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Abstract

Focusing on industrial digitalization collaborative innovation in Guizhou Province, this study system-
atically analyzes the spatial differentiation characteristics and collaborative innovation potential of
industrial digitization in Guizhou Province by constructing an improved location quotient model (DLQ)
and digitalization collaborative index (DEC), and by combining the complex network theory with POI
data. The results show that (1) industrial digitization in Guizhou province shows significant spatial
heterogeneity, with core cities such as Guiyang and Anshun having specialization advantages in digital
industries (DLQ > 1), while eco-functional zones such as Qiandongnan and Qiannan are prominent in
eco-industries; (2) the complex network analysis reveals a multilevel collaborative innovation net-
work centered on Guiyang, and the DEC index shows that the Guiyang-Qiandongnan (0.96), Zunyi-Bijie
(0.998) and other regions have strong synergistic effects; (3) digital synergy paths under ecological
constraints are unique, and a win-win situation needs to be achieved through the “digital + ecological”
model. Based on this, this study puts forward three suggestions of spatial optimization, industrial
complementary chain and policy synergy to provide theoretical references and practical paths for the
digital transformation of industries in underdeveloped regions.
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35 b B P ) £ B ST 1] [2] o BT Gt AN A BORAMAE X3 M W A oA 7 S ST A AT,
NI m R R A R R it TR0 ah ), Hrh BT BRI S b S S O A RS
RUERI AT [3] o X BT -5 W [ BT O BRONTR T2 5 5 40 3 AN ST v o7 e e ) SR B2 B A2
5t A VE I KRB 2 Sk I, f5edls J LR AR RO — # / tRHAS 1HD R et B BLR 46 5k
FHRARGHEG ARG T, I HIA P ARSI R A S BT RESR WA [, i LI
XA BT Z A A PO P RIEI S &R, il Bl o b S AL AE — R ATT i, BB, R
FEMNZEER, SR EF A, 28 SN E I ZARS™ N, B A BSR i E S Ot 5 Bk
W I AT DR A G 5148 7 B A U R B BR 5 28 TRV RR AL, RS 52 L AN [R] X 7k e e 25 34
WOINFERC ISR, BTN P bl 9] BB FTERE 07 170 5 0B Bk A2, 9 ML TH R BT 1)

AHTFECA BT M RGN, SR T 8T SR SRS 8 5, MR T RS SO XA
(DLQ) 5/ ML P I 5 £ (DEC) FI /X HTHE S, 5 4R T DX 3™ b 8 A ol [ PR 2 1) 3 AT R AIE L 5 R E A A
L RN . B A E T B2 MR AE X Gr it Fe i N 4R, o AR 25 e 55 IX HE b K 22 5F
Kttt TR S % 5 LB,
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SRR G SN EIL0I[4]. BEERZREK =M. R MERIEMX, JASGE IV ERPETE
EERUPRAZ[5], 06T R R IE b X I A AR A BUB X 1) = b B A U LR T AN R o BN 28 1 S B RS
oA Ie X, H Herrd + Pl ” B IREN A RORIE L X B T ARG R, (HIUA BT
TS R BURAR L Z T, B XU R QT P28 54 . RUCRIM B % 25 1) 57 o ek ) S E 40 AT

P 2% £ B LE P P R QT 7 AOZ S, P T 2001 BT 2 AR (8] 1) DG IR 5 BE 5 25 A AREALE
B, 4% 5881155 (2025)38 i3 2% SBM B8 1 7R B N8 AL A ROR I 2 18] 43 57t AAHIT Fe e e b ip )
OISR ML T TR S %, (RERIE(2025)IE T AHP SHEGRTE “VEATE” HIEH, MBI T EH 00
AR 2 RGARRBU (4 R J1[5]0 DXL R AR i S X = b A FR B 2 s, ) V2
T AR TN b, AR FE 5 5 4 I 28 285 - LA S B A B [) BRI A% BRI e 73880 I

DA B HEAR Qo E s - N T Re) i PR RS J) A« S T BE e R e Bl Pk Py R [6] . 25K
£5(2025) LA “HRERER” i, 2 B ORI o i R A R AR X IR R AR, AR AR
Ber A H AR B RSB T RIS [7]. HF HAAEAESLER N BB AR, ]l i i X AR S i e
{5 = b ) SR Ak B B . SRR TS5 (2025) 18 HY S R N A AL VR B P AR A AME S AT AR,
TN B P BT T N AR A A BB R 25 (8] /2) 2% (2025) F i (AR A 2 A% R b « = X A 7 25 ]
gER, AT A T RO (AG RAR S A5 (9] TE B 5 ) B [ 5 T X 45k B [0 600 3 A st i 5 — 4k
A5 FEAHI[10]. REBE 5% (2025) 1 0 A I B M 48 e e b 32 3 =2 e B IR -1 £, R AT BB 22 06F 5 [X
BRI R [11].

BRitz Ak, SNA P B A R BB AR — E R R . B2k, SR SEE AT P E
FNEIERN CEBMGORE” R, Hr B T3 e S & T . MR T (2025) 0 iR A R
SRR TR, R A FEFAE AT B P\ BE ], 75 44 2 S 0 T D 28 DA SR AN s 1o 28—,
KB =) 51 AU E F[12] 0 M4 REOE 25 AR08 X @ e 3h T 807 o A B b R B, (B ERAREANTE
HH X R AN ) % HE (3] LI ik B 2 AR AL P i 43 T BT RN Al R W R B BT RE
SRR I AR A . 25 =, ARG MBS R i DL AT b SRR ) T AL el A R, (H T
Ak k2 NS Re O (A ZE 3 . WS HEAD) BN R B, A= 55 HoR Ma & A Bk
[14]-[20]. Fib—BHRE “REHE + idfdr” “REHR + SUR” S F o R,

FrCAZE b, B SRS = 340 U R BB I AP e =R R . B, B s —, AR
2T Gt B, B2 X AR S P A S5 R S XA R I S AL 2R A s R, IXSE S AN
o B ARSEURX . RORIEHIX I SUERF LD B E, BURBE LI . e b R A R 2
PR ARS8 S5 I R BT AN 2

AW AN BT ATAE T, PR AR 48 SERUFAE - XA 23 8] 3 5 — AR S L AL 7 19 =4k HTHEZE s
a7 ot MG P E A EL AR AR RR R AR, R RORIE ML X SR AL AT SRR 5 A S BUR X Her ik
R BE R T AR
3. BI|E
3.1. BuERIES AR

AT I EARHT i s R 5 4 #2023 4F POI (Point of Interest) ¥ [21]-[25], #2: #7 M & B 7
b5 A 2 e 6 2 T 43 A 5 2 WF T R s SR 6 AN TR 3 AN VAN, BLHESRPH T L 8 T
ANEKTT S 2T BT, BT B AR B RN SRS TR . @ SCA RIS, O POI R
Ry =2 ek POl (W REHE L. b8 X . 56 JEuh%). A7k POl (W BRI X . #&
WA SXEE). HAh L POI. A RBEEHE 1 —2tE, KA Python %546 POl #d EAThrEAIE B 5
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SRALEE, AT Y B Gert H R, IF HORERFE PO HidiE o Uk, AW SR DL R e -
T 2 A A I, K m i P POI B 5 TR v EAME B BUR L IE X 44 ST 2 &
I, SR S EE AR 5 EE POL); Bk AT SCsAiE LA, 3@ id TF-IDF SRR 5 N 44
VB ST ) O R (A “CRBARAL G AT CAESIRIERTEX ), AR RBIME: K LJERT
HHTTANEZEM PO AR St 455, Horh Digital — %1 94 S HE L 80E, Other 514K HA &
AT = g A=l B

Table 1. Number of POls
%< 1. POI 24t

City name Digital eco Other Total
KT 3956 1774 85,213 90,943

2T 4233 1744 83,612 89,589
Ly 5006 4268 129,605 138,879
HPHTH 13,078 2661 259,786 275,525
34 10,201 7689 273,745 291,635

T 3553 2375 83,090 89,018
BRI E BN 5070 4912 119,891 129,873
B KR E RS BN 5419 5024 134,341 144,784
BT IR E R B IEM 4224 1988 96,643 102,855

3.2. WERXAE(DLQ)

D AN R T DR A 22 S 7 R ) LU 22, AR SCHEAR S IX AL (LQ) [26] 28tk b 51 AN K7 b el A
H(DLQ), LARE & BT S 3 AR B TR FEE . DLQ AIZEA 2 (1) .

_ POI,,/POI,

™ pol,/POI @)

DLQ

Hrps(1) PO, R 5t M B Tyl s AR L EURE, POIL, FoR 5tH A JIR TR T A POI Y
B, POl FR SN A FTA T AT P ks A APk B, POL SR st i =k POIL Hii,
# DLQ,, > L MM AER T m (8 b i T8 PR (At 3),  DLQ,, =1 547K P —3.
DLQ,, <1MFEREF KT aE AR k), FRWERINE 2 Pror.

Table 2. LQ values of digital industry and ecological industry
2 BFELRESE LQ E

City name Digital eco

ABKTH 1.075257371 0.813768082
R 1.167935882 0.812097371
BT 0.891004067 1.282047579
BB 1.173291012 0.402902699
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X 0.864626467 1.099883102

T 0.986603829 1.11301776
BARBEE MK B IEM 0.964971548 1.577813975
Bm AR B B YE 0.925175241 1.447589328
BRI E R B IE M 1.015135283 0.806319725

Digital &=Lk DLQ 18, eco XA DLQ i, MRXAEIRILAGE]: STFHTH . i
s NEDKTT S AR LX) DLQ > 1, Jir B S8 X i B AL P ML RS R 4 -~ 27K, R
A BT RHAN 22, AT BEA5 2t 1 BUR S (5t B R Bds 556 D) s s SO 0 5 Sy Adrdy . 38 3T s
PSR EE AR R VR M L B B AT P I VR N A B IXAE eco A1 DLQ > 1, Pt DL SE[X I A 45 77 b
UG 4248 P B1KF, B DA 23 AR A2 b B 3

3.3. thElHa#ES (DEC)

N T ZNE A IR 2 PR T 5 AR T T W O &R, A SO T ey A A B R 48 #(Digital-
Ecological Collaboration Index, DEC). HAZ%C» AR 2K PN 11T 1K) DLQ (B AH T /5 347 )3 —fb AL B, A
i B AL F 3R . DEC AR (Q2)Fris.

DEC, ) = DLQgigtar % DLQZ, + DL Qg * DLQZ, 2)

(m.n) 2 2 2 2
\/D<LQ<;Ti]gital) +(DLQ:;0) ><\/(Dl-QtTigital) +(DL enco)

Horb, m A n 23 BIEROR PN, DEC R 1 FRoR i [Fl ko . 38 1 by [F) B A2 S MR T E A ALY
BI{EL(0 0.95 5 0.90), Al RBIHARUNE 3 Kk 4 .

Table 3. DEC results

2 3. DEC 4R
NFKTH i) L] SFHTHE MY T

NFKTH 1 0.99919 0.9506112 0.95015368 0.96722365 0.98052353
IR 0.9991895 1 0.93734683 0.96193377 0.95621843 0.97182306
Ly 0.9506112 0.93735 1 0.80645453 0.99826825 0.9930567
SRET 0.9501537 0.96193 0.80645453 1 0.83984155 0.87041354
T 0.9672236 0.95622 0.99826825 0.83984155 1 0.99825703
AT 0.9805235 0.97182 0.99305662 0.87041354 0.99825703 1

Table 4. DEC results

% 4. DEC 58
BARMERMEEEM PEMEKEEEREEEN  BEEARRERERM
INEKTH 0.930853976 0.937901772 0.999726057
ZIRTH 0.91539141 0.923177791 0.997973657
-5l 0.99829193 0.999252499 0.957615446
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SR 0.77053188 0.782993359 0.942596012
T 0.993126358 0.995247945 0.972901916
HT 0.9844877 0.987766674 0.984851777
MR ERMEBEEEM 1 0.999804216 0.9391511
MR E R RN 0.999804216 1 0.945764189
TR R E R B I M 0.9391511 0.945764189 1

M 3 A 4 TSR], BUEVEEDY 0.770 (51FH - BRI K)~1.0 O4f f 2 S amockxT), JAaT 7Tt
ORI FER R, RIALMER S5, PrULE T it JATIEREGBRIME 0.95, DLILH = M 2%,
PRI MM 28 i 1 poR. FEHO TP Hz0 5RO/, MFRT /L, BATTE % A R B (R K

F 0.9 WEBE ML, WK 2 Fis.
3.4. MEHESIHIMERR

N EBFUEES XML (DEC>0. 95)

ZIT)

Figure 1. Guizhou provincial digital and ecological industry correlation network (DEC > 0.95)

E 1. BMNEBEFUESESEIKEEMLE(DEC > 0.95)

Hp i lkoLe
LG
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EMERFUSES A KB LE (DEC>0. 9)

HF e =dloLa
HASFkoLe

i

Figure 2. Guizhou provincial digitalization and ecological industry correlation network (DEC > 0.9)

B 2. SEMNEBFHSESF W XEKM L (DEC > 0.9)

Table 5. Network topology metrics
2 5. MEHIMERR

REpEE 8L/ FIREREL RROE Sl YEe NS
DEC >0.95 9 23 0.815 1.417
DEC>0.9 9 31 0.940 1.139

WRAEIR T 2 (7] (%) DEC {8, MDA T 1 mis P E s B i B AR AR 2%, il 1 A& 2 fos,
K F NetworkX %5 Python FETHEHOCHINEM:, AT SE. PHRAR. FHREBREKES,
W4 5 iR, FFHAEIEATEAREERE 1, 30 LR W0 2% 45 M HE 43 «

Q) e ES

FEBAAE A K Fa0 Y A5 (degree = 23), H: PageRank 189 0.287, 23 T HAbI T, ENFHAZ O AX
AHAT 5

P A4 M T A5 B A (degree = 5), {EAM RO MEHES 55 —(BC = 0.153), JRBRILIEAED - HrthH
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IR .

(2) ARSI -

KH Louvain SR> 2L, U H 3 AMZ OB

BERH - 2B &R (modularity = 0.63):  BAE K EIE 4L

PARET - AAAER - B4 X (modularity = 0.58):  ASCIREUFEAL A A

W - HEAT LG e L (modularity = 0.51): ARBL “Hir + HiliE” BhARRAE . %P4 TR B
A A MR AT S /M SRR IR 4%

4, LT SER
4.1, XPLREZSIEMFE 4T

RO AL R (DLQ) TH AL, St a Wk =S Rl A B 8 25 7 i . StfH i Ve v 8 4 bf iz O
DX, HHey ol DLQ R T 1, I BRI R SRR AL . 2 AN HK TR R — 52
LRI kTl 2T, B3R B RS AR ST R X e A by IR B ey, A ™
Ak DLQ BMEEIE 1.4, SeMi S 7= b AE 23 B AT W2 A BB A 5 XA “Hrr i - RS s
A% RS “Hy + R Bha iRt 7 ISR,

4.2. thEIxREMIR7

¥ 31 DEC PRl B 45 367 17 5e A B30 2 M 37 5 A8 P2 i [F) D6 &R o 2 b ) 5 P R A 152
N 0.95 B, MZTEEIBRH . 2. BRI O B E LM, B ARSI, PR R
N 0.815, BN 1417, HEECE 0.90 I, MZE@EMRGE, 5 S REREIINE 31 4%,
RERZRBILE 0,940, “FHm A TN 1.139, PhRZCR B ERT.

BEBAAE A IR EE AR AT, 5 22 NI T (G id S B AR T HRAT) T e 4 o AR RIS B VR A R A
AR - BP RIRHEOCE A A, SCHE T BAMNS N Z IR S5 G K EiES .

4.3. thEHER 533

SN ST BRI R, BE 3 ANy, RIS REAR S B A AR S SO ALl [R] B o 5 e
BAEE . Hrh gk DLQ = 2.1 R FiE T DEC 5% 0.62 2 nt B4 78 5 A= 2577 b () i I e s 5 g
e 5 BE R B = b el — B4 2R R PG VLT 1 28 5 X CURE AL B IFD) s AE3S LQ = 1.9 B AR Fgidid DEC
540 0.93 I MRS - BUrf G, JBISRM]: R L AR S HEE RN R G0 AR R R L
(BN LQ = 1.32) S HE (R L LQ = 1.28)f /% 0.998 HIThAIAIL “Hrrii R + &4l
(RIRh B i B AR A

FEMCEERE b, FRATAT DK A =28 A da oy F2,  FE RS 4, Wik 6 frs.

Table 6. Classification of collaboration modes

7 6. thREIHER 572K

Py EBY 0 22 SR R
WBAES R % R (DEC = 0.96) A O #ir ﬁggjﬂﬁ i
EARWE  BAMH(DEC=093)  EAMUERLRMECE R GEF’%%@E LSEES
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bk
RAEREASA] i X —H4i(DEC = 0.998) R BIEE N RS S
HURWE KT (DEC =0.89) TR L SHEES s BT EK B
FHERY  ftko 2 IF(DEC = 0.85) A B ) @j“ﬁzéﬁﬁ“%

5. ARGILESBEREW

(1) 4

TIPSR, RAMFHLIRE . B, SMAE I ECE R R RO B A AR R, SR
BB~ WA RS, MASREX AR TR =, JET DEC R i 7] b 2%
s /M TR RN 2 Ak SR, SRRH . IURES 25 B A I T AE 4 A T OGRS AT E s BB =,
MR R AR AE, AR ORGSR RIRS B S R S 2 R, 75 2 2R

(2) BUREW

BT UL RIS DA S5 AR H LU BUR . Bk, TR TSRS, KFE “5BH - 5t
B BFEVER, SIS AREE . A ARSI A X B BRI AT R, R RE R R T S A% IR T
ThEE T AR: K, Pl PhFRIAME, 76 DLQ mE Xz “He + AR PG, KIESURKEIEF
G BER., SEHIESERA VS, IR KE, EITHENS0HE, IRERELENE
T PEHE BRI SAESAMENLE], FTRATERE 2, R st SBOR T RIRCE . 4% Rid g it
H DA B sty -

St B R E TR, (ERS RN R 3 NME B NSS T AL, 2026 AEET 5L 100 MTEUN
5G fii: AL ERBARMAT” , WS REIEAE G Ak, By R M A S M ( PM2.5 YR B
KR E)AThR A BN ZE ;. 7 DEC > 0.9 XIfEAT “XUEEK]” « msPHmBiX ER e 58 RE
MR BB G HE “SURB TR IIAE" , GRBEHITRERE SR, WL 5 120 “4R -
Hermais” , EARRRLAS DS AR BE IR 10 MRVEIiH o filE (SRNAE
5 DX SR BRI 2 ) - B AR S BRBUR e - USRS 3 C F A (G USCBURT /4t X % 3:5:2 43 TiC)s Ha
“Br - R EFEZAE R, ¥ DEC TR ATTMBUT S H %, X DEC [F LT 0.1 s lish
TR I 4 2 .

(3) Gk 5Tk

RT3 b, AW SR flA SO XA 7 (DLQ) 5 E 42 M 4% (DEC), M T “ZS T kil - P45 HplH]
M- AT =g HTHESS, ARRIEHX P B A e s gt T T B Hl &L TR, IF B4 hig
HECR @ HeT MR, B “5iPH - 52 ” HUFaE i, SRR ES A5 B N S5 10 2% IX (1 AR vt
(USSR KRB 6). EP LI FETTH, X5 LQ > 1.5 XI(InBSF /), kil “#y + Rkl
AMEE AR ERIEERTE 7T, WA TR E R T, B DEC < 0.8 il (Und4-) AT BUEE 22 [ 7] .

6. MRR/RSARAH

POI (7 1) e 75 s 7™ b 2 18] 93 A3 75 T BT — 5 IO EL. & REE A2 A A1) 2 o AN IR P ML A
B2 [ _E A RS O, i L DX R B 1 R IS AR SR A A, ARORHE M AT SR AR K
PRI R X A% . JRT, POI HdE 7778 B2 (R R YE, At & Teik R N B Aol ) 388 254 SR 4 M 2 )
WRAT I Ak (8 P AT R AR R A RO, Rk 2 AL SRR BoRGE. SRS
SZ MM EENR R, ZEERO R P FEAT AR TIRANBRAR ™ WA FE M N AENL I 2R BB . FEARRIIBETT
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5orreh, WTRAE SR POl Hdl 5 (M BERUE AN S & . BN BEEE 415 & 3 5 kR SCBE 2, MR
FARE A LB 7 i (1 B 45 S 8 AN IR BRI e A a] g wip ), 3 SR 45 45 RE W VR AL X SO0 LR 1 20 A
AR R R Zh A

FEY R JTTH, DEC fa¥i(R BeARe g fT B Fabr) K 5 A0 B R AU . @ idib s DEC 4R
HAEAS RIS 8] i b AR DL, T CMBE — B\ A SR I B A2 i —H , T T M 7 21 B 5 6 1) PO 47
FHR I 2% S5 K ) i AL AR ) o REIRAE. “ ARBOIE 7 TREIX R KT H # 5t T, DEC 4R 5 e
AL RERS A7 1% TREXT SR SR RE . i, “ARMIa 7 TRE AT e & O3 B mho Z RV R C
2 BRI R SE, XA 2 AE DEC $REUN N P AR A B AL, AT BB AR N B A% T
FEEMIZR ARt X 3k [R5 7 T O A

SE
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