
il GH 55 7 AR 2
T X LA U000 g PR 28 % 32 o
(] U5 PR 5 ], S SCAE T A [l
U PO AT R R
A7y T KON, ELAAR [ )
B2, MWl i
[m] 5 4% O i T 8 k1) 2R K
KR ENIE, RIUBTH )
U ) A= Bk N T2 R
PE= S B B3 IE
A

TEFZTE « 2026 4E%5 118

x2 BEAEPLER
(1) (2) (3) (4)
did 0.081°  0.081™  0.083™  0.090™
(6.504)  (6.549)  (6.705)  (7.539)
HE A -0.027""  -0.027""  -0.027"
P R (-16.260) (-16.240) (-16.337)
BN REH -0.567""  -0.525""
A (-9.416) (-9.113)
MR &L 0.014™  0.023™
XI5 5 Wp g (2.822)  (4.923)
O EAY 0.038™
= A Tl (8.201)
O E A 0.074™
A Bl (13.745)
HHEAT 0.010™
AR (13.364)
HOEAH 0.004™
BEA K- (5.153)
HHET 0.162
R (16.843)
1 E T 0.088™
S S (8.931)
R 0353 03727 0.539™ -0.531"
(1241.536) (314.103) (29.646) (-7.883)
BURINER 29246212 29246212 29246212 29246 212
R? 0.457 0.457 0.457 0.458

DL A SO E RN 2 10 R3S 365 N RI(E A ol "
HFINTE 10% 5% F1 1% WK b 83 FrA A6 T
P ORIt e O i S VA = i

« 48 -
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()T ER R

— B AT R B VAL o fF H DID # A 2 R 17 B F IR E (Angrist and

Pischke,2008) , X %2 3K 4b # 21 5 4 il 4 #E %k

2z 557

A

oy WU A BT — SRt 10 5 5

s, A SO S E Mk AT T AT A 5, ARy 52 5 AL A 55k 24 10
HBEME , EAF XA 90% , K 96 45 AR AN 3 B o 1R BT B B FUOU A 3T, REOFA
BE 5T 0, UL AL B R il 41 2 RN AE B 35 22 57 1R S MU AR 30U, &
BOREAR 035 O IE, Dd 0T 52 5 AU 8 A 200 N T RERE A 7= it 11 B 3 T 1)

PEHEAER -
020}
0.15F
0.10F
=
P
005}
T T
0— & $
005k ,
3 2

TR . R R
S BOR AR 8 O 2, JRERAE T
FEE A 1) ISR A% o AN I A BUR U
JIT AT DA HE o 55 48 T 32 WL 5% Bt
BB PR 28 6 b B0 20 11 5% 0, DA AG: 36
A BSOS E T o AR SO 3 B i
Z5(2025) ARG , >R R LA BT DID
32 IR Ry B4 A o A0 o, R A A
FOLfigp % 705 15 T T X R oA AR R 0 AT A
T, B 4904 T 500 Yk “Eh AL FEZH Y
b TT 28 B0 5 B DA B p L1 43

BRI A,
B3 FITEBRIEETER

0'| 1 1 1 bt
-0.004 -0.002 0 0.002  0.004

o pfi —— KA

B4 ZEFKE

0.006
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A7, 1A R 3 5 v ] v (g S PR, 2 I AR SO Il )9 45 SR AR fee

734,25 B Callaway and Santanna (2021) 5 J 5% %5 (2023) fHF 5%, A SCib M HiAth
A AT TREERE S, AR AR e LA 5 R rT S . — 2 iR, oy
13RI 22 W9 X 2% 43 ( Difference—in—Differences with Multiple Time Periods , CSDID) 5
65 1) 45 43 VG Jic - SE 22 433% (PSM-DID ) S AEAS EA T E TG 11 . —J& MIBR 2020-2023
AR BT B1H DLHERR BRI S o = S A O A 7 6, MR H 75 55 s B2
Sy USSR B (Burri and Polanco, 2020) 5 SCEEE |32 0T 52 5 453K, 43 Tl Fg
SR St BT 5 S R RN B o IR R B AR R FE R A T DU SR R % <™
sty T [ 1 52 R0, LA 42 o 5 it a4 10 R 7= gt )2 v L R i) J2 1 A Ak A AS T SR
DRI o TR TS B SCR A ORI A o708 1 K A% O 8 A 8872 6 4 3l B 46y Tl
HLER S F AR EORN 36 BN T Re 0 it s PV AR BU S AT AR R A 3. DA AR
e G 0 248 L5 A U 235 SRR, U0 A S ofe [l DA 45 SRR i

(Z) AP

HF 5 Ty W0 5 N T BB 7= i 1 1R BB A — 8 N A R ), — T, YR
AR 55 Y 728 5198 5 M (A g ) s 2 TR DS T W fg R 2R A5 ) 5 oy — T, A
BT 52 Sy B8 N T RE Ak 2 T T A A Sy 76 P L B2 ) SRl RS2 B s =z I
FIREAE —AAAE S RO R o TR, A SO S 42 7555 (2023) Y 7 ik, il FH SR S Ak
P 5 5 = A B B 5 U o T AR B e T 9 AR A B (Count,, 1V) o R
Jei PR S ik LA (2023) 7 i 1 A B T RS i A T RGH E R 1T 8T R 5
W I 4BE R (Prob,, _IV) , LA

(TR RPN MAERBEEASSE

RN RS, TR “’ )
- . County, IV Prob, IV
i m A5 R LK 3, Ho | 0398 0539~
Kleibergen—Paap rk LM Fi did (5.555) (10.988)
Cragg—Donald Wald F 4t i1 P Az Pl Fieil
AL T THA RN Kleibergen—Paap rk LM G5 ? 3%'5;; ] [‘ggblolgj
SAS A T2 AR 5 55 1R 5 e 870 082 1722 629
E@}E{Eﬁrﬁ ’ U‘E% [/JJ:%/I\I Cragg—Donald Wald F 4t i | & [16.38] [16.38]
HAR B e B R A B . BURIIE(ED 29 246 212 21324 483

@ BRTRE, R eI AT LRSS AR LA T Rl AR SCRb FERERHR 5 2.
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() I, A% O R AE B A T RS-t 5 BEME [T 45 2R — B3, R IR S I A 2 1P ) A
Jei , B2 [ G St 52 oy TS RE A i N A REREF 7™ i A 1 1T

CPE) AL G 36

AR SCHE— ARG 52 2 FN X N T2 REAE 7 ity s 52 1) mT B e R0
Z:7% Liu and Mao(2019) FYBIFFE SEUHFIHT SCHIS 43 B , B0 25 52 it s &00 B0 ™
FARAFEONE KT 57 S IUAS BT A58 E LA B s o [ B B 8 28007 4 A HIL ) ) LA A 30 20
BIRD,

1B 5 35 U sl 80N, RO L A 56 o U320 [ R 5 5 5000 i e e LA 2, AR 0Bk 5
TR R AT Y2021 AF B 22 ) , fi i P A B2 A o 2 () o 3B X 7 53
P o o IR P el e i i ) S DX 30 5 ) T 2% 21y 0, 3 R i A [
) 5 B X 1) EL IR P I 55 42 A4 7 (ISP ) s 5 v, S A7 1y B i) B U A, K
ok F EPRAEECH . i T E PR BN 582 il A8 i, AN L2 Herman and Oliver
(2023 ) B At , Ao P 3 0 T 10 ) e K ) o LK P92y A4 DA X3 [ % i 5 3l
Ui B AR R0 0T 51 5 ML A A R0 5 e A 4R T B 5 e e S e N T
REAEAF 7 W Y S F1 o IR 428 (1) F 45 3 AT 0, K00 52 2y IR DD 3 5 S i i A 25 1
[ S, 2 W X320 [ 8 St 80 52 ) L RE G 4 T 5 B A i 3 , e AR 1) s i A T
B RERE 1R i B i

*x4 HHE I R R
(1) (2) (3) (4) (5) (6) (7
B B EAL TR 5 A FrEE PR
HREIE A PRI R AR A5 R P RRL N
In datay, In IPRP;,  In pat_cp, dstriy, dify In stc,, In stand,,
did 0.189™ 0.034™ 0.014™ -0.007" 0.047" -0.080™" 0.019"
! (5935)  (2.445)  (3.166) (-1.777)  (3502) (-18.388)  (1.710)
e 8.783 0.469" -0.008 0.493™ 0.826 -0.050 -0.062

(30.705)  (11.419)  (-0.310)  (8.695) (12.349)  (-1.172)  (-1.443)
SO 176 458 131 161 271 370 52171 190 442 271 370 160 331
R? 0.926 0.254 0.644 0.860 0.877 0.570 0.935

VLI < ImAJEE [e U ey [ R 2 T ) A A, P 17 I SO R {7y [ 7 2000

@ FEIESCHLAI AT 3R b A SC S S N TR AR A SC Y 4 28805 54 5 U, 85 % Burri and Polanco(2020)
T2 19 TAPED %048 FE WA 2 4, XoF 4 8507 57 5 #L N 1) 20 73 7o — IRl 5 1A AT 43, B R 45 4 B AL AR A
XiF 07 114 4 2B 5 50 IR B, 98 30 3 1R 5053 590 2% B0 51 ) S DM XS AR IS AL A6 25 4 5 0, LAY s BB AL
WA R G S o BT R [l U9 45 SR DL A ) Yl A SR b FE A RL B 57 3
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2 BT AR P RUR RS LRI B6 . XU A T8 RE AT 7 AR P AU Bk
SRR [ S AR T AR = R AP 5 L 3045 1 A 11 Al ) i =
RS R A DG . — D5 T, Al 7 Y % R I & R SCA B i S B0 BB R
itk 25 AT A8 A A=A IR S5 ) B, HUA Y H A AR AR R B R i, Al A B
AR LLATFARAR” , R OB B AT ™ i HE % F (Teece et al.,2018) 3 73— 7 1HI
A ETESE O E N TR R R A ES S 27— R BB 1 E AR
L R PTG R 2 | SZ B0 AR AU A BT o R = AR 4 B
— AR RS R B 09 % T8 FF , & Ginarte—Park & FIBE 5 (G-P L RIFEE0) 7
LU0 In (WEF) (Y RITE = AUORA (IPP) DL K R Mk AR 3K R (BSA ) By 5 iR £5 i A AL
S, AR AITE 0-10 2Z 0], 4340k | ZR B E AR K OF s, EdiioR A
B = AR 2 o PR AR T SR AR B T 1 A R N AR R AR Y [ o )
RO B A, B0 R BT SR P AL U (WIPO) AT BR & R G T HUE 72 (PATSTAT
Global 2023) , 1, A U MEAYLE 45 (2023) 1Y 7k A 1 B0 T8 REAT U8 701
PR AR AR i, () B by 42 ) 25 ) Rl s R B A B A A 22 5 SR A 1
e 1T A Be U ] B AU 11 4R A st ) L BRI AR, XL
PR EGHAT IR RE oS3 4h AR SCS IR 4 BHAT Y 21 FH (2022) I IF5E, XX
— AR AT X BU AL R T SRV A BB S A RS I, ELARAR AR R -
(IPRP, + IPRP,) _patent)]

2 patent,,

Horf IPRP, . IPRP, 3 5 i FE 151 B A R = AR 3P F8 5K, patent) Ipatent
RFE AR 10 [ AR R O R AR N A R s ] B RO o 2 4R L R B
(4 L, IPRP, SR AR 2 Wt 11 7 11 [N T2 7 B 32 B A 3 R P A A
KPR R Z RS e KT N T BB & A A TR v ) i SC S A = S 4y, & A
HdiE ok H PATSTAT Global 2023 B4 4 , Al 125 5 WL 4 565 (2) 51, Horp, B fig B s
S R BN N IE, 2 IG5 0850 57 5 O ) A= 50 Re S 35 B T N T g el
SRR AR B, HE i AR N T B R 7= i 0 R B 52 5

T3 M BT R PR BRI B R A A A — B0, A B T RGA A A
LRI, B et N TR AR AR S i B2 5, BRI AR SCE TR SGH R R N T3
R AT ) B A 1 A UK A9 X 50 O S B30 U 7 A 47 55 R ) L i A

IPRP,, = (2)

O HEREELHIE 24 LM EASH AR TR —EZR,
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(In pat_cp;,) FERFEATRE 0 o 31X —H00E 8K 3R XU B 8 AE N T e s i) & 1l &
VER R 2 | FLAE 2 U U™ B AR 3 B b s, [ B G 1 2 R B8R
K B PATSTAT Global 2023 £t4fs 4 . & TG 4F B il L A AR, A SCIE S TR0 0K
AR AR PRI SR T LR 2K SR LR R LR R S
PATSTAT Global 2023 %48 R $& (1% % R 1 3 (280 5 L HiE (BRAO) N TR W BT TE
L5 AR & R 2 A 50N VE T, AR A5 B0 1 58N T8 R 4L 45 A % M2 ALK
Pt o ANTHEE R IR 456 (3) 5 A% O MR8 1) 2R U 350 I, 2 B 0 [ 5% ) 407
52 7 H ) £ SEZ it i 2 A A N TR R AT U [ B A e A, i AR TN T
BREREAE S E

3BT AR AL R 55 o 5 T O 3 U - 58 5 AR I 8l , A 3043 3 A
B o A AR B BT 5 0 R R P A % BB R AR . T 5
Gy A AT A SO OECD 3+ Ik 55 52 2 Bl 46 £ (DSTRDAE A U557 & H Hi 4k
T (A QAR B (dstriy, ) , 45 OB IX 18] 2 0— 1, F8 508/ MRS BUh B 5 807 505 A
PO R g, BT B2 o AR R, B8 X [R] Ry 20142023 4F D, e Bk — 1 HAE 2 1)
BRI AE T — 07 T B IR S5 5 5 B il i 2 A s e B0 i 55 5 5 R I R R
T Tt EL 5 X 4 B IO W A HE 2 R 1 55 WA B L BUR D 5 S AR R D R At
B 52 oy R I 1 it S R, A5 AT 5 22 25 PP A 0 ), BT ELAA b AL FL R 45 T
e A EER B 5 IR 55 R MV AFAE R B AR IR 55 AR b SEAR A A B R ™ BE B IR 45 4
PERT7E LA 5565 10 R R B " A X BT IR 55 52 2 ) B AR R VTA B IR 55 52 2 B il 4
BORAR, VB 50 2 AR RAR . 59— D v, N T AR (7= i 38 5 P o 2 1 T 1 ik
# BRI Ss 5 a 4828 5y , HE PR 52 5 S8 IR G5 3 AN T 43 SGh R IR 55 57
5y BRI 8 BORRAR , 52 50 BUAS ARG o 4200 Ak R A0 ek 1) [ 0 65 21 L3 4 55 (4) 371, R
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Digital Trade Rules and the Export of AI Hardware Products
Liu Bin; Zhu Xiaomei; Li Chuanchuan

Abstract: Digital trade rules are not only closely related to services trade but also exert a
significant influence on trade in goods that embed digital services. This paper examines the impact of
such rules on the international trade of artificial intelligence (Al) hardware products from a goods trade
perspective. First, it exploratively constructs an identification framework of “Al patents — ‘broadly-
defined’ Al enterprises — all import and export products — Al hardware products”, and by leveraging Al
patent databases, survey data on Chinese Al enterprises, and the UN Comtrade database, it constructs a

“Tracking Database for International Trade of Al Hardware Products”. Second, the paper systematically
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reviews Al-relevant provisions within existing digital trade rules across four dimensions: data
transmission and management, digital intellectual property governance, digital trade liberalisation and
facilitation, and digital technology governance. It then explores the mechanisms through which these
rules affect trade in Al hardware via four pathways: cross-border data flow effects, digital intellectual
property protection effects, digital trade cost-reduction effects, and international standards harmonisation
effects. Finally, utilising the enactment of digital trade rules as a quasi-natural experiment, a difference-
in-differences (DID) model is employed to analyse their impact on Al hardware product trade and the
underlying mechanisms.

The findings indicate that enacting digital trade rules significantly promotes the international trade
of Al hardware products. This result remains robust after a series of robustness checks, including
changing estimation methods, replacing core explanatory variables, adjusting fixed effects, substituting
the core dependent variable, testing for omitted variable bias, and excluding the impact of the pandemic.
Mechanism analysis reveals that digital trade rules influence exports primarily through the four
hypothesised channels. Specifically: (i) cross-border data flows enhance product regional adaptability
and diversification; (ii) digital intellectual property protection improves the bilateral digital trade
institutional environment; (iii) reductions in digital trade costs lower both market access barriers and
efficiency losses in cross-border transactions; and (iv) international standards harmonisation mitigates
information asymmetry and reduces trade frictions. Collectively, these factors are key drivers through
which digital trade rules promote Al hardware exports.

Further analysis demonstrates that the trade-promoting effects exhibit significant heterogeneity
according to the type of Al hardware product, industry category, and digital trade agreement template.
Regarding product types, the rules have a more pronounced facilitating effect on data acquisition Al
hardware, which is more sensitive to trade costs. Across industries, the promotional effect varies in
extent. Concerning different rule templates, the US-style template demonstrates a stronger facilitating
effect compared to the European-style and emerging templates. Therefore, improving and effectively
governing digital trade rules is of considerable importance for promoting the international trade of Al
hardware products.

Key words: digital trade rules, artificial intelligence (AI) hardware products, difference-in-
differences (DID)
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