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Fig.1 A synergistic evolution mechanism framework of digital economy development and ecological environment



53 3

TMFRA . BT 2T A e 5 A AR IR B DI G A K A8 L 145

H A0 B DR AR T TS B HE R, AT IR B Ak (0 A R e
RIS QBT AT B IR TR A AR
T3 o 3 R s K M — A Al 19 A 25 B B W 1k R
0 25, S92 B0 A 25 A 05 AR G e I A ST AR R
o B SN TR B B 4 LT, A R T fE sl A
B H A N [ TS PE RS HER Y
o AR S DT 8 T A 05 XIS B 92 fiE 0 5 1 A%
R BT g Ul A A g D Az A FR BT AR
Zigh 1. BF AT SR EOR B Y, Ol
i FEARAR SR BOCE S A AL B8 9 IR E L, 2k
— PR SR BRI, S iE Jeif BRI A 25 18 52
BB T 5

T3Ob BT AR K R IR R = 0 T i), H
F Bt 2™ A 0 25 A SO0, ol B o
DR ERBEFE B T IR TR £ s 4z R 4
B AE S5 Y, B2 X A S IR B AR
i8R, R A 2 e 2 ROd R B T A T A
LY S FE R
112 EFRRMEHEAREENYFEFHEE

A BRI AN BOF 255 R R 3R BEIER S
A R H 2 A WP 2 3R, I R 2 A i
P2 38 Ly ), R BRI 35 i DAE RS
W R TF AT R IR AR SCHE S NI R, #
FRER B (AN O E A AR A ) R RORTIS
7 BEHCRURE A2 B9 FLARPREE 26 1F . LA il AL
A6 25 A R R4 A 25 B AT R AR B a0 3B AT A 18
HIRERE , Dl AL 300 , DA T A 25 7 ol B 3t T i 4
K TR AR 25 A 5 F 2z, AR AR AR BB R A2 FRORE L
T Az B A | BRSO A R, o B 2 B R
TE L2 o 24 25 R R 0 Bl BOR BB Y 4K
SHPEM . B AR IR A AR S PR PR AR (AN A A2 AL
15 e B IR il 2 A0NA BEAE ) S BT BOR B BT S
B T EREH K. i, <X H pn
AT X BEERR S 5 SRR oK o XAl
ARG I B BORQUHT , AW B I 2 T &
JETT 1) o DA S FREE R B4 5 1) V5 X805 22 5
KRB IERLE . PRETEUOR R AR (E R L)
SRR ORI R IE A FR L) I 7] #4507
22 o (0 e T B 1) L BRISE o OCHR ML s g £ A
VR B AR T PR A B 5 5 AR [
WA TR S5 T IREE A BB - IO M, 5] 3 9t
AR A 1] ¢ (5 IR AU R AR, HE S 807 485 1 B

Bk U T AR R R

T30 MRS T LA R BE ORI, nT eI I %L
7 IR BN Y 12 2 A FIE AT KU L B 2O AR
S-BUF UM EE R AT P, AR SR I AR B
I (RS L PR G Ul & o A=) B3N I i
i, ShAS S BT TR JRE , —E RS
T AL R
113 HEEREFHTLRES FERIE

e LR XU 9K Sl - S L AR T B 4
DF 5 A SRR IR T R GEAE B 5 R 1 A B e
A ESPRZ LR S BCr 2 5 - BRI S RS
A 23 S AL o AR TR & e B B, 32 2 15t ik
JE B B XA A R, S RG]
RE 5 BP0 U] L T — Jg 08 A — TR D 9 ) A e e
PERIE o 1N, AR 22 B R e T B S5 A o
Ja BB B, AR 25 S AN SR T S BUR G R KR
T RE NTTRE A AR AR o Bl A2 S AL SR A 5
RO T ORI 5R , BUT ATIB L LB AR BT
B D A L R B oA T T = i d e L W
r AR R BUE B R R 1 S R AS SR . o1
N, A BRI 58 BORIIAT 15 T L] o 4
8y DX 3, I ) 3K Bl 55 3 07 1 B 5t B A T L By I
KPP R AR SR A AR AR e 55 | BE L fiE
JIAN Rl JRE v 157 I DX, 2R G ) AT RE DAL £ 1)
S A5t 2 77 B A R B AR K P B[R] A9 B AR
A&, BOBCA 1R 7K P R K S 70 Af F) e 8 Ty

1.2 HFRFERSESHENRELAKFENE

Fik
12,1 HFEFEAREESINEKENE

(1) fEtnik RZ 8, IR RITLTT KR
KV, S A G R A A B Bl e D A
Tl i it 457 22 % 7 AR | K 42 O kR LAtk A
B B WS B4 4 I 14 TS bR 9 PE A
R(R D BFL T HERBOEYE R R AEBCT A
SCHERE T, BB CELI ) 8 7 F P EIORAS 3l i
B IR A, LA B XA B I 48 42 1) SRR
SR A . B G0 7 Ml IR G 3 A o A
TGO T ST AR B B B R, HAR G HL
AR 55 WS R RIBOY 55 WO 55 4 T4 s o e85 7
M5 T = i o B2 0 Kk R S 4 AL R A
By XA 7 BE B =l b XA 7 R



146 o

v 46 %

F1 BUREBHFEFRRSESHRREEETNIERER
Table 1 Comprehensive evaluation indicator system for
digital economy development and ecological

environment in the Yellow River Basin

I it
e B ey
K Ffil it 3 LT P
e S E O
PARBE ey s5 A
(4 HFEHLREC PR Ml A S
S G RHIREOL M5
WTLF AR B
RIEHER g o oy b g = L0 L
=P R T
T AR P 3 1 o
OB — T P4 3 PR S
NS RS
ERIEBC e e
W LR
I EAEE KK
JRETNCET
VU T AR HER
Tall ek i
Tall AL
FEHAT TR AR
P B LA TR
LR %

S = ol A BT HEE R S R R
S PAZI 2855 A K L A5 S SRR 55 A%
PR 2 T R BRI SCHERE ST o 7 i Rl
R AL R AR 7 A Rl 5 -5 0 WA P 24 6 11
R R R R R D R AR b, DL RS
FHALE RIS TH B E LS8 E L
I T R E R A TR T YR
MBI B3 A5, I 8RR (R 1) o RS
BEFTT L, B B K G 5 N 4% 2 ] 2o s i AR
VRN ZRAE, 5351 S5 e X I C R AR ¢ IR Bt -5 3k i
A ML ACE o A8 TS B HERO i, >R H Tl
R 22 HE R | Tl R AR HE R 5 Tl — S AR AR HE
i, JHEAB i A 7 T s A IR I ) o AEERAR
IR, L Tl AR 2a 6 R R Asis B3

ToHE AL BRAR R A X S A 55 3055 3 iR e, A
[7] S At 23 7T YR B OF 5 4R S A

T ArcGISF- & B =5 (8] 0 DI fE , R 1 A SR W
RS E R BT SR 2 B R KT A AR ER
BER A A R AT AR

(2) LEEHERANE o R AR -/ IMEIE RS 251
TRV AT IO A AL AL PR, e LR BT RAR PR AR

P, Xy (1)

ST s P, R A SR BUTE 5 4 FE A BB (1

i<n)o

SRR e )

1 n
G/*HZ(PHHP;/), e €[0,1] (2)

HHE2ZERERE(g):

g = 1 - ¢ (3)
TR j R bR AL (W)«

WﬁZiﬁL' (4)

2&-

o m A FR AL lsjgm)o
RPN T RS AR )

U= 2 WX, (5)
P

mEMRAENE

e GERE 5 03 ) B2 ASE TR A7 A W A oy R < e —
PR BE(ELRAE L0, 1 AR 5 70 A, 22 B0 3 45 21
Fh FRE X (&R T D, BRI PIERS
F DX AN I RS T S B B AN s L, WL
FVEBRINAS T R G BA TR S5 5 2 X R 4 AUAL B
FHEURZIT R AR AL T R G MER R 1/2n
U7, MELLR L WA 2% R GE B S PR RS AR o BT %
A AN, U A X A5 G b A R SR R A
Ot TE S BB E NS R R ) b B AR T .
I, AR SO A A P 9 2 A A T £ JEL e, 00 R
TR 2 U R R S AR S IR S R .
WA TR U i KRR, MR A O -

1.2.2

C—ﬂl%m—ijg (6)
D=JCxT (7)

X C.D I RIS AR & DI L, — 2 U
WHBTEO = 1. SR CAVITRCR , R ESHIE S



53 3

TMFRA . BT 2T A e 5 A AR IR B DI G A K A8 L 147

BT 25 R RIRE S DR BT B dn o0 44~ B, I ik
— 45> 8 AU ARG, TR R DL LA 2.
x2 WBEMEAEFR

Table 2 Classification of coupling coordination degree

G G BB FE U IR G YRR
0.90~1.00 e R 0.90~1.00 5
0.61~0.89 BEEHS 0.61~0.89 RAFHA

0.56~0.60 GRS
0.48~0.55 WL
0.21~0.60 SR/ R 0.40~0.47 Wil B
0.33~0.39 ESSL]
0.20~0.32 P
0.10~0.20 REME 0.10~0.19 JRCES

1.3 AN EEHFEFEEHIETMME X RS

Fik

TR ) & H P10 (Vector Autoregression, VAR )&
AR T TR SIS (R ] 3 81 R 5 VAR BB 1Y 2y
AT AEIR T AT i [A] R 2R OC 3R M B Bl A8
S PR R R BT, A SO T
M VAR A7 1 FH 2 Bl i - 2 0 & 5 SR
By shAsme I B 2z v, E AL HE LA PR AR F
Ttk A RS R& KT R Al 11 (Gener-
alized Method of Moments, GMM) J5 5 7E I A 50 4
AGTE VAR ATk v )37 R 25, BLAR SR 0
TR UL B PR A Y

1.4 EERIR

YT DY B 29 g A YT 22 0% A7 [ K g 2
o SRR A AR SOR RIS . PR, AR
WFFE 0 A 55 T  HORN T & BV (e NS
R LR 8N X, A A B 1 AT R, ek
BT 81ANHT o AEAAEAY R 2011—2021 4. Hidls
kB Ch E TSR ) s T AR s . &
Xof S A3 S A, SR FHAR B I A T 4P 5T

2 HRE5SH

2.1 HFRFRBMESINGH =HE

2.1.1 HEEZTEHIE
2011—2021 4F , ¥ Al i 38080 7 48 5 & i 7K - 5%
PR B S FY ZEA PR BN 0131 B4 iM% 0.427,

S M DX 5 A A AR sk . AR A R T LA
3N 3B 2011—2013 4EIG KA bR, B4R 25 T
A 7 R R B 2 b & R BRI ) ) IR
15, VBRI = 115 S 4B R B 28 77l
AR 52014—2017 4F i ASG HE 22 0 , thT 32 [
FAEL S5 K 1 iR A E AL 587 L 5 AL %
TN PR35 R0 il 5ik Ak 4 52 ), 4507 22 0 5 SR &2 0
F14) Rl T 7 BB D, T 050 T R 7 2R A (i) S
TFUs B, T 3O A R R A T 2% 52018
ELLE, e B A RN 5G4 T LA
059 DA NG/ AN N Y = 2 A I 6 a4
AR o P BT AR R T R R S e s B
225 TR SR I AR A

AIF ¢ 300 P9 B 90T 9 S A S R e R K R R
P - B - K I B AR R SRR R EUN
0.319 I F+%10.392, F-1£ 2016 4F 3k 2 2f — 1~ = 1%
X5 U ) A S S B A B R s YA B
FTEEIREEVIAE G, Bl 30 T 40 10l % , 1 2018
SRR BRI /IME 0,263, IR A B AL Tl S X
WAEA AL FRE T F 2% R R R
56T N, B N PR R e ATh 7R A2 3 K A AT 52019
ELLE R s ETRIRAS , B R R B I
Sl A 2 R R i B R R L S, 45 e A
BAEE TS FERR 55 5 T B ARREE in ok, #fEsh A=
DAEERDLZ A ME 5] 2021 4F 15151 0.328,
2.1.2 FTESRIFIE

B A 4 T R R s R Ay S (B 2) .
RS TS BN P IR T K L S A L
BT 2 R R SR —H BA 5 R SRR X i i A i
B AR AE T 1R X A8 2 CERE) 30T LASR R - X
OIS N e A N R | W O3 A P R
I35 0.164.0.203 F10.356, MARF I K F i<y
< U e e ok 2 B A Jy o X s AR B bR 450
TE R =5 B I PR« i X 37 BT L B 5
HAR &M ARG L e %, 2 DR s pe IRk T
gl A= 7= hy B 2 0 R RN A8 D1 51
T VR DX T A A 1 XS I AR R G )
JESLRE  AE HL TR S5 VR R A R S AR T 2
& RAFI 7l S B s w BARE , OF 7 A
FUBRN , WA TR R RPEAE T ¥ . 5
A Tl 5% 11 PN 2 [a) 1 b S B TR B — SR IR AE
DX IR B A e (B X R R I —



148 o

[

5 46 &

A1 20114%

500 1000km

500 1000 km

[

AR X
165110018

BARKFE X
= 0.109~0.254
HEIREX
0.255~0.337

g | BRKPRX
0.338~0.471

B HREX
A 0.472~0.617

TE T ARV TR AR A b PR IR 45 190 34t 7 P15 GS(2024) 0650 5 b bl 1 il 8 i P s SR TG A 4
K2 B T 280 R KT 3 1) o3 A
Fig.2 Spatial distribution of the development level of the digital economy in the Yellow River Basin
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Fig.3 Spatial distribution of ecological environment development in the Yellow River Basin
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Fig.4 Spatial distribution of the coupling coordination between digital economy development

and ecological environment in the Yellow River Basin
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Table 3 Stationarity test for variables after differencing
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Table 5 Test for optimal lag order
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Table 6 Estimation results of the PVAR model
using the GMM approach
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Coupling relationship and interactive response mechanism between
digital economy development and ecological environment
in the Yellow River Basin

Wang Hairong', Wang Yongfeng’, Fu Zhanhui’
(1. Henan Second Geological Brigade Co., Ltd., Zhengzhou 450016, China; 2.Henan Provincial National Land Space
Survey and Planning Institute, Zhengzhou 450052, China; 3.School of Culture and Tourism, Henan University, Zheng-
zhou 450046, China)

Abstract: Clarifying the synergistic evolution between digital economy development and the ecological environ-
ment holds significant theoretical and practical importance for promoting green transformation and sustainable de-
velopment in the basin. Taking 81 prefecture-level cities in the Yellow River Basin as research units and based on
panel data from 2011 to 2021, this study systematically reveals the spatiotemporal patterns and interactive re-
sponse mechanisms of their synergistic evolution by employing methods such as the entropy weight method, an
improved coupling coordination degree model, and a panel VAR model. The main conclusions are as follows:
(1) From 2011 to 2021, the development level of the digital economy in the Yellow River Basin steadily in-
creased, while the ecological environment exhibited a fluctuating trend of growth-decline-growth. Both systems
showed a consistent spatial differentiation pattern: upstream < midstream < downstream. (2) The synergistic lev-
el between digital economy development and the ecological environment followed a “U-shaped” trajectory, ini-
tially declining before gradually rising, with continuously strengthening spatial positive autocorrelation.
(3) High-high agglomeration areas (HH) were mainly concentrated in the core zone of the Central Plains Urban
Agglomeration and the Shandong Peninsula, with their spatial scope gradually expanding. Low-low agglomera-
tion areas (LL) were clustered in upstream regions such as Qinghai and Gansu, showing limited spatial change
and a low-value locking effect. Both low-high (LH) and high-low (HL) heterogeneous areas were sporadically
distributed, reflecting insufficient regional linkage.(4) Both systems exhibited path dependence in their develop-
ment trends, which gradually weakened over time. They demonstrated mutually reinforcing positive effects,
with the digital economy exerting a more pronounced driving effect on the ecological environment. This study ex-
pands the research on the interaction between technological empowerment and ecological constraints at the pre-
fectural scale and proposes corresponding policy recommendations, including implementing differentiated spatial
governance, enhancing the radiating capacity of high-value areas, and breaking the low-value locking effect.

Key words: development of digital economy; ecological environment; synergistic evolution; interactive re-

sponse; Yellow River Basin



