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Abstract

Under the background of big data and artificial intelligence, this study focuses on the coordinated
development of intelligent transportation and the economy. Multi-dimensional time-series data
were obtained through web crawling technology, and an evaluation index system was constructed
after data cleaning and interpolation. The entropy weight-TOPSIS method was employed to score
31 provinces in China, revealing significant disparities in the development levels of the economy
and transportation in provinces such as Guangdong and Shanghai. Based on the coupling coordina-
tion model, the provinces were categorized into four types: high-level coupling, coordinated rise,
transition, and imbalanced decline, highlighting the uneven regional development characteristics.
Further, the gray GM(1, N) model was used to predict coordination and analyze spatiotemporal
trends for eight representative provinces. The results indicate that provinces with higher coordina-
tion degrees exhibit favorable development trends, while those with lower coordination degrees
need to optimize their interactive relationships to achieve sustainable development. This study in-
novatively integrates multiple modeling methods to quantify the synergistic effects of intelligent
transportation and economic development, providing a scientific basis for governments to formu-
late regionally differentiated policies.
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Figure 1. Flowchart of the modeling process
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AR _ER AT 2013 42 2022 EWIE 31 NEBZEBH ARG A MATF R4 H
POy, FERTHEHTE AN .l FIRERIE, AT EA RN GO ICEVE S . VTR A R R B A
B, RATEIEABEE R 100 43, FEEMEERE 3T HME AT . X PR PR B 45 SR A TR R, I
IYBIEIE 4 FNZ% 5 R

Table 4. Economic system scores by province

F 4. BEARFRFIDR

Ay 2013 2014 2021 2022 SE3 4y HE4
Jbxt 54.0895 55.1828 53.7712 57.3487 54.3255 4
R 27.2801 28.5242 26.0564 26.4401 27.1352 7
ik 15.2450 15.0509 15.9436 16.2571 15.0494 17
L7 9.9969 9.8090 10.6592 12.4081 10.2589 26
R 15.6160 16.2416 14.4002 16.3208 14.8804 18
Uiy 20.5009 20.4739 16.8071 16.7274 18.1591 10
Ak 9.5466 9.2744 10.5737 10.0800 9.6689 29
BT 11.5357 12.6771 12.3771 11.2887 12.7204 19
g 51.9924 54.7521 59.4877 60.6585 57.4406 2
L5 53.2715 54.3321 60.7467 62.3969 56.2913 3
T 38.4324 39.3487 523015 56.3257 44.6712 5
2 13.3310 13.6483 17.3303 18.1115 15.1329 16
Gicyeid 23.2025 243197 28.9411 30.8466 25.5570 8
AL 10.1409 10.5807 13.4825 14.7869 11.6510 23
%R 32.6031 33.3472 37.9180 39.9658 34.0950 6
I 16.1417 16.6616 19.0697 18.9114 17.4419 13
b 16.7010 17.9240 19.2143 20.0850 18.1055 12
i 14.7733 15.4073 17.5134 18.2431 16.2039 15
TR 73.1381 70.9978 72.1911 71.9943 70.7770 1
] 13.0798 13.5118 12.7481 12.4400 12.6943 21
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v 18.9795 20.3213 17.4202 15.9097 18.3128 9
HIR 15.7903 17.0746 18.0526 18.7346 16.7507 14
L 16.2291 16.8414 20.7557 21.3842 18.1115 11
B 11.3013 10.3063 10.1291 10.0948 9.9706 28
= 13.6812 14.2512 12.1731 11.7578 12.7044 20
LT 15.9405 16.4368 9.5462 8.8930 11.6496 24
B 11.7964 12.3617 13.5371 15.0358 12.3412 22
M 8.7021 9.3056 9.4762 8.6267 10.0554 27
Hilg 11.8023 12.6530 7.7109 6.8817 9.2704 30
TH 10.4135 10.4542 7.9975 8.3844 8.6852 31
B 11.8939 12.3823 9.9769 10.0692 11.0593 25
Table 5. Transportation system scores by province
=5 XBEMAZITOR
EE i 2013 2014 2021 2022 SEHI4Y He4
dbnt 16.7770 15.1478 17.8405 18.4911 15.7944 26
K 13.9021 12.6272 10.6340 9.9922 10.6119 27
b 61.2901 55.8417 49.7130 46.6529 52.8172 5
L7 32.6456 30.4517 29.1676 28.3502 29.1786 20
e 42.5092 38.3538 34.9576 35.1404 37.3349 13
Uy 58.8468 52.4652 30.9184 30.0576 43.5079 12
Ak 22.6219 20.4436 17.6533 16.9266 19.0985 25
BT 31.9549 28.6569 20.9711 21.2837 24.5780 23
iy 40.3631 41.5617 49.4123 45.8532 46.0170 9
T 60.9106 56.1805 54.9343 55.7310 53.3955 4
Wi 53.7587 48.3864 49.7865 51.6766 49.1977 7
2R 69.5546 65.9227 50.1662 49.1445 54.9507 3
Gizyc 30.1953 28.8538 31.5335 35.4611 30.6997 18
ANl 37.9909 35.2468 36.0225 38.4260 35.5199 14
th 7R 57.8816 51.5466 523190 53.4484 52.3039 6
T 63.3719 58.3224 54.4998 55.8021 55.4278 2
bii| 46.8288 45.5163 42.0773 46.4526 445751 10
T 56.7955 53.3814 44.5043 49.1668 47.7929 8
J7 R 70.2589 76.0008 76.0761 78.6012 77.2700 1
P 33.2785 31.3033 35.4330 38.7841 33.0820 16
biEAE| 5.1614 6.0960 16.8181 18.4493 8.3220 29
HPR 25.8728 243671 26.7703 26.7028 25.5459 22
pa)i| 49.0081 45.7078 45.1208 473021 44.1836 11
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Bk
M 30.9379 29.8637 28.6703 32.2658 31.2027 17
=M 29.6641 27.8615 31.6481 35.7897 29.3222 19
(i1 5.8927 6.1027 7.4004 7.3511 6.6564 30
] 38.4942 35.5699 30.4755 31.3222 33.6289 15
HA 24.9809 23.9752 23.4333 23.7792 24.0145 24
H 9.0873 9.6395 9.9324 10.3302 10.0525 28
TH 7.7783 6.8914 6.2446 6.1862 6.5207 31
o 29.0633 28.2603 26.5804 29.8517 26.2964 21
BAHAR
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Figure 2. Distribution of comprehensive evaluation scores for economic and transportation systems
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FIH MATLAB X Ll P R AT T 0, 25 RaniE 2.

BEAh, BATETE T SR R A PR, IR O A R RO EREAT R BEBN, S5 R 6 Frr.

Table 6. Calculation of coupling coordination degree

Fo. MAMBEITER

A 2013 2014 2021 2022 P4y NGRS
[ 0.995 0.995 0.995 0.995 0.995 10
L5 0.874 0.848 0.867 0.871 0.8431 9
kifg 0.775 0.781 0.837 0.818 0.8135 9
L 0.765 0.736 0.808 0.829 0.7686 8
th 7R 0.74 0.71 0.745 0.758 0.7203 8
I 0.575 0.554 0.595 0.601 0.5726 6
Jext 0.6 0.564 0.592 0.607 0.5724 6
Gicycis 0.546 0.535 0.59 0.623 0.561 6
bik]e 0.538 0.537 0.555 0.583 0.5477 6
g 0.537 0.521 0.583 0.6 0.5447 6
Ly 0.627 0.593 0.479 0.479 0.5428 6
Zh 0.53 0.51 0.559 0.57 0.5309 6
I 0.533 0.518 0.543 0.572 0.5307 6
Tk 0.553 0.518 0.538 0.539 0.5279 6
S 0.507 0.486 0.463 0.497 0.4767 5
HER 0.441 0.434 0.472 0.482 0.4496 5
i 0.427 0.409 0.437 0.453 0.4228 5
Bpt 0.413 0.398 0.431 0.464 0.4139 5
Py 0.425 0.409 0.411 0.43 0.408 5
bW 0.356 0.337 0.452 0.49 0.4014 5
R 0.451 0.423 0.379 0.37 0.3895 4
BT 0.385 0.38 0.364 0.358 0.384 4
i 0.384 0.371 0.338 0.372 0.3596 4
Bt 0.375 0.308 0.351 0.381 0.3461 4
1L 0.335 0.284 0.367 0.412 0.3437 4
M 0.236 0.229 0.31 0.308 0.3141 4
RS 0.281 0.214 0.309 0.308 0.2714 3
tisaea] 0.202 0.208 0.397 0.4 0.2537 3
Hil 0.251 0.248 0.158 0.16 0.2005 3
[ 0.224 0.188 0.178 0.179 0.1855 2
TE 0.205 0.157 0.109 0.134 0.1382 2
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B0 EIRRR G O R BT SRR A R AE D, ATRE 31 ANE R PUAEEBA, B BRIV IR AR
Lo Bl WL AR S BRRAEFEA RS bt AR, Wb, POl 2T, 2. iR ks 28
SRERAEAE NS BRI R, TG BRI, SR, TLUE. RE. BEIL. B AR S v,
HR: VUM S A, R, HiF. EEHERX. TERRRX.

MR LR, T LA M & MLt SRR A R T T AR Z 9, KR e R
ST AN [ M [X A S 3 i 5 20 B R FR 2 T DR AR 959, DRI BRI B X M A e R O s 253t
SIS 5 AUt L AR T AL S ISk e, b BRI A JR AT T B S kA

M EREMETTUAE H, AT 28— BRI 6y, REE PR BESMEHRAE 0.7 BLE, BHTZAR A B9 352
Wiz KT SEGE R EACT R E TR, ARG RAL, AR IAE T A, RS PR T
BME 0.995, Iz FUIF A A 35 AbF 55 —BEBARI A, 9P EH SR, i ndmT re i AIAE i 0.5724
AN 0.5477, BRI IPAT PR BRAE; X T AAESE =Ry, DRI R, Bllnpkig e A s
FE 4 0.4139 F1.0.408, 1ZARBAE 1 VMR ACT & T Wil SR SRR o 6 T AR S DU BR AR 484, R 5EIR
B, SRR EESSRAE R, TR APYRE T E R, N 0.1855 A10.1382,

LiEPTd, RES ARG Sy RS — R ot, (HR2 TR S IX A ALl iz fn 5 4 5F
RIRIIATHIE, N T HES KBRS 5 F h B A RpE i g, BATR 28— oo T a5 5208 8
BETE, SEElAdT 5T, SEElsE s 5 45 i i AR -

4.3. £EXBEEMSEF AL RO =ES S

ARSCEFSTI 2 T, BATEBK S M1, NYBEAL, K EEh 25 GM(1, N)BERL 2 — Rkt & R
W BRI R G AT N TTE, H T XEAERE AR SR D . Sl s B MME B A 5 B 48 1) i ) o dfs
AT AT . RO E AT ATE 2 R T BE AL IR 46 (0 2 AR B E 51, i — R B s 245 2R
HCECR 51, AT SEAR L R ol T R, A — B ek Al 7 79 R R R ALUREAD I e I ) AR 3R A5 E1HT
FPOI R DU . FEHATZIE AT, BATH B EAR BAT R LA a6, 8o R LA e, 75 2
B REAT P RS e Ak 2E

4.3.1. B GM(, N)IEME S HriEs

BEXT R A TIETESE B, BRAVIR ST A AR AOEIZ M S A TF AR LI, KO A7 7R A
ARSI, Fith, EFN2HT, HA17 B2 GM(1, N) VMR ST IR R LS. XT3
Y BT A0

(—) & GM(1, NyBEE!

TEAE RGErR, TR o $5e 38 3 T 6 52 MR 7 A S T 0% H B ML RS AT, B, K9S SR LT
U B B 4 BT A VRGP 51, IRk — 35 RS O R SR AT A0 B R T, S Pl 0 10 K £ 45
TR, G0y GM. K GM(1, NYBEZBS R — B N AN K @M TR 16], A IS8 T7 Lo 0T
ARG HFAT WA R FAT WA RO, AT R R R ORI Eh BB XA RBRE 0 L R 5
FAFEZ M TER, DUk R

(Z) AT

BT 0 TR 0 = (1,50 (2),00x 0 (n)] > (1 =1,2,0,m) Ferb i 1AM (6O (o)) B CE
TR, FARDTF {6 (0),-,x 0 ()} B HARRAT AR SEMAIIE, T 5o AL S LA
AR, PR, AT B R A KO R B s

k
()= x5 ())ok =1,2,n (22)

j:
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T UG KO 1 — U RN R 51 A
X0 =0 (1),20 (2) 2 ()] (23)
KB I TS AR VR KNSR, R TSR R AL . BT R 9 P 7 R
1
(k) +a,x")
dk
K —a NRIBRE, ay,-,a, ARSNREL, T RBR K A IR K SRS R % 2 WM AR R,
AL, AT LUEI e SR A A T a

(k):azxgl)(k)-i-%xgl)(k)+--~+a, xfll)(k) (24)

n

a=|"?|=(8"B) (BY) 25)

Hr

1 1 1 1 !
so| A @+"G)] L) - 10 (26)

xl(l) 2
0)
y=|" :(3) 27)
A (n)
4.3.2. REBFM GM(1, DIER
(—) &R
B N DR BSR4 W 75 AR LT M1, DAY, T B TR ARG, W R A BdE 51N -
X(O) — {x(o) (1),)6(0) (2),-")6(0) (n)} (28)
Horb n RRAEOA S T EESI G
(k) a2l ot SR (29)
_ K=23m
x(o)(k)

-2 2

UnSRPTAT (0 LU AR5 AL T 5 7 i X TA) X =[e””,e”*'J P, T X T LLEEST GM(L, NYBER AT B
BEATARET o 300, 75 B R AT I8 A A B, Ao B AT P A e e
A (k)= x (k) + e,k =1,2,+,n (30)

(Z) BERIEST
e R EE AR -
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¥ _ {xm) (1).2% (2), - (n)} @31

Horbn NARFEIAN K, 2 JExt SR s i 34T SRS 208 K -
xO = {x(‘) (1),x" (2),-x" (n)}
k (32
XU (k) = Zx(o) (i),k =1,2,--'n
i=1
B N F 2 (0 R SR A6 258 1 5100 AT B A DA B 22 i S A SO, RIS 2 e — S
HEBRLIEE T el LINE

70 _ {Z(l) (1)’2(1) (2),.,.2(1) (n)}

! (33)
20 (k) =5 [+ (k) +x" (k1)
B AL GM(1, DI T2
(k) +az" (k)=b (34)
PNIESEINEY R S i SE R SE
(1
D) | 1y = b (35)
dt
Hef, a NREREL b WL R
S BFREKRE
B S JE, 5502 ek g @ AR 5 1, X T3 311
X0 = {50 (1),2 (2),-x ()] (36)
Rz, Hi
e(k)=x""(k)=3" (k) k=1,2,--,n (37)
JFEE ) X0 BRI E (7725509 SP RS2, T
2 15T 000 5T
S; —n;[x (k)-%] (38)
2 15T 000 5T
% —;;[x (k)-%] (39)
THHERZEN:
C=5,/8, (40)

Hor C EB/NEEF, 35 C<0.35, MEBBRRI, & C<0.5, MR ER; & C<0.65, NETI
RIEARER: & CIE >0.65, N AENR.

(1) HRERAE
RN ERERI)E, 7 C HERGERMF, A LU — D REAT X R B R f R R . %
HIEHEFE B MIA & Y-
—z0 2)1 (2
ORI PE) 4
_Z(l)(n) 1 x(O)(n)
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Ba NS R, R R ZIRER LS

a=[ab]' =(B"B)'B"Y (42)
SR EACTTAR, AT AR 3 2K E T ) B HICT R AH S Bk 2«
NOPAN RO TSN Py )
% (t)—(x (0) aje + “3)
TS x KEE e B T A S 5 370 A
(1) (0L b
0 (k+1) (x (0) aje +2 (44)
1 x® (0) =20 (1), WA BTN
fc(')(k+1):[x(0)(1)—éje“k+2,k:1,2,---n—1 (45)
a a

R PMME R IR, TS 2185 i PO 000 A
(k1) =29 (k+1)- 2" (k)

_ (i(o) b j (efak _ ek ) (46)

() BHFERERR
BRI B )5, 75 B Bt AT R BEAGL IR, 308 3 e e A 6 A 25 i 22 A 56 o Tt A

TS .
1) BRERL
O (1\_ 20
g@):f_ﬁﬂ_i_glksznyn (47)
x(o)(k)
T AREMAEXHE /N T 0.1, WICAERIE EER; DT 0.2 MIER]— R ER;
2) FmERLE
1-0.5a
PR =11 05 ) %)

XA F A REELENEDT 0.1, WP REGEZR, AT 0.2 Mk E|—BEK.

4.3.3. [k R

RXHTHRANH L E T LBz 5EFREBNRZAZ RN EERXR, MEIEFEN=2, Lid
BRI A K 6 GM(L, 2) DR AT Y, 6T Bt 31 ANE 0 kil 43, BRATTAIX IUAN B BA A 4353 3 B L
AAREBEMA AT, H—BARERY R AR, S BARAERGM RS . Tk, 58 =AM EIpRPE ., 5t
M, SEPUBEBEICE AR P 1 )\ANR T RIGE AL T o B -BR bR 4y X, BT — @ RE M, 4 b
RASE IR, FRATTRT CAAy S H S DA B o AT RIS i@ g i o £ AT AR B R Je 2405 Ik 3h 2 4L
WTRE 7,

X N IRGE R AT, BATRIE — BB 0 RANL R KR REFR AT, S RG 5B K E
RGEAA M ABRKERRT, H a2*>a2, NASEIZHXTE G KRR IIH S E KT 450 R B 28 @ s i
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MR B s 26 B BA A AT R 22 BF R GE RSl s i RGUAL A — e I O REBE T, Tl Jb R AT A2
HA @A), QUi BT, DI GRSl I o 2 5t K R hLah 1 K T4
PR X AR ANE s =R IR . STNATE SO E A EA B IR RAE ST, BN EE fnt
L KSR IIHLENAE FI K T 22 5 R SGm Iz s i Fr s F A, 1T B o4 22 5 Jhe x4 e i (4 B 34 FH K
B R AP R R MRS E A . BEVIREBA IO AR PO AT SRl R e 1 H BOK R RE
HAZ s ot 28 5t K R IR sV F K T2 5 K e xt sZ il iz s ) hr s

Table 7. Development coefficient and driving coefficient

#®7. RRERYEEHRHE

) ZHFRNEITA LB EATN
eVl X - - — - - —
KIEFH(al) X3 Z#(a2) K& FH(bl) K3 # i (a2%)
. IR -0.576935 0.341579 -0.300526 1.073803
th 7R -0.950077 0.137941 -0.671089 0.420898
= I Eg -0.136224 0.857356 -0.190504 0.858896
a b 0.159735 0.817114 -0.220892 1.126103
— 53] —0.751833 0.231171 ~3.054659 -2.571747
a G\l ~1.623094 -0.323160 -0.755085 0.463019
p— AR -1.426561 -0.253180 -0.859196 0.281570
[l -1.622743 -0.643810 —0.824489 0.193283
ZTFNFAT NS A
. g r
7 - gl
6 s
s
5+ 3
D]p {E@
g
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Figure 3. 3D visualization of economy-dominated development coefficient and driving coefficient

3. BFAETAERRAY SRR =YEE

DOI: 10.12677/5a.2025.147186 81 Gt 5 8


https://doi.org/10.12677/sa.2025.147186

VIR 5

AL A LAT A 1

e
w

&

-1

-15 1 -2
05 IRZ) 2R3
RIBRH o 3
A FEAT AL 3
T
¢t
%@xlkl
?ﬂét

IRzh 2%

DOI: 10.12677/5a.2025.147186

82 St 5N


https://doi.org/10.12677/sa.2025.147186

TR 5

SLIEAEAT AN 2

op
* it

2 R

-1

9 R AK 0 0T R AR

Figure 4. 3D visualization of transportation-dominated development coefficient and driving coefficient

B 4. TBAETHEREFBSRANRH=EE

M RYEFR M, 55— BhBAS 58 BRI KB R BN RS, U35 28— B AR 28 B A 8 40 28
IS S 2 T R R AL TR, TS = A5 58 DU B BN A B R BN 55, U 5 BT 55 = AR 285 DU s
BRI 1 A28 is i 5 2 0 R AL TR IR, HARGR ILIA 3 el 4.,

B, B ilis i 5 st K RN B EASE Y, BA AT T R, AL R G K
FLAR A TR AR AR, HOR G B AR P R Fe i m AR AT R s X, AL AT LI
SRR SRATMI T 5 o B n = 10 Ja, XPEALEEAT TR 22 thR S, Fr Bl i 2 e B 22 Lo
B, PRI AT DAASE A s PN [ 17 AT 06 AR SR B O 7000 - X BLBAT AR B a1, W& 8.

Table 8. Posterior variance ratio test results of the economic system in Guangdong Province

8. I RELFRNELRRER

GDP I OEHI(E A BEokEs EEE AN ERAWE
(%) JC) T (IT) GDP L& 5 GDP tbE  GDP(JT) EURAGL) F (%)

CMH 0.0109 0.5398 0.0753 0.149 0.1795 0.0098 0.0039 0.0411

IR

3T R BE TR R B OE R DR S 2 C=0.5398 <0.65, IAF] TG AR TR . SRR
72 LOAS IG5 4% Jo WA 2R AT SR A I 10 J T 7 =41 858, IX HLEAR SR MR A4 T 1038 o FE AR SR HEAT 0 AT -

GDP ([E AR E) 3 m A EEMNAE A SR, BT — A E R IX 45 R 1 a kK
o EERHRETEA T GDP, BT ATRAL(ILIE 5)15:
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Figure 5. GDP projections for representative provinces and municipalities
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Figure 6. Per capita GDP projections for representative provinces and municipalities

& 6. RFTMHA™H AL GDP 7Ll

Hi[sl 5 FIEMTIOW SR ), ARFRMER T ARKR=4E1 GDP ¥fad B, HasE—Ramhm Ra ik
PR T ARG, W LU0 S 2 TR IR RE VM A R HE— PR T AR AR L BT R
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AT AT (L P 6) 15 :
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WA, BRI, X —HiRRmNX BT AR A R TR R, MU GDP AiK, RN KRR LZ
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B0 AT R SRS R S
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Figure 7. Urbanization rate projections for representative provinces and municipalities

B 7. REREE DB LR

ot EEEAE T ORI, REE AT R, A T RSB R AT B iR T, A DU B EIE
i 5 200 R R R AR AL A8 IS R, AR SR = 4R B T 5t v LA B L R RE P R i i
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Figure 8. Projections of total highway mileage for representative provinces and municipalities
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