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Abstract

As the economic growth pole of Shanghai and even the entire country, Pudong New Area has been
attracting much attention for the development of its manufacturing PMI and strategic emerging in-
dustry manufacturing. Based on data from Shanghai’s public data open platform and other public
sources, this paper analyzes the complex relationship between PMI and the output value of strategic
emerging industries, fixed asset investment, and independent innovation. Relying on the Spyder
(Python 3.8) environment; through the application of smoothness tests, Granger causality tests, Jo-
hansen cointegration tests, VEC models, ARIMA models, and GARCH models, we conclude that the
PMI can predict the long-term trend of the manufacturing industry in the Pudong New Area. In ad-
dition, it affects investment in fixed assets and innovation, which can also influence the develop-
ment of strategic emerging industries, although all of these relationships exhibit a certain degree of
lag. Therefore, constructing an intelligent PMI monitoring and early warning system is essential to
further deepen industry chain synergy and the construction of industrial clusters, and to ensure the
continuity and stability of policies, thereby providing a solid theoretical foundation and policy rec-
ommendations for the high-quality development of the manufacturing industry in the Pudong New
Area and the entire country.
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1. 518

HEREHLLAIR, 2ERGE 2 IR R JEDAR, AN 25 S MR Z AR A . B
WHEH T B E R R AR B R E SR, DS A TR m R R R . IR I AR X
VBN B Ty 2 A E A Br KA, FCHIE M PMI 5 5 1 4 7 M il 1) R IR T 4% 32 63 . AR SO
M PMI A R, AT B e 4 P Ml ) s sh R IS ) s S A S A 4

HHT, BERAMEEXT PMI T EEE P ELL N i1

B, PMI 5EMAFFHRIFNIER . 10 Gabe J. de Bondt (2019):iE i S iIEH5 2 B PMI A& K i 1] FE 1)
GDP iBE:%S, AL RAE5 GDP [1]. JH /1%5(2022)0F 78 K BLAE L. PMI 5 CPI i sh 4748 B 5 A AH 5
PE[2]. FESCMZE(2020)%: T MF-BVAR #74, {EB] 7 PMI fil PPIL CPI Z [AI¥FTE MM RIS K &R, HALT
I S HH 22 R 1 [3] 0 BRVEA-(2017) R 4 VEC AL, 434t CPIL PMI 59 9% # {5 0o %k CCI Z AR &R,
SRR PMI ) B2 A R TR 28 (5 O iR s 4]

8, BHAFRBAET PMI BT . 40 Du'Y (2022) 5 FH ARIMA 70 SR8 3R A0 7500 b [ 1) 368 b £
PMI $8%, R 7 IRARZFFME[5]. Zhang P (2023)%: K 1 SRl R il ik PMI, $2H T —FhdE TR [H
53254511 AdaBoost [F1 )= T 594 (6] 75 AT NSt 1 Bifi 52 55(2024) 55 T — 4k B BN AR 42 LU ARIMA-
GARCH-GRU ZH A1 A HE A7 £ oAb 28, DAUE s Rl gl PMIL[7]. b4k, xR EE(2024) $8 H T il G
ZFRIEHT(SSA). ZTT 25 B [BH 531 ) (SARIMA) AR FY A 57+ 1) B 0] VA (SVR) R Y [ 4 & F ) e 7,
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DS & 3L PMI PR TS 2 8]

E=, FH PMI AT EEAN RS 2 o 5K A E(2014) LA 2008 4E &Rl fE LR B N o Fiek, S hilidg b
PMI FIYF IR R T I S0 A% 25 A PR B2 TR 28 R 0 AN R IE R) B b AT T A% 2 R AR R RS IR [9]. 47 ol
(2018)id 3 7] & H [AARAL(VAR) 73 BT IR 300 Hilg g ARG, 75 0 HAT B T B fl &k PMI, B R
A H BTG PMI TSR i, 0 AR 4 AN H #G 1R 4 1) T A FH [10] « 11 [ 25 BOR i 18.(2020) 12
— Il RGN PMI SERIEFR R _BIEFREORY IR 300 SRS VAR B, RIL PMI X IX Eed5 bR
FAAE 2 2 4 ARSI TN AR [11].

HRAE C A SCHR T WL, 410X PMI PSS T A 2 W B —, B URAR SCRT RERIIA PR ok e T 25—,
EF TS b, K2 H A E PMI B AR B BUAE Gl M (T2 0, S5 = oF S P 3 % 7 ARl 2
FLHE MV RN A M, NSRS E R e o 2 B B IC . 26—, At v RS e 2 0F X Sk
PMI B U/, e RN T AR 3T X X B R R 2 DR AL A X 3, AR SR 7 SE R 202U L. AR B
EHANX AT E. B=, AESAMNEE F00E [ %= 5 5% 5 7 H DA A PR R AR 5T IX
AR DT ML R R AR L A [ 7 12 DX N P TR I PRI B, gk — 2B T o [ A b B A K
AL T A IAE IR S R
2. Wseigit

AT A BEAR TOIH AR X I PMI 5 R BN P OC &R, il £ A 88 (A1 VECM) 73 B PMIL 5
B PE TP RE R RS AR R, MR EEB MK X R, EEEG TR, #—P
TR PMI A BARAS B (a0 B 6087 [EE B~ 50555 IREN,  LAIGIE PMI X B P37 % 77 b il 3 b A Fg
(AN [F J2 R AN 5 THT R R
2.1. BUEALTE

A B HE B RE T BT A BT RCr 4. BTG BAZR RS DAL S A
FPEE B 1, B R A SLEER I CE S 5R4ER PMI B SR G B I T 7 B B, EL BT
RATHE R, AHFFCR AT B G iX — R MM . EER AT 7T, B A EHE 1E v SR (E AL
L FEAER R U R D BN B, DLORUESCHE 7 B (v PR T SR R e ISP R P A 6 AN R
KB R T B 8] 7 F0 A M et B 8, IS SRR SR/ BT 4T T IR S A

2.2. fmidkMgit

Table 1. Descriptive statistics
= 1 WIRMSEITER

PMI bt E 3 vk Emerging Industry Investment Innovation
count 418 418 418 418 418
mean 46.5859 6.1482 14679.8509 3908.9147 9739.3341
std 8.0611 10.1287 20789.8860 2172.4478 7451.3578
max 63.3333 40.0667 140290.3333 12628.6667 61925.0000
min 16.8667 —14.0667 561.6667 606.6667 129.0000
25% 44,2083 —1.7250 7360.0000 2515.5000 922.16667
50% 48.3333 3.0500 7360.0000 2515.5000 15639.0000
75% 51.6250 14.2250 7360.0000 5257.0000 15639.0000
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B 1AL, &5, THARRTIXHLGE L PMI f-T-35{E R 46.59, Hiiseihse, FrifEZy 8.06, Won i
TG E R W s, HAWGR S IR, B 5726 14679.85, friftZ ik 20789.89,
T FO VI B A B BRSSO B R T, TR R e R Eh .
PMI % 1 ik 5 0 £ b () 45 5 FIURA AN B8 AR B A, 38 v 0k s s sy 7 A = A B o T ) 9T 3 52 48 T A )
MR, LHAERIEM AT E R, b2 il D W RBIF I HN, K IAE S ).

3. SCUES AR
3.1 FRMRE

AR FH ADF K 3e ikt 2548 TRt . 7R ST IRES IO HT, RV BR R 07 22 BRI, %) Ji A% 5 UG 4
[12], 4r5%0ic A LnPMI. LnEmerging Industry. Lnlnvestment F1 Lninnovation, R¥E7 2 FI455H, BUOEUS
[ Investment 1 Lnlnnovation [¥] ADF St it 737l N—1.66 —1.43, 7E 5% & MK R %A il PRtk
K5, BPAELEBRALAR, X ek PR AN FE AR IEAT — B 2243, AHRLAY—PBir 22 43ic 4 DLnlnvestment. DLnInnovation,
WA AT WA R R AR, FF G VB R IR I T4 251

Table 2. ADF test results
5% 2. ADF RIGZER

A5 ADF Statistic P {H 5%¥] ADF IIfi 8 i s

LnPMI -3.6841 0.004342 —2.868685 11 Fha

LnEmerging Industry —4.4230 0.000270 —2.868668 10 Fi
LnInvestment -1.6575 0.453112 —2.868811 18 e[
Lninnovation —1.4308 0.567420 —2.868793 17 |

DLnlInvestment -10.5307 9.1659¢ 71 —2.878595 2 Fia

DLnlInnovation -8.3696 2.6839¢713 —2.878903 5 TR

3.2. e

HERBHER T, PR )S, Dy HERR IR R BEHLE, ] Jonhansen #6362 [13]2K 73
i A8 DX . PMI F8 K0S BRS04 Ok R Z IR I SG & o ARG 45 SRR 3 KX 1 R W, £ 5%
MR ZEEKOP B, 2SR PMIL %ol B [ 5E 58 i AN B EQUR 2 M4 AE 2 MR R 450
SERTHEIT I EEE O R, H Trace Statistic f235 T 5% K PIRIE FHAE, 6 B LA & 2 [AAE KA1 ¢
R, SCFF T PMIRECRT DM N GG S B B SR AT AR b, JUHGRAE TR 0477 2% 7 ML R R a4 05 ThT X
A PRI AR PMI SR TIN5 M  a b R {E 2 S B

Table 3. Johansen Trace test results
5% 3. Johansen Trace #1645 5

Hypothesized No. of CE (s) Trace Statistic 0.05 Critical Value Prob. ™
At most 0 223.263961 69.8189 0.00000000
At most 1 139.374930 47.8545 0.000000000070762
At most 2 75.149297 29.7961 0.000008678364
At most 3 28.336744 15.4943 0.02377891
At most 4 3.108681 3.8415 0.5146939
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Johansen Cointegration Test (Trace Statistic)
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Figure 1. Diagram of Johansen Cointegration Test (Trace Statistic)
[ 1. Johansen Cointegration Test (Trace Statistic) &%

3.3. MERERZIERE(VECM)53H

IRWFFE R Jonhansen B K I E 1AL R AIAFAE IO OC R, MRAE Granger iR e B, I
FAR B MAFIE I REOC R, W AT 0] (R A 357 G 2R v] U I % 2218 (B AR B RIR [14] [15] o DRI 4k 2Rt
3 VECM K5 G2 Ji S B nd K A 25 4 (R 52 0

WL R WL 4, REBIE R B (ecl. ec2)y—0.2628 F1—0.2959, i BAs & B K W45, BABIE
TEF. toan ecl, HABIE/EFIZNA-0.2628, Uil KA R ML 1 AN BRI, BN S E
W20 0.2628 AN AL, i A IE, AH15 78 H Tt A AR AR B B OB, & R 1A
BIENUE], (EBIEREA S, WHARBEREAL. Fit, BTG il 408 X sl 4 5 K fae
H—, AkEERIERRS.

Table 4. JVECM results
= 4. MRIREEERB(VECM)DER

A Coef Std Err z P 95% & {7 [X [5](0.025) 95% & {7 [X [5](0.975)
L1PC1  -0.6215 0.059 -10.575  0.000 —0.737 —0.506
L1.PC2 0.1756 0.195 0.899 0.369 -0.207 0.559
L2PC1  -0.3990 0.050 ~7.952 0.000 -0.497 -0.301
L2.PC2 0.1087 0.179 0.608 0.543 -0.242 0.459

ecl -0.2628 0.051 -5.170 0.000 -0.362 -0.163

ec2 —0.2959 0.135 —2.185 0.029 —0.561 -0.030

3.4. F=A&R(Granger) AR X AR

fEY B S B Tk, e e Ra e MR e e O M 5, SRS 22 AS DR SRR 56 1 7 VA [ 161 98 IE ¥ 28
X &L PMI 5 I 2 P2 b [ E B RO A A B 2 BRI R . 42 5 FizR, PMI 2 g
P LAY ARG 2L AS TR TR, SR AL S PMI S 22 AS TR AT, B & 2 00 [H) 9% £ PMI 42 Investment
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IS 2SR R, PMI S Innovation S = 28R Al . FRIEZ 4F, PMI 2 Investment FI4% 22 28R, Investment
/& Emerging Industry [k 2228 R, 35680 PMI S 2@ i 520 Investment, F[A]#% Emerging Industry 7=4=
20, PMI Xt Innovation th 2 [FFE, PMI 452385t §20 Innovation, F[a]HE%+ Emerging Industry 7725 §0 o

Table 5. Granger results

F 5 BERERXRZDIER

JEARB F 18 P1{H gt

PMI A2 Emerging Industry f¥] Granger J& X 4.6185 0.0000000516 E(zE 0

Emerging Industry 4~ 7& PMI 1] Granger J5 [l 4.6185 0.0000000516 E(zEC

PMI A2 Investment [1] Granger Jii [l 6.3153 0.00000000246 R4
Investment AJ& PMI 1) Granger J& [A] 3.6889 0.0159 A4

PMI A~7& Innovation [¥) Granger Jii [Al 6.3153 0.00000000246 fE4L
Innovation A~/& PMI ) Granger Ji 4] 3.6889 0.0159 ZSiERACH

Investment A~/& Emerging Industry f¥) Granger Ji 4] 16.6952 0.0000000000000000691 a4
Emerging Industry /2 Investment ) Granger Ji[A] 2.3829 0.0723 A4

Innovation A~/ Emerging Industry () Granger J5 5| 16.6952 0.0000000000000000691 4
Emerging Industry /& Innovation [#) Granger Ji [l 1.90186 0.07285819707622866 A4

3.5. ARIMA EB45#r

DA G B D4 I I B SRR, S5 B TS, ¥ A EIE(AR) Z 4 ()RS T-HI(MA) =
AN A e ARIMA BORUEEAT 70 AT [17]. AREEBRL Al vHas AL 6, W s 139, 2 1A 3 I(AR.L1.
AR.L2 #1 AR.L3)[) P {3474 0.000, & HHIX L3 5 B0 B 121 V2 500 i B 14 87 % 115 b R 3 2 28 4k B I
FEIIRM . TERFEMEN 1%, 5%. 10%H/KF T, SB4EL4 TR ALE/E ARCH 28 [ R B ¥ . ARCH 21
LRI AFAE 2 B HCHE 1R B Ve AT B TR AR, T B2 RE MR I TR 2. ERLtG, 9 T B IR N2 TR
WM ST DV R B AR, T RAE— 2B i F GARCH MR HEAT G AR, 300 5 R i A e A B30 o (1 5
T ZEME, DA S G AN T A 3l () Bh A AR A

Table 6. ARIMA results
%2 6. ARIMA &R HfreE R

95% E (S X[A]  95% & 15 X [A]

ZH M bRk IR ZE z 18 P{H (R (LB
AR.L1 —0.8978 0.019 —48.488 0.000 —0.934 —0.862
AR.L2 —0.6343 0.033 -19.191 0.000 —0.699 —0.569
AR.L3 —0.1823 0.038 —4.770 0.000 —0.257 —0.107
AR.L4 0.0318 0.035 0.907 0.364 —0.037 0.101
AR.L5 —0.0057 0.027 —0.210 0.833 —0.059 0.047

SIGMA2 280,800,000 0.0000000000948 2,960,000,000,000,000,000 0.000 281,000,000 281,000,000

3.6. GARCH &%

SR AN AR A s A1 X ) 3 MW PR s 1k S S J5 SRS R 3R, A et — DR 17 LA Il 2%
1577 72 (GARCH) B . GARCH #5284 % A 20 LT 1 Fr 1) vh I B ) Sh AR E[18], JCHGE ] ARl 2
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A i S ZEVE I X — T I E S A B AR ML B S R I AENL, PR AL AT X
PV St 5 5 1 07 0 7= M i e v 2 Jre 8 0 ) R T o

GARCH RAIZE RN 7, REAROE 7y i) 5 07 210 . 7R Z K 0.01 B, FTE REH
P {3/ F 0.01, BEAHEMREME. XEWERA WML R i sh b i B IKsh R 2, [FI R
TREHIF ) ARCH RU87 o FRIESE T I8 43 357 X A3 PMI X i i A 397 2% 722 b s 3d& b 3ok 50 B A o B2 A ke )
AT GE 1. MWARAL S H0KkE, ARCH T £ %1(0.1659)F1 GARCH i % %1(0.8131)#8 7= T P Lik sh i5h
ARFIE, BRBEHT D P IR i 30 32 A BV B B S MK, B2 A s IR S e A O s o BIE AR SR T H
P LA ARG A R B E AR . IR S MEEE 1 (0.1659 + 0.8131 = 0.979), W/ESHLAI W%
P, RBH T PEL R s e B R R, [R] A R K i o o g R A8 b B et o R B

Table 7. GARCH results
%2 7. GARCH #&R&I 5y #r45 R

% ¥ o BREE  IBWE(FIX
ZH R wERE  zfd P 1 KICFR) (R

u 7.3619 0.0002057 35,800 0.000000 7.362 7.362
Q 0.00044054 0.000024  18.364  0.0000000000000000000000000254  0.0003935  0.0004876
o1 0.1659 0.03366 4.928 0.000000831 0.0999 0.232
S 0.8131 0.01939 41.931 0.000000 0.775 0.851

4. HEELE
4.1. BN R 5T

Impulse responses

PMI-PMI i y-PMI Investment - PMI Innovation - PMI
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Figure 2. Impulse response analysis result

2. BRI AR
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FE3 BT PMI T RIS A7 24 777 b BE A e e RO R RIS, ok o o 1572 B A0RT DA 23 PMI AR A % 7 Ml 7 ()
(IS R B4R 2 [19] [20]. ARG 2 AIFE Y, 55—, ANEEARRKR MR A AE S RE , PMIXTHNY% P L 3]
SN ), R EAGR LR, TRL) T — DS AR R . 55 =, PMI XTI 8T
PP E R AR SR R B, TR AL — R B R B AEME T, PMI SR L IR BN
W55, Beahu BN, ELEN S IBOLE]— KPR, PMI FISENE B Wi A3 82 o XM 5 RO
T A BB B A IR R T4 O s I TR, AR A R TR B B IR R Y R R
[l Y A “TTn RN IR T LS. =, H BRI S EIE BB TN L, PMI XL 2N A
A IE T, SGE T E AT B E B I T R P IR, HE 0 X AR DO g % i i
Fob A R

4.2. TRETED B

N T S B AR 2 AR B A AR Y R (A B B, DL RO AR R AR B Tk, i % Plumper S5
kPR M FEVD BR21]. #5154 3 o, PMI LR T 2200 b o 4l 7 AR BN 23, {ELRE
FHIS A HIHERS . PMI 2N 28T . X — 5 R R EUR — 50 HUGEY T PMIXSH %0k
(IS AL T 5 RN AEBCBEANBE 7T, B P S 1 3B BT A B X A F o b 4l T BRI B
B, JCIHIEAE 5 I B, BB AN GTET B STk N E 2 . PMI AL I o FE i $5 B A0 G5 46 b A AR
[l HHES] T ML R R . s SR AN BRI ™ R R IR SR B R 3R

- M

Forecast error variance decomposition (FEVD) == Emergingindustry
== Investment
PMI Innovation

o 2 4 6 8

Emergingindustry

Investment
10

08
06
04

02

00

10
08
06
04
02

00 e e e |

o 2 4 6 8

Figure 3 Variance decomposition effect
3 BESHEYRE

5. it 5#iN
51. FELP
A SIZAIE 234 LA SRR T 285 SR A 20, 3 3 oV AR DX A3 lk PMIL 3 55 5 A 37 2% P b )
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WML JE 2 (BB OR RIEATIRAIR TS, 3 — S8 E B8, AUER T PMIXHTY ™ LR & 1 B R,
WIS T RE BB A QR D A AR B O AR A S

F—, AR TE T AN Jonhansen PR, A B NL PMI 55505 2R T DX A 0T 2% M Al
LA [ E B R DAL B QU A R R OC R o TR I ) AR R L S s
PEFN LI R R 2 I RAE B SR A IR R, 7T LI PMI TRINH M 7 ML R R R . 3 T i 8850 RN
SR o8 PR T T Ml R T R B R S A R A

= it VECM BRI AT, R 2420 5 i B A I M I, AR 2248 IR T2 X 7 B A48 S [ 2 IE AL,
2 T R B AR, (HARZEME IETi(ecl Al ec2) ] BAIE H, ZBX 1~ E AR E K, HAK
BIEEEZ . X — RIVRINZIL XA R I RE T, R AE T I B s M 5 PR R B 1) 7,
i 2 S N A R BRSO M IR 1 2 WA B

%=, 21 Granger IR K RAGLE, K PMI S5 A HT DXHRIE B % 1l 1E b 2 [ALAEAE X ) R OR &R
TR X 1] RO 2 e L 5 Lk 5 % M AR LAt AR o ek, 3B PMIL AT LLE 3 5 v 3] 587
PR A E L 0H,  EHE M AR SR T PMIL [ E B BN B GRS
KRG REEA T, IR I T AN AR R R A AR A AL

F0Y, 2o ki S M A FEVD BRI BT, A PMI X gt 357 X i 3 b R = 8 ]R8 B 7 43 9 DA
e E BB B AT A ko JCHAEXT T B R A E £, PMI R di AN SRR L, T
2oL — BUN A i 2 S O e g . ISR AR — NS AW S AT B A R, R H A
A THTX T 375 AN AR A I i 2 0 H P 23 28538 1 g

5.2. BUEREIYL

SETHIFUA R, 4 BN BRI

R AR BEAL PMI SIS T 2R 4. 45T PMI SR Bl A2 X T 2R 38 DX 1 36 M A I e R % 7
AN, 2 RS B AR &, SERERER LRI AR S o 2 PMI R E = I T I, S A
WEER. RN, RGUENFRMATIERLNTUER S, RYEAT WA, SRACERE AL PMI &
oo s, 39 90 FIUE AT MU 38 AT o Wi B

RGP BE Y R S SRR B DB AT DX A b A R M 7 M R R R
K, VR FINLE], R B R IR R I EORS S, (e BN
W2 B EAR S AL, 378 BAT EbRse S 0 00 SR, T RO RN AR SR, LS TH 243 XA
SERPLBE A A

SRBBEHOESE SRENE . BB PMI SR EUI 5 RO LA BRIA ST 7 Ml e R 1) B LR
IS 5E B B BORBEAT VRS AR, R e KR LR, S OREBOR Sk e S AL, - [RI D if
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