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Abstract

Digital economy, industrial structure upgrading and green total factor productivity are all impor-
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tant manifestations of high-quality economic development. In order to study the relationship be-
tween the three, based on the data of 279 prefecture level cities in China, this study further studies
the interactive relationship between the three based on the analysis of their time evolution trend
and coupling and coordinated development. The conclusions are as follows: 1) the coupling and
coordination relationship among digital economy, industrial structure upgrading and green total
factor productivity has gradually developed from the serious imbalance stage to the intermediate
coordination stage. 2) From the national level, the digital economy and industrial structure up-
grading are positively affected by their own development path. There is a two-way interaction
between digital economy and industrial structure upgrading. Green total factor productivity will
inhibit digital economy and industrial structure upgrading in the short term. 3) Through variance
decomposition prediction analysis, the development of the three depends more on their own path.
Comparatively speaking, green total factor productivity is more explanatory to the digital econo-
my than industrial structure upgrading, and digital economy is more explanatory to the industrial
structure upgrading than green total factor productivity, but there are heterogeneity differences
in different regions.
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(2021)) , FFLAUFREEIRTE SRS EMRBIACE, RIEGETFER NS MHLR, SoBr= hig Ky
Mo BFAFER T, BRSO THMAER, MO G SuEE g, IR E 5 A EEE
X HPE RS S R VRS LR, Bl B AT A RN, W e B R AR, Mk
i, FRMSK, 2022) [1]. 2021 49 A 26 H, XIESEISIE/EHAERN KL B, ZEdSHEMS ey
PR AR BRI A s .
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ST R ERE.
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Hh ] 22 35F R i 7 1) A B R AR P R R B BY (%85, 2013) [5]. TEXFPIE R, 2014 FFELISK, s EZTFEK A
K HE N P K SRS, BARGTIHKED “L A7 MESH, HEEHF KB EH
AW (EENI, B, 2018) [6]. £FXTAEFFHIKA RIS, 1R 2 10 H 45 F PEIRCE AN AR = 22 el
MES R R T, R, 2020) [7]. SEHVERGE N A RSk 1A 7= 28 Tl ik, i DABE A 72l 4544
MRS HERR IR, SR IR BRI o AR = FR B A R A B 3 AR P BRI PR A 5 B0 D elonk 1) S5
o N THRREL . S FEMET, GE RSB ZR R ER BRI, e ER
AR AT A EINNIREE TS G | BEIR M FE S NL &, IR M 2 B R AT RIS (R, 15V,
2009) [8], F4i th B 45K 1R BN V1B W i A R sk A B A PR B IR (R, i, 2015) [9], T
BAAFEATIZ B EAER, T AR, MRBEHE, 2022) [10]. B/ kN &35 (ZEA R, 2018) [11]. & Hi X 2 a] (i
N, TKE, 2022) [12] (0 4% 4 B 3 A P2 R A AEAE 57 0 M ARRAE

Bzt ol g FEATERA RG] TEERTZKE, BAMRh T =82
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R ERAE LSS TR R I 59 B T BRI OR

22. FEHARERELERE TRNHEEERE

R RN PSR TR R A G P BRSNS, skt e E R
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R, BEUAH H BRI 17BN R T B R TR A R (e i A B A AR R

—ROANNSZR R BER AR ORI S AT xR, IS Oa T AL kg, gt
POl RET O SRt S B A R AP R R AR TR P RCR AR R R BN Y, TR E R 32
TR A N BHRINEED SRR TR B SRR AR A RCGEEEEOR F3RE 21
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Figure 1. Theoretical logic of the interaction mechanism between digital
economy, industrial structure upgrading, and green total factor productivity
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Table 1. Digital economy evaluation index system
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Table 2. Input output indicators of green total factor productivity
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Figure 2. Changes in decomposition factors of green total factor productivity in different regions
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Table 5. Coupling degree and coupling coordination of digital economy, advanced industrial structure, green total factor
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2013 0.835 0.228 0.436 5 Wl 2R

2014 0.899 0.307 0.525 6 UGSl

N 2015 0.94 0.375 0.593 6 s I

v 2016 0.998 0.351 0.592 6 UGSl

2017 0.964 0.591 0.755 8 2% i

2018 0.99 0.592 0.766 8 rh i Hp i

2019 0.942 0.492 0.681 7 W1 Wi

2020 0.942 0.492 0.681 7 NG|
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2011 0.652 0.039 0.159 2 PR
2012 0.503 0.155 0.279 3 o 2k 1
2013 0.817 0.127 0.322 4 B e
2014 0.8 0.351 0.53 6 LTSt
2015 0.795 0.484 0.62 7 IS
B 2016 0.949 0.312 0.544 6 yuEi st
2017 0.996 0.522 0.721 8 RSN
2018 0.991 0.507 0.709 8 i
2019 0.903 0.612 0.744 8 T i
2020 0.903 0.612 0.744 8 i

BB, AWM A E &R K REFETE . SR G R A R RS A B
FERAT A A AT AL B . BEORT, 4B % A ¥ 2 2 A T Wl 25 8 2 s b R B B, T W22 3¢
PSR T LR 2t G AR 7 R R U0 S5 D A AR IR, WU S8 A v 3t 2 T A3 R A
SHIEIIEIR, BABOKREL a6, o UIHUIREE Ser S0 AR M58 . P OL A 20 BT 2%
AR s BB AU I 42583, = IRSER BT R

3.2.2. FBATBE R FFHFE

T 3 EaR T 2011 3 2020 SEAEAFEIIX TG PSR TR SRt A BR A P R IR G
FERR S UL RO PR . T LA Y, EA R X B F 2200 P T O e (4 B AR RS
FRENEAR EREET ETHEY, JFH HATEA B TR R E BB RS PR B e A it
BTt B AT O BT B XARW], BTG PSS T AN R A B A AR R G T A
GRS, BAAERERCOME, =F I IEAE A R AR & P 5 2R AR Ih il 55 R i
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Figure 3. Time series characteristics of coupling degree and coupling coordination degree
3. MAEFBE BB R I

4. {RENG T R SLES
NT R TG TSR TR DA S e A R A R I Eh A HE R &R, AW AL A
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Wi & E A (PVAR) B KRS . PVAR BERBESRI © VAR BB A DR BUE R R R R AN, X
VA ZRRENA, EFRNEE T RS AR B BICAHT R PVAR B0

q
Y = 5o +Zﬁini,t—j + 4+ G
i1

b, Y R BT AUE PG TR LA R S A R PR R R 1 x 3 BIAR R, By ORI,
q AWERREN L B FoR WA BRI o B E ZE0ERME, Y AWAEAREN S I, g R
AN BRI E RN, 6 R 2

4.1 FRERE

58, Bl I [0, ACHIE TG T AR A BEAT B A ARG o A 4 R B s = ANASE p E /T 0.0,
1E 1% 7K _EsRZIIR e A7 A0 SRR AR I R B (52 6). (M, SREA TR RS, PSRRI,
FoALSE R G BAL P A2 T AR

Table 6. Unit root test for panel data
7 6. HIR¥IEN L LRI

BT AR A B LLC #r% IPS #r5 ghit
PSRN —15.2138 *** 0.6955%** R

F SR T4 —0.5779 *** —1.8659 *** PR
OB R —220.8128*** —16.3225** P

VE A U, PR LE 196007k R B L
4.2. TR BUER

NHE PVAR BRI 4, SREL AIC I BIC #EN]. HQIC ¥ AT LR & PVAR B 53 4 )
AR JE B R (R 7). WA RRY], St R BuE £ A 1 R e E.

Table 7. Selection of hysteresis period in three information criterion models

=7 ZMERENRE R AR

B % AlC BIC HQIC
1 -10.0543* ~7.88661* -9.26273*
et
2 -9.98262 —7.53691 -9.08343
- 1 -10.3905* -8.55218* -9.63367*
AR
2 -10.3155 -8.3693 -9.6042
- 1 —11.0942* —9.36664* -10.4229*
P
2 -10.8264 -8.8406 -10.0502
N 1 -11.0414* -9.29317* -10.363*
[litksl
2 -10.8163 -8.80741 -10.032
1 -10.0091* —8.54617* -9.42123*
ik
2 -9.73653 ~7.99297 -9.03329
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4.3. E=ARERKLLE

AR 0 72 YR 0 i B, O TR B AT M 22 AN AR AR 6 . A B0 R I Bl 22 B R b 5 4 2 TR
P {EIELE T RS, BIECT Lt M ML S5 T 2 IR AE B35 I EON IR R R o R 70 IR A 2 DR AN
PP ST, SR A ER AR P AR 7R WSRO e B A P R R AT L B AL
TR Z AR o RSk (A BER A RN, B e BE A L S5 T P AR OR BEIE 28 IR B
YK 2 A E R TR S SRt A B A R I SR o RO 2R RO R U 1 4t B X b
MIBERKR, N DRI =FHHERKR, Pz PRE. KRB R I T % 8.

Table 8. Granger causality test results
8. BENERKBER

A A4 FR Excluded Chi-sq Prob
h_advanced 4.583 0.032

h_sdig h_green 12.019 0.001
ALL 12.067 0.002

h_sdig 24552 0.000

h_advanced h_green 5.8907 0.015
ALL 26.632 0.000

h_sdig 0.11242 0.737

h_green h_advanced 0.55514 0.456
ALL 0.55533 0.758

4.4. EREEBEEE GMM R

e T RISz 5, AWFiEE “Helmert procedure” Rij [ 18 22 4315 V4 B B0 1) [ =2 24
N, oAt h_sdig. h_advanced 1 h_green 43 387 22 B ML 8 BN B0 Pk g5 M m Ak e Gt
BEFRAFRLTH, RIIET NAEZENEEE S A IERZ HZETL KR, iz R4 GMM
BEAT) SUHEAS T BRI EER IR 4 9.

DS G E N R A & . A E R PSR X B &5 1 e — B B S s 2 e E R . 3L
FETRIR BT B F R AT @, HERAG SRS WEZN, JHEKERN
RS, SMONTBE AT AR SN A SRR B BRI E . e BERAE RN TR
G IR 5 M E 4 ] 2 T RS ) b DX ) 20 R 3808 47, R R A 2 TR v s b Xt 77 2 3 MR 56
SR A B PR R AT AR BRI RN R T IR I REIR A R (M A R A = R . MRIBAI L, SR AT RAFE
REFERFARIB AR ARICRS L, X S5 GE00 58 3 BRI S REFE. M5 e, mro i
e Tl IXFE, ZR(REERA 7 R4 S v BETE 2 S R 1 PR BT R U £ 500 H X 28 5% K ey SR 1) il £
TERMEHEABE R Y. HAREDHRMEHER . thoh, SEATRA PRI s Tl iR A
H, RGN IR A A AHES) AV AE O A N T AR B Al AR AR 5, Aol m] A B S eod i 5
FEARTMTA R I T ARSI A= 5, 25 SLA2 4 R T A% A5 10 i 18 R g L b A B A T BRI 2 3 A i
PIHL T dL ) TABCE, Iz &&= ABAC R AR ZIR R R, R S8t B R R
PHAS T B F A TR
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Table 9. GMM results of PVAR model for digital economy, industrial structure upgrading, and green total factor productivity
9. BFEF. FUEUARSRELEREE PVAR BRI RGHEMITER

B e B
RS & h_sdig h_advanced h_green
L.h_sdig 0.649*** 0.457*** 0.00859
(0.131) (0.0922) (0.0256)
L.h_advanced —0.0243** 0.802*** —0.00385
4
(0.0113) (0.0132) (0.00517)
L.h_green —0.274%** —0.386** 0.00225
(0.0790) (0.159) (0.0481)
L.h_sdig 0.555%** 0.204*** -0.0137
(0.178) (0.0693) (0.0319)
L.h_advanced —0.0618** 0.792*** —0.0150
(0.0279) (0.0157) (0.0113)
L.h_green —0.436* —0.408*** 0.00617
(0.227) (0.104) (0.0800)
L.h_sdig 0.737%** 0.683*** —0.0247
(0.182) (0.124) (0.0397)
L.h_advanced —0.0204* 0.810*** —0.00832
Hh
(0.0106) (0.0138) (0.00782)
L.h_green —-0.0880 —0.252** 0.103
(0.0804) (0.105) (0.0738)
L.h_sdig 0.746*** 0.908*** 0.104*
(0.125) (0.168) (0.0621)
L.h_advanced —0.0148 0.765*** —0.00451
[l
(0.0149) (0.0263) (0.0104)
L.h_green -0.134 —0.553*** -0.0211
(0.0849) (0.186) (0.0905)
L.h_sdig 0.727%** 1.545%* 0.0904
(0.141) (0.690) (0.125)
L.h_advanced —-0.0127 0.706*** 0.0239
At (0.0165) (0.0804) (0.0184)
L.h_green -0.0217 0.318 —0.00339
(0.128) (1.224) (0.152)

AP b 251 v A E D W R AR 6 o A R0 D 2R [X 77 b 25 g v A 0T | S A s B ¥ I T /R
XA L 25 R T T o0k e B B A R B R A HEAE o IR RO L S A TR B — €
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B B AL AR R A BT LB 77 M S5 K T 2 PR M A 2 2 T RN ) X T T [ 5o 4
FHEARM B KRS BRI, ARG T HLE, M SGEE BRI, 3™
W R, ARt P S T o 2t A BEE AR 7 FO0S P b 25 M) v AL B R M A A R R TID  ZR f t IX A 0
REFUAFEM, (AR, UL X R B AR S

PR A SR A P A R AR B . A B e & M IX S (A R A 7 ) | B ) R e A e e 2
PEAG IR o B 1 V0 P DX B 22 A B o0t D A X ) SR 8 4 B A P R R SR AR E R 2 8, #E 42
Lo Ho At X A T B VR R . 22 T U R A PR Tolk 2 () SRR 2 U SRR (T,
WRieHE, 2020) [21], Xt B 2500 S (A R AR P AR I M R K LR AR . Pk 5 T AMY
S 2 [ J T O 1t X2 T 2R AT 5 02 IE(E R B L 2 VAR TG, U A IUT Y 7l 5 A T e €
AR AR E A, (BRI SR a e, kS M T RAE RN RE S e T 4t
S BRI R R S B I TR

4.5, Bk R

Jk et o 7 R K s I A AR A pAY A A R A B A et I, P AR AR e A pAy A A R A R v e R
LEPNT R RZ WIS ERR. NEBR TS THERE 1 MrfEZ b5 885 6 1)
F ko 15 5 R o v e ) 21 2 s AR R 32 B b o RO LS R, BT AR R AN SR 2 9591 B X 1] .
A B rp 8 — AT R T 22 B (sdig) 32 2 — N R ALAR HEZ H i 3 VAR RGUE R, 55 AT AR ™
Ak £ K 7+ 2 (advanced) % F) — A FALARHEZ I ph it VAR REUE IR, 5 AT RE S s s g™
# (green) 3 F|— A FALARAEFE ) P X VAR FRGUIE R IR o

4.5.1. BS3 8 SH AT
Kl 4~8 %5 (1) (5) Q)VNELFEHT PSS TR AN SR (0 A B AL 7= 356 B B (kb B . 4

SR, 2 E A — Mt )E, Brasr. ok oSk a4 B R A P R m NAE Y KT 0,
R AR = S X K 5 B ph o R B R AR AE R, FRE BT PR SR T2 DL R Skt
EBRAEEAANEH SR BEEREENBRAEKBIS .. (H&=FNREBREAR, BWAEFHEK
SR A 6 I D R R RS s PGS G S i B J R T, R BEER AP SaeER
AR RIS — WL Gt A BRI VER 7 o IX e B4R 42 B2 30 AE P2 SR AR T /M PR B P (R A 0K
HBL BRI, AR ETHD, AREBRERT.

452 BFEFxS5=IEHARNERNRXR

Pl 4~8 194l (2) 97 b 235 ¥ T B0 020 5 A kv o 7 [ o T 7 b 8 K T g — A 22 g b ot
] JZ 1 DA AN [ DX, By 2035t RIS G 170 RO, (EL S A 7 1 2502 i 6 I 1) 568 5 ) 158
KT, FEIIA, ML SR T2 AT R R 20 4 DX R i 5 A S B S Y S ) e B R SR AR
MR PTRESAE— AR BAG A “ P a0l o Pl DA LRI LR B4 PO EOR BL R X I8k
PV “ R TbAL” B (G, 2016) [22]. BLAN, PSS T RA S BA —ErEE, #m T E2
Ho e e A — s N sIE A .

K 4~8 (% 5 (4) BT BT oL S A B kb 2 P o TN R B MR ZE B by, AR
ARACZ AL X 0 B 28 B AR AR T S 255 ) 1) RO, LKl T i 2980 4 A I ) 8 96 S 18 i 5
4 W R Z T Ag . XU B A B Pk G5 A TR A BRI AR T, e 22 B T DU R AR
FPL A AR AR, IFHESD L N ERRIBOR QUHr, MTTANER ™ L5 K T+ 2 . (ERE R I TR A HERS
BT 2 T R AR RN IR P
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453 FRFERELERETRHEDXR

K 4~8 g5 (3) ARk th A BR AL P A BT R B A B P S o TR 4 A B AR P R ARt 22
by, AsgMIER 2R b2 At XA B 7 22 B AR B L S 2 (R S RO RN, ELIRH A (R RS T 4 2 SR A
FESE 2 W2 Ja A R MR 2 I I 95 o 2R bt X 4 €0 4 B 3R A 7 0] B 2 5 R kv e 2 285 SR AN B

K 4~8 [ 5 (7) U T A G R e B A P R ARk R N . ARYE GMM THR R, BRI HSHX
b, B g P (A R P A R RS B ARG . ARG kb e R T B e A
PRUEZE PR T, 7 AL X A a4 R AR AR M S 2 A IR 1R K, (ELIRA I 1A 8 4 R 04 I 25
BEMIRHTEISS, B 6 WILUEZH-T A

454, FAEMAREREEERETEHERXR

Kl 4~8 1995 (6) &k t A B F AL NS P ML S5 A TH R Ak i 7 P o TS 2 8 4 B BAE 7 R MR
MR, BRAR AL ORISR FPE I 2 A, At A o Athts DX PR 7 b 85 4 T AR L L 25 8 97 1)
RN, HIRXMAA R RNAES 2 W2 5B EiEIgS . S BR A R m L EREAR RIS, (HZ
FREEH AR IE D T RE 2 3 BU™ Rl 98 AL 2R BHRBC B ACRAR N AF I, B DUASA 7 b 45 K ) e AR
F(RAege, XEME, JREIR, 2022) [23]. (HAEREE I AIHERS, SR04 2R A AN RINHORIE D 224
FALHAL, TS AL BT, ISR S R ARACHBIX 7 b 5 H T R BN IE RN, IE [
OB S 1 5 I B
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Figure 4. Pulse response function diagram in the entire domain
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frgaty, 4 2 D A S €0 4 B 7 R AE BT PSR I S 2 R AR e RS, ELIRR A e A R 0 B S
Ja T g PSR TR SR A B P AR I RCR S2 BN R X BRI AR R RE . BURF AN S5
DRIZR BRI 20, T AN ) 18 X7 Ml S5 T B0 2 4 B3R A 7 SR A ko i S 45 SR AN
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Figure 5. Pulse response function diagram in the eastern region
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Figure 6. Pulse response function diagram in the central region
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Figure 7. Pulse response function diagram in the western region
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Figure 8. Pulse response function diagram in Northeast China
8. ZR b Bk e 7 iR ¥ (5]

4.6. HEDE

N T EIRE TR R BT A ST R S S e TR A RAEAR RN LA R R, PEAE
AR RGN AR BRI TT, AW 1L 3 IR 6 WIREAT 7 2= 0 RTINS AR 10,

Table 10. PVAR variance decomposition results
%< 10. PVAR HENRER

Bl H% sdig advanced green

sdig 3 0.966 0.001 0.032

advanced 3 0.072 0.912 0.017

A green 3 0.002 0.000 0.998
sdig 6 0.957 0.003 0.040

advanced 6 0.132 0.840 0.028

green 6 0.002 0.000 0.998

sdig 3 0.959 0.002 0.038

advanced 3 0.094 0.861 0.045

N green 3 0.002 0.002 0.997
o sdig 6 0.951 0.004 0.045
advanced 6 0.155 0.777 0.068

green 6 0.002 0.002 0.996

sdig 3 0.993 0.001 0.006

advanced 3 0.105 0.882 0.012

N green 3 0.001 0.001 0.998
i sdig 6 0.990 0.002 0.008
advanced 6 0.220 0.760 0.020

green 6 0.001 0.001 0.998
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Continued
sdig 3 0.982 0.001 0.017
advanced 3 0.080 0.885 0.035
N green 3 0.015 0.001 0.985
[l )
sdig 6 0.976 0.003 0.021
advanced 6 0.166 0.784 0.050
green 6 0.018 0.001 0.982
sdig 3 0.995 0.004 0.001
advanced 3 0.101 0.895 0.004
green 3 0.007 0.009 0.983
(e _
sdig 6 0.987 0.012 0.001
advanced 6 0.170 0.826 0.004
green 6 0.013 0.013 0.974

AR T Z 0 fRas R, WNEEEEKRE, BFEasr. Paiirt gl kgt B R A7 RIS 3 Wi
=FH DRI B SRR T2 96.6%. 91.2%F1 99.8%, X i =& AT B S K R, FrhlR s
BRTRA R, AN RIMHER, =FX 85 MRRE RS, HREOSERERRE., £5 6 M
B, B GBS A T AR P2 2R A N P S R TR T 13.2% R0 2.8% HIfRRE )1, ULEA B AU
UM T R F BN R . PSR T RSt o e BR A P2 R RIS B 7 4 5 otk 7 0.3%H1 4%
R D), VIASEEAER AR EYMBFZENRENEERE. RS 6 WIN, Hrabrfrhdg
FATE o B Gk 0 A TR AR P2 3R TTHR T 0.2% A1 0%[KIfRRE 77, Ui X G o 2 B R A P R AR i
(=

FLABAS [ b X R B 4 ]2 T, S [ 110 A2 PG 350 DX R ZR b [X 4t 0 4 S 30 A 77 5 B 1 I 2 35
FAGERRE, Lz 6 1, BB R AR vimk T 1.8%M1 1.3%M @R /), w1 H
fib b X ) 0.19%38, 0.2% o 3 156 W £l 5 48 5 11 R BT T8 3t DX R ZR AL i IX () SR (A BE R AR = R R THEE A 2
EE .

4.7. FREMKRIS

TR (7 B2 [ U O 8551 TT B 32 B A A B HEFP IS . BRI, O 1 RS A A R AR AR, AT
TS H W KA (2019) [24]19757%, 38 IE BB S e (1 9 2R AR B O HE e I 48 SR A ek

RAEARBACVER R IR EE R, ZRES. . PUES. ARACHIX B 20t 57 a5 AR S E BRI
LUK B 2355 5 7 M S5 46 (I 38 2 JE AT IR o DRSS RS Z BTARZETE L, BRIk T LA A FE
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