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REVR L HE B, (HIF R B2 BT RE IR L R i R . JE— P A SCR 6 G HE 6 )R
A Sl B 4 Jm 5 29 BL QT IS, A5 R ANER 155 () ~ (8) SR, ROk
metalpvol FHECWZENIE . SHE S w0 K6 I 8l 0 Al OB 4 T 1y 29 B QN B A7 A8l I Y 1E
al SR, B TR AR Bl b TSl Al M S 4 s 1 20 LB

x1 BEOFEER. XBEBENMERITHEER A 6 F R0

(D (2) (3) (4) (5) (6) (7 (8)

F. patent  F2. patent F.cleanp F2.cleanp F.tradp F2.tradp F.savep  F2. savep

metalpvol ~ —0.0847 ™ -0.0242 -0.0489 0.0476 -0.1145"-0.1485"" —-0.0358 0.1232™"
(-2.6082) (-0.7442) ( —1.1937) (1.1210) ( -2.1083) ( —2.5857) ( —0.7446) (2.5696)

K
e

A & 2 2 b b= P & 2 b
TP SRR 2 2 2 i S 2 2= =
ol FERN & 2 2 b= b= P 2 2
Wald chi2 ~ 373.3729 254.3806 294.4490 224.4701 183.0900 139.8518 157.2308 141.2054

FEAR i 2823 2476 2526 2192 2152 1887 2208 1934

W R IR 10% 5% F 1% B K E SR 2 M1,

(=) LR

ARSCHEME RN ] EAT A ittt A0 o S 1] DRR A AR PR DA, il an B RE DR Aol o a2
HTHE T RE U™ il B S A B DT ool SCBE B SR T oK . SRS AN B A 7 Y
JRIESNC , T EOZITAV TR 8 1 AR B e (TEA ,2021) o DA fifp ke A AR P TR, 785
o FHIXH I REIRATT M L AN T A A <5 Ji A 10 s R M S < 2 3t 2 [ Ay M 5
XA N T A

F— A T HASE RSB REIAT LA o5 L /NT 1% 9 LME (1€ 808 Jm 22 5 B ) SR
BIRPAR BRI — T BB SR S o B G BT AR T 7 A R < R
PR B o, AN R 5 J 2 110 M OB R A A 5 . AR BR G R AU E b BB R 2L 5
IR T 2SR, LME JEAS G 8 A 0 Sl 005 RE IR OG B <5 Ja Ak 04 s 7 1 U S 3 1 285
J¥ (Bastianin et al. ,2023) . BEAN, T REIEA T LT AN T 0 G 6 A e sl AN K2
XZAT Ml 3 Rl B bt TR BB S S MR RE IR Tl ) S B TR A A D 5l
TS 2R REIRA Tl A A BB A T o o 5 — A T HAS R O bR v [ 2 S S B 4 s 22
A5 [ Y o G B0 MU AR SO 2R — o 2 o OB AEIR G HE 2 Jm FA s il A b B0 A1 A
Bt RO O KR R BROCHE 4 B R BE AR BB ) (B 745, 2022) . AN R IESS

1 KRBT BN A% RE U R AN BE I BH RE U A A B B A8 5 XURE ST R A R 5 A W) o e s 35 5%
PRk L B A RN 5 MR RE SN AR AT B RN BT BE IR A U A B AR

2 FRRTRRAE BOAE PG gk R ENEEJE PEE IER T RS T R R (TRENA,2023) . Bl b4 8
JE XU R EOK A Caldara and Tacoviello(2022) ,
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LA B 110 H 2% B0 B 0K Sy A, 3 2 [ 5 [ 2 [ (0 L 2% R i 28, B A AT RE T OCHE 4: Jm it
I 25 U B 2 BT (TRENA ,2023) , SRR A& B 8l thah, D84 a8 = 244, E7E
BRI BETR A R P i o B S BOIR IR A 2 388 5 T 37 e SR 52 i v 6 5 B U5
AT hy, TEAR ST RS B E 25 R — 3, R G R B Ra kT,

(=) Rt 5

ASCHE— AT N IR AR ARG I, A PR ES S T Sk 2 0 (1) BRI 1) PR 36 . R
FH OLS [al A AT R g P o3 B, Wi e A B Sy~ R AR i 1 DRI SR E, (2) e
DAL BP0 5 < TAE [ BR8] b o) T4 7K BE AN A RE I E A AL RE LI 2 RE
FEAEP UL A SO REAS I S5 RE TR Tl 38 BBl AT FH i, AL BKBEFIZRE, (3) &
FIREIHZE B AU 55T IPC 7028 S PRI REIR L AU AL SERE IR L A1), ForP B BE U & A1)
FT 2010 AEH AR AL LU (WIPO) KA 1« Bl bR L F) o 2 g a3 50 h iy m] B A
J5 Al s AR L R 1IPC 432K 5 LB RE IR L A2 T Noailly and Smeets (2015)
I Aghion et al. (2016) #2BEH) IPC 7325, (4) KBS RIS BB B PR & i — 20 R
SRR R A TR M AR B S AT BB i AR GARCH (1,1) JriB it sh 3
TEVHRCHE S IR N AR B SN — P A BR ] CRB &R 880 sh %, &3 Fid—#51
R, A SCEE AR IH 2 R 1

I L AR I 5 o4 AT

(—) LI R

L SCHEE R MR s T AR B AL

AR IS I3 AT | S o <o A 0 S v 0 ek < B A A5 AR T 75 P i A il
AT R B BRSBTS BB

R4 R SR AN AAE BT R DA Ml A T 1 S5 B <5 i A1 A% 5 20y IR 2 v e B A 4y il 9
TURE B R A R BT IR AR SORF Bl BT ARRE 1) A IR0 0 A BRAT DX ( bankfin |, R IE SN
KA T H AR X R0 |t 25 il 5% ( bondfin , N AT 5t 25 19 H 4R X5 400 i {5
( bussfin , AT WA S0 AN TSR R Z RN FLARRE) | B Jafs_Eodk =y U8 2
RS IS SR BE ( totalfin BRAT VTR BUFRGE RIS I Z FAY B SR8 o LAk, AR
SCASEFH A IS S -5 R0 R S0 A 2 N ) LA 8 o7 55 Rl B AR (_ fimcost ) o &5
W2 5 (1) ~ (5)FNFR . ERIRICHE G TR A M S0 S Rl B8 A 52 I O AN .3 (H 2 XA
7] i ¢ SR 7 AR 2 S RO, SR < R A Rl (9L T 2 U T Al Y o
BRI AR T, IR ANRR G ke 1, Al 23 I 1 ERAT DK, LA, S B TR A A% i 3l
FHM T Al T 59555 Rl BT AR

I R RBTER , 2 IR
2 DAREIRATIR, 2 LM R
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NS B 5 AN AT A, A A5 B2 7 T W D B 4 R M At e 3 i v o) 2 B M
BT R B A A, LIRS DGR 4 M A U Bl R i 28 XU . AR SCE SR B G
& @M AG W ST ML B AN 1 ( roavol | eV AFEE ROA W EATN A, PR HEAEAS
JIAE I BRI AEFI S PRAE 22 5 ROA BYBRMEZE ) M52, S5 2RUNER 2 26 (6) B s,
SR 4 TR A 10 B0y 1 T2 S 2 08 o A %) 28 R B, 35 e A A o I B AR 1 28 KU
b2 b AR SO PB4 Lo (b 8% T3 4 f1 s Gy M e g 7= 2 M S = B 2
E) Sty i Al R & F5H K- cashhold | FFAER 2 5 (7) B T 190 - fith 5 25800 G
g iR, GG B N AR ISR I G R A KV A7 7R 035 1Y IE 1w 520, GRS T 19 B P A A A%
N FAFTE

®2 BRI XBERBMNENEN THEIFRNRD

Sl EE S0 I fi 2 Ak
SRS BRATEEEC BURMESE BRI EERORAR BAEh BeRRA

=i (1) (2) (3) (4) (5) (6) (7)
totalfin bankfin bondfin bussfin fincost roavol cashhold
metalpvol 0.0019  0.1700% —0.8114** -0.0239* 0.0030"  0.0022"*  0.0050**
(0.3460)  (1.7729) ( —=4.0076) ( -=2.6520) (2.4084) (2.1244)  (2.4979)
Pl As B = b= = = = b= =
Fisk ] 7 4T3 = = = = = = b=
Al [ 72 SR = = = = = = =
FEA R 3153 3153 3153 3153 3153 2200 3153

WG R 0.9848 0.5721 0. 4521 0. 9587 0. 1660 0. 5553 0. 5875
TE R S BIFIR 10% 5% F1 1% (9 BE KT 5SRO (il

2. SR T BT AR

ARSCI S [ I A5 SR A B, S < i WA 0 3 2 0 28 I A SE R IR AR , 1T X RE TR
BRI AN R B TR SCRYBIIE 70 M, S o8 A BRI LA | S e 19 2 (5 S il 6 e TK
S TR EA BT R VRN U 7K Y- 2 22 i S < i A M DS sl T il B BE DRI A4 L 1) B2

PRI L 5 B 48 AR B M3 27 R — MR R (2018 ), T A ol B 748 9 9 48
JF AR T B PR AR AR SCTRIAAL & LA A A QAR B AR SN A A T e P15 400 1 5o 2 e 8 )
BT —FAR M AR AN E Ay o B SE AL 56 BE AR, A8 i regustrong HUELN 1, 75— P REAR I H
fHH 0, K35 (1) SRR T S B AR R 8 RE IR L A FIR R I, PRI S B 4
JE AR BB IR o metalpvol X A — Al B BEIE L FI) FH 3 R30I A S 0 2% 0 2%
B, LT S EREE LR L5 I, SCHE TR AN M e B 23 B3 0 A MV BT RE IR BB . metalprol x
regustrong W) Z KR F N IE , HLIPTA R B0 KT 508 4 1 i 5 3h 0 BLRR RN, e g
iR R PR SFE AL T A S8 O B < TR A M 10 s X BE R BT 1) 97 ) el S B TS 9
L REK(IEE
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a0 G il A KT AR R AR 278 EHE TN A5 (2021) , SR B 7E 48 3 1 31 OR300 H
R DRV 5128 15 PR Y LUAB A i, AR SR REAF XoF 10 2 €5 4 il i R K- B e R I — 2
A AEAIATE A i (0 45 Bl i S AP REAS A8 i gfinhigh WE N 1, 55— REAR N IBUE
0. K355 (3)FIRER T Gl iR i Ry RE U5 L ) F I R I 2 00 4 RN DG B 463 A
R U BRI TIAE T o metalpvol Xof A — 34 Ml B BE U5 & A1) R 3 H5 it 1) 52 0 R 40 5
1, 1 metalpvol x gfinhigh B ZRECEE M IE , H MUH R BN S 8 4 8 M A% I sl X B e
A ] R T RS T BRSO T30 P 4 €0 4 Tl A SRR AT SO itk 1 O B 4 B AN A B B X i
REVRBH Y 110 (6] 5200

AR — 2025 T R BEIEANG B9 T VR A A R AR IR I e A e B e U PR AH
SRAR MY AZAZ B RE IS AMUG 1 o FH B 2t e, B R 4 e S kb G s AT R RE IR AT
AV A2 A2 BB RE IR AN o S AN [R)B BEIRA T b =2 18] A &M T B, A SORE B AR BT R TR AR I
AT 7 - Score FRfEALAL R, -5 245 BB BE R Al 452 32 (08T AR IR AN Y A2 & policy . 3K 3
55 (5) FUNMA D 4 o M A 30 55 8 RE IS AN I 19 52 331, U LB R USRI A7 30 2 e 1 OC
B 4 S AN AR Sl 0T BE DR BT B B 1) et

WA, 26 3 25 (2) 51 25 (4) 31 57 (6) B R T Y Bl ik A2 i AL S RE IR 1] R i 4
T, ARl R T BOW RS VE T . SZ B IR RECEAS W35 BURN PR BT AL | 4% 5 4 il
2 JRE FIHT REEAN U B SR 24/ BE D2 A OC B 4 J AN A% 2l ) 1% e RE IR 1) B71 [ 52

&3 NHKRRE. REHBFROFETER

U PR L] LR R AR B RETAN
A (1) (2) (3) (4) (5) (6)
F. cleanp F. tradp F. cleanp F. tradp F. cleanp F. tradp
metalpvol -0.1146™ -0.1381" -0.1166" -0.1409" -0.0410 -0.0815

(-2.1922) ( -1.9174) ( =2.0235) ( -1.8189) ( -0.9154) ( —1.3153)
metalpvol x regustrong 0. 1531" 0. 0499
(2.0808) (0.5229)

regustrong 0.0085  —-0.0107
(0.1512) (0. 1454)
metalpvol x gfinhigh 0.1303"  0.0482
(1.7343)  (0.4859)
gfinhigh ~0.0672  0.0439
( -0.9680) (0.5022)
metalpvol x policy 0.0914" ~0.0154

(1.7285)  ( —0.2014)

L BFRKAE RRE XUBE ORBIAEAT Mol ol TR B AR 0 70 M AN G35 A ) B B 5 3R B B e L
REAT A Al
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sk
BN RS R B GRR R BrRE TR AN
A% (1) (2) (3) (4) (5) (6)
F. cleanp F. tradp F. cleanp F. tradp F. cleanp F. tradp
policy 0.1180" 0. 0610
(1.9570)  (0.7520)
AR = = = = = =
I ] i At = = = = = =
i Ml [ 72 S0 2 S i =2 = 2=
Wald chi2 300.6168  183.3910  301.5807  183.2968  302.4222  178.6046
FEAS 2526 2152 2526 2152 2351 1963

RN R 10% 5% F 1% 19 B MK 35S R 2 {5,

3. ARl ZE O T BT RE PR A Ml O B 5 e Y 24 T 1B

PR SCREE [ 1 S B O < R At 10 b T2 S S T A L R R B AR S B JR Y
27000, ST ASCHNE AT, Al 5w S RN 2 Sl T RE TR Al A7 T Ik S H < s A A%
gy b ThF 30 S B Y LY BT , LA T AR AL Bl A KU i T B A e A

ASCWFFAEA AT LB REIRA T, HorPoK BERIAZ RE & I TA] B4 B 22 0E A ATl
Y & T GUR e IR, B PNl B 325 19 J 38 S5 11l 17 32 52 4 K P45
559 HARTASHREEAT L8 TR B BEIRAT L, A AL TAT NS ], HLSeA 7t AT T
FRTBUR , SRR, K4 5 (1) ~ (2) FIEIR TSGR AN M U5 3l 73 31 X 1 G2 8 RE TR
Al AT RE PR A h O B 4 i 17 2 LM R LR RO SRR AR B T
FACHEFT R REIRAR M AT B 20 ) SR 4 J 1 2 LRI, 1T 0 A% e 8 IR A ) S B <5
T ARBIH I A AL R E T

HE— 2 M, A SO Al 5 o0 RO A B i 5 4 B 58 S0 TR I 2 9 HT—2F
FEARIATE S o 3 Fr RS RE A R BEAR N E I IRSE F IR A . K 4 5(3) ~ (4) SR
TR G R AR I B 3 B RIS S PR R AR o 58 A PR AR AR S i 1 29 B L | HA
BRI, SRTE RPN REACNI LL , o 8 PR BT R AR 1) SC B 4 R 1 A AR 2 B OGB4
IR BB IE T R, B3R T, il 3 4 000 A 8% e R T RE IR Al S Bt
J 1 LR T I v 58 B T 5 4 A Al S A 2l ) 1 S B T M e sl T s i S
B T U | BEAS IS R LB T 58 4

F4 BRI THEIN THHRERSLXBERTAHRCN

TG BT REIR BRI ((SOEIEIR [T
ARt (1) (2) (3) (4)
F2. savep F2. savep F2. savep F2. savep
metalpvol 0. 0695 0. 1296 ** 0.1167" 0.3483 "

(0.5911) (2.5049) (1.8292) (2.9907)
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gk
TG HTREIR B RE IR s 3h8 5 S R

AR (D) (2) (3) (4)

F2. savep F2. savep F2. savep F2. savep
Bl e i 2 2 2 R
I} 1] 7 A 0 = = = =
ANl ] 5 R0 =2 b= b= 2

Wald chi2 56. 4034 161. 6943 45. 3820 78.7015
FEAGR 468 1460 1009 769

T TR IR 10% 5% F 1% 19 5 E PEKT 555 N 2 {H,

() BT B % 35 AL BRI BURE B 1 732 73 #r

o ] TE AL T PR B BRI L R AE R B RIS 7 A A B RE TR Al (0 e B AR
WAEARWING . A RIAT L2375 A IR 35 VR F A SCHE R [R5 e 2 A G5 4 Ja A% 5
31( metalpvol ) FIEHREIRI T8 15 2 ( prophigh ) (A BT, Hh prophigh AR XT N 8
REIRAT B 3 3 (AN AL LA B A S AL B L) e m AT — 2R A 25 R
RS (1) ~(2)HIIR, metalpvol x prophigh X1 BERA Y L F B i 2 1A 52 2R 400 &
. BEEFTRERAT ML B A AR 04 5, JCHEE 8 U A D St B RE R Al B A7 Dy 2t R
SR BRI

AR SCHE— A0 0 Al i A AR B (R R T VR T, P U [ VA rh g A OGB4 T I A% U5
8 ( metalpvol ) FE MY BEVREL BIFL L ( freqhigh ) BIAZHI , Hi freqhigh AR FERE YR FEAY
FEFE S B HT— 2P REA . BRIRL R B2 ( F Ak AR i B BR 1HE 5 20 #84r h g
UGS o5 LUV I e i, S55R ISR 5 268.(3) ~ (4) BB, metalpvol x freqhigh %}
BT RER A M 7 ] F I E5ER [ i 0 I A R T R 2l Ak A 1 T BB DR D 55
B, JCHEE 4 S8 A DS Bl B BE VR A BRI B S e 2 AN BTG 5, B A R R B e TR Y ik — 2P
R, S R AN G B 4 AN AR B Bl AN R

(=) BT Al b A% 57 B 10 3 41 53 Al

XL T b b R AN R 7 5 T RE R A, O T4 T A A ik 3l AT REAEAEAS [
0952271 PR 5 B o 114 238 S 7319 1o /A0 VA /4 < 0 3 M o AT =8 S R SR 0D o N e
REST, NI EE /D25 32 3 O 4 TR M ks i sh 52 ), AR SCZ %5 TEA (2021) AR AEETREIRA Tl
ST o S /NG N 1 5 o1V o 5 7 2 = e NG b 1 o 148 1 7 s B e Sl 1o A
(5) ~ (7) V50 IR T R4 Ja A I slet b rp Ui R R A b % R R 38 B30 9 5
GRRIY M T IR RE IR AL, v T WERT RE IR Ak B B A2 B OCHE A B AN A I B
FRY 2 IR B R
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RS SEDW
Tl ER Al RE U T AR Al A
L iF il TifF
A 1 2 3 4
e ) 2 € @ ) 6 o)
F.patent  F2.patent  F.patent  F2.patent  F. patent F. patent  F. patent
metalpvol —-0.0268 0. 0273 -0. 0499 0. 0252 -0.0220 -0.0791" -0.1130"

(-0.6788) (0.6778) ( —1.3339) (0.6777) ( -0.3902) ( —1.7458) ( —1.8302)
metalpvol X prophigh —0.1290" -0.1179 ™
(1=2.2027) ( —2.0255)

prophigh -0.0861" —0.0740
(-1.9847) ( —1.3948)
metalpvol X freghigh -0.1024°  -0.1596 "
( -1.6581) ( -2.5064)
freqhigh -0.1739 ™" -0.1858 """
( -3.2762) ( -3.2605)
il A% S 2 2 P & 2 2 2
I [F1] A 2 2 & & 2 2 2
i Ml ] 72 500 b= 2 = b= 2 2 2
Wald chi2 379.5063  259.9543  385.0952 267.1136  76.8708  163.1834 233.2434
AR 2823 2476 2823 2476 584 1270 969

RN R R 10% 5% Rl 1% 19 MK 35S R 2 {5,

NVEIE BRI

HTRETRE A BB R AE S BE IR Ml 5% BT 4 PR XU H AR S B T 2284 AR
Ay H AR IO, S5 4 TR A M e Sl X B RE IR Al B BOR BIHTKFA F R3E5E . AR SC
MREVRE R AR A A A OB REDRA T L A DG B i (A I sh R 28, IR AR T OG5
IR PAR BESIRT AL BT ACE B2 SR FILE . BRI BNT S — SRR A%
We s RETR ARk B L A G ™ A T 3 B SR RN s SR T S AR GERE IR L FIAH LL B AE
UL 3Z BRI BN AEAF RTE AR | S < M D 2 b Tk SR Bl b A B 20 1) 5K it
EIEVLARANE ., 5 MR R AR S B T 3 4 B A R B A i A
BT Al BB A A SR, BURF PR R | 2 0 G Tl A JRE BT RE USRI U R 5 A58 (5 0l
FBOW A% T 35 B0V 1 A T A A 1 S < A I Sl R B RE IR BRI ) 97 1) il
LA, Al 5 A S5O ARE o8 il £ T 1 S B < i A s 0 8L T AT B 2 B S i i S 1Y 4
TUBIHT , LUl Ao lb 3ef S 4 AN 9 KU B 1T, AR A s A0, o =, it —2B by
KB, WA BT RETRA T AL 2 25 R A4 Aol RE TR AL TR I (IR, O B 4 J A0 e sl Xk
REVR AR BB A S22 25 T, EL A i All 57 5y 52 2 AR B B I 52
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ARSI LR A 7 %8 5 B 4 T A M U5 Sl Xt RE LA b B AR QB A R R A 3t T S Bt
SN TS BRI U B R AT, LA KSR AR 7 ) R R RA —EBORS B E L, H
— , BURAR T X0 S B 4 Ja BERAY A BRI 1 77, X6 T B 45 URS: K R SR BE g A9 DG B 4 TR
BRI N A 4 A A T TR O B 4 R At 4 [ b A B R L Sy e A AR
HEHRHR , [RIE, R A RRAEPR 2 T, e a7 B 4 Ja [nl A A s v , 8 5 B T 249 B
AR L2 A A SCHEAVE T 0] SC B 4 T W DR RO ACMSE o 57—, I T bR s < s 300 2 S5 A3 24 o
TR, HE T RE IR R I 6T, 1 [ P 1 3 S R SRS BRI IR AL, O T [ T RE TR
Al A8 BEAT RS I RN XURS S b T S M i 55 SR 22 T A BB IG 3l . 58 = BT E
AR M 17 T 20 A5 A v 1 ) 5K B <5 TR A RS 0 Sl RIS, R ] X T T RE R TR A R B g
FIAL T b v B A Aol B0 3 (0 P <6 e A3 24 ot R AT I DR B i 5 (B S A 255 T
KPS 5 [R5 7 2ORAS BESCHE 5 i AR I sl XU, , sk Aol A BUXUB RE AT, 265U, B
PR T 7 BE O Sl B R A Rl TR RO R IR 2 ap G5 1 Ak
foidr BRI AF AR O G ™ i, DT RETR A b B 1k B 22l T SR A A, BT RE IR A
b Rl B ISAS , Pt Aok i BT R A R, B RE TR A ol U B AR 2 L o (00 B i o €2 il 5 i
I, BRI 7 e A s Al R REAL (SR AL R RIS, ER T, B BT RE TR T 32 (14 A A
ity TR R, SR P R e M ORI 1R < T S 3 a0 AR D o T RE TR Al
f B AN | 3E T R BEASE By | SR IESE B | (0 4 il 2 T S A T, S B R AR Al
e sxligs il i RAETEES

[ 11— RMIBRER 2018 ( EFT5 Y BUNIRIL S S0 m i KR , (LU IFIE) 45 2 101,56 20 ~34 T,
[2 138K 2 MBI 2023 , ( FRESEUR (92 10345 H 5 R 17 AR O 1) BB AR HE2E ) | (IE 285 ) 45 5 01,56 119 ~ 151 BT,
[3TX0e AR EBL ST, 2017, (R A TA T EME S ML BIFTY , (ETFIITT) 55 3 1,565 166 ~ 180 UL,
(4157200 SRS EPEHE 2017, CHrREIE A AHT 19 T A —3 T XU 809 Fn Al & B 58 ), R
T 2By 12 11,5595 ~ 112 7L,
[5]FMEE | b WFBARIARIASE 2022 , B RRTR Al 1 EBLBOR A MBS RN S5 QBTN ) , (2 BeFE ) 35 9 11,465 46 ~ 64
W,
[6] TEERITH 2021, { SRE[FIRBOR M IS ERIBTIIFT) , CE L) 55 6 101,55 173 ~ 188 L,
(7] EHAH WA 4R 2021 , (GO fE SEBUR LB 1 lk Bk R g 9 BT V5 Y Aol 4 i 9% VR 1Y
WA, ChEAD - IR SR 5 1 11,58 123 ~ 133 1T,
[8 145 U ARIER 1 #2022 , ( RRIRFL TY A M2 BUAR ST ) , (HLBR2E4H) 55 8 411, 25 2050 ~2066 T,
[9 T RARHEM B iR AN, 2015 , (BUR A 2 1905 UMM 24 72 Ml 7= R i e —— LA b AR P S i) b B Mk 2235 )
5510 1,55 53 ~68 UL,
(10 JEAWAT S4B FBREE— 2015, ( BURHRRE 5 58 Pl & JR—— LB RE IR A 1) | ( B BIFSE) 46 6 1,465 147 ~ 161
T,
(11 ]84k R AR ARG E K, 2015, (7 LBOR ARAT IG5 4l £ 55 il 96
BIIFFE Y265 3 11,45 176 - 191 T,
[12] Acemoglu, D. , P. Aghion, L. Bursztyn and D. Hemous, 2012, “The Environment and Directed Technical Change”

BT A BT AFR IV, (&
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Summary : With the continuous breakthroughs and widespread application of new energy technologies, China
has occupied a leading position in the global new energy industry competition, giving birth to a number of
international giants in new energy equipment manufacturing. To promote the continuous innovation and further
development of China’s new energy technologies, fostering a favorable business and innovation ecosystem is
crucial, ensuring stable and sustained returns for new energy innovation. Unlike traditional energy, new energy
technologies such as photovoltaics, wind turbines, nuclear reactors, and new energy vehicles are highly reliant
on critical metal materials. The geographically concentrated production and processing of critical metals,
coupled with long delivery cycles, have caused significant price volatility, introducing uncertainty into the
business ecosystem of new energy enterprises. This study examines how critical metal price volatility influences
the innovation activities of new energy enterprises, aiming to provide practical insights for advancing China’s
low — carbon energy transition and high — quality development.

Starting from the input of factors in the new energy industry, this study uses patent application microdata
from listed companies across seven Chinese new energy sectors—hydropower, nuclear energy, wind energy,
solar energy, biomass and waste — incineration power generation, geothermal energy, and new energy vehicles—
spanning the period 2007-2022. The study delves into how critical metal price volatility impacts new energy
enterprise innovation. Using negative binomial regression, the analysis defines innovation output as the
dependent variable, measured by patent applications. By combining keyword identification with large language
models on patent abstracts, the study distinguishes new energy patents, traditional energy patents, and
resource — saving patents related to critical metals. The core explanatory variable is critical metal price
volatility. First, a monthly critical metal price index for each new energy sector is derived through weighted
calculations based on metal usage density. Then, the annual standard deviation of monthly price returns
constructs the critical metal price volatility index.

This study shows that critical metal price volatility significantly negatively affects new energy enterprises’
patent applications. Compared with traditional energy patents, new energy patents are less affected and the
impact is not significant. Notably, increased critical metal price volatility can motivate enterprises to develop

resource — saving patents related to critical metals. Further exploration into the potential mechanisms at play
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uncovers two key aspects. On the one hand, the financing constraint effect and the precautionary saving effect

are identified as the primary factors that lead to a reduction in enterprises” R&D investment in the face of critical
metal price volatility. On the other hand, the roles of the government and the market provide insights into the
direction of innovation. Government green incentives like environmental regulations, green finance development
and new energy subsidies ease the negative impact of price volatility on new — energy — related patents.
Meanwhile, enterprise competition prompts more resource — saving patents related to critical metals to reduce
cost — fluctuation exposure and gain market advantages. Heterogeneous analysis reveals that as the new energy
industry penetration rate rises, the impact of critical metal price volatility strengthens. Enterprises with high
energy transition degrees and those in midstream and downstream of the industrial chain are more affected by
such price volatility.

The research findings have significant policy implications. First, China should enhance its global influence
over critical metal resources and vigorously pursue circular economy development to strengthen the supporting
role of resource — saving technologies in new energy security. Second, the government needs to accelerate the
innovation of metal futures and other derivative product markets. Third, new energy enterprises should actively
manage the risks of critical metal price volatility by using metal derivatives for hedging or entering into long —
term supply contracts with upstream and downstream enterprises. Fourth, the government should actively
promote financial market system reforms and develop a greater variety of green financial products.

The marginal contributions of this study are mainly reflected in three aspects. First, this paper extends the
research on factors influencing new energy innovation by focusing on critical metals, an important input factor in
the new energy industry, adding a new perspective and data support. Second, the study broadens the boundary
of the understanding of critical metals” importance in the new energy industry. Existing studies mostly focus on
the macro — level constraints of critical metal resources on new energy development, while pay insufficient
attention to their micro — level impacts on enterprises. This study shifts the focus to the micro — level of
enterprises, elucidating the micro mechanisms of how critical metal price volatility differently affects innovation
activities across energy types. Finally, this paper provides insights for both the government and new energy
enterprises in promoting new energy industry development and formulating business strategies.

Keywords: Critical Metals for New Energy, Corporate Innovation, Energy Transition, Environmental
Regulations, Green Finance
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