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Abstract

Based on the time-series data of cross-border e-commerce in Hunan Province, this paper constructs
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a multi-dimensional evaluation index system covering scale index, support index and potential
index, measures the development level of cross-border e-commerce in Hunan Province by the en-
tropy method, and empirically tests the core influencing factors through a multiple linear regres-
sion model. The study finds that the development level of cross-border e-commerce in Hunan Prov-
ince shows a sustained and rapid growth trend, realizing a leapfrog development from initial culti-
vation to scale expansion. The growth characteristics of each dimensional index are significantly
differentiated: the scale index expands with fluctuations under the impact of external environment,
the support index provides stable basic support for industrial development, and the potential index
acts as the core growth driver for the development of cross-border e-commerce. The empirical re-
sults show that the length of long-distance optical cable lines, internet penetration rate, e-commerce
procurement volume, e-commerce sales volume, number of express delivery outlets, total export
volume and total import volume all have significant positive driving effects on the development of
cross-border e-commerce in Hunan Province, among which total export volume is the core driving
force for industrial development. Finally, targeted suggestions are put forward from optimizing lo-
gistics and digital infrastructure, promoting the integrated development of domestic and foreign
trade e-commerce, and fostering new formats of cross-border e-commerce import, so as to provide
empirical references for the high-quality development of cross-border e-commerce in Hunan Prov-
ince.
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UCHUBR I 8 185 50 PR A R IO IR SR, RN T R SIIER I S AR M P 0 A, SR R B WE FE 4518 Ju il e
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TEM, SEPPM S RIIUWZE . Tk, S5 5CHR[S], R SCAs &1 48 15 5 i R R R ) SE BRI 5
DXgURF 0, CEEGHT R B B LR AR KT 12 Mabn s, R 10k 1 ITEO Fabn i R (U VS L
R 2), BHERIET QAR T #obn, BIRE 0 BIRREL. SCRHREUS I =K% 0
HERE AR, I 2 FRAR P R T, SEELUR I R A B B R T R RO IORS HEZEL S PR, R RO 4

T 5 PR 4 1 5 PR R PR LSRR FROIR D . = KAR B AR A T

Table 1. Index system for development level of cross-border e-commerce in Hunan province

* 1 A BRRRRKTERER

— R FEhR /g1 TP UL HpL
P 2% 5 (cev) FERBEPBH R Jifk
I PSRRI (cer) FEARPEE RIS RSN TG
5 355 FL R 25 5 U [X (cep) AR S 45 P T 45 1 X K A
FEL P Ak AN # (ecf) SRR LR Al AN A
SUERIACIEE () FEAR PR E Y A
—— A ARV P56 5 (web) SEREEE FAMLHRA Pk A
K2 4 % 1< 2 (cab) FEARKBCL LKL A
HIBR A S 7 (int) GE NERCIEE S ES %
H L (ex) FEAR RV Tt
B VB (im) FEAR B VA Tt
EWAE IR _ _ .
FLT T 95K I i (epc) AR HL 7 95 R fe7¢
FLT- T 9541 5 i esl) AR HL R 95 B B fe7t
Table 2. Development level of cross-border e-commerce in Hunan province (2013~2022)
= 2. 2013~2022 #rg & IR R & ROk
E{=tan 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
cev 177.6 445 518.1 665.7 1194.6 1520.1 1236.8 528 1133.6 903.7
cer 1.33 1.90 231 2.96 3.97 4.40 5.30 3.92 421 5.56
cep 0 0 0 0 0 1 2 4 4 6
ecf 1151 1854 2467 3603 3292 3988 4158 4834 4949 4671
exn 6354 5190 7249 8004 9810 10,433 11,474 12,061 15,825 16,127
web 52 57 58 57 54 51 47 47 49 49
cab 3.84 3.88 4.09 4.15 4.97 4.18 4.32 4.27 4.1 4.2
int 36.3 38.6 39.9 44.4 48 51.9 56.2 60.7 65.2 74.6

ex 14,821,196 19,943,002 19,137,092 17,692,536 23,170,836 30,542,617 44,540,738 47,824,232 65,200,000 76,992,287
im 10,354,112 10,888,601 10,164,709 8,550,934 12,862,461 15,931,584 18,309,097 22,860,229 27,200,000 28,441,242

epc 692.7 1036 898.6 966.7 1162.2 2581.3 2308.3 2820.2 3484.9 3244.4
esl 1364.9 1918.8 2221.4 22275 2682.7 31275 3444.8 4185.8 5065.8 6070.1
*https://tjj.hunan.gov.cn
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1) MUREE. MRBTEHCE B i R R AL AR, SOBRIFS S5 L RN S5 M R B U S T
TAERG O, BiEEE RGN 555 PSSPl S YON 545 F 7R 2 A 16 X B AT LR kB 4 A
ibr;

2) SCRHBH SRRSO I B HL R A e AL Rt DR P, S IR S8 5 156 P 7 A BB 2 B AT IO TR I 55
LG Sc ./ QG RCTR L IVUEZS: PR ok iVS TSR ATICE (o SR STE R & HECRUEE /O S i 242 N1 YY1
GIRAE J 4 AR PR

3) W HRH. W IIRECE ISR A R R K RE, ORI R SRR A TR S TS 1S
KA R A% (a], A4 DU A, 0 A, R R 5 SRR LU B T R S5 4 5 T 4 MR TR

22. AR BIER AL RK TR

FIF SPSS B, w] LAMRZE 2 3R 2013~2022 4F-1i 5 44 15 1% L vl & e /KPR AE , e 3 oo
[FIES, FERUBARE. SCRFRR B DL I 4R80T 15k 70 SR bR, 183T Z-score ARitEAL 5 2 il H AR E AL L
P B B ) AR A T 2R B (1] 1) G567 3 R 1 o] UR BT IE A% O F R bR TP 38 KA IE /b 25, = K48
BRSPS R A, BN (1) BUB4ERE T, IR b 55 & (cev) S WO (cer) R BT KA,
JeTt. FBE RIS ETHRFIE, 7E 2020 SEHHIUEIAYE, X5 2020 AL PASEMAEER
PR Fs (2) SCRRYEFE R, KR IaBi 4R %K 5 (cab) Bt A%, AN 2017 - U IARAE, [RIRS FLIE X8 K% 2R (int)
M 36.3%TF £ 2022 1K) 74.6%, FIN B TR SRS E HARREE AL (3) T 4EREI B (ex) 1
[LELA (im) LA L7 5 55 B 5 A0 (esI) R S AR R 3 0, 2 iz 3 5 455 FHL P K JR A% L0 Bl

B0, EERREERE, THE T ER A TeAR FIHIRI S 2013 E & 2022 SRR KRR S
fa i (cei), HA B EIRARAUE WM. THE BT M A B R R AP R Bk 4 BoR. SRR,
2013~2022 3l e 44 5 455 B B R R /KT R I AR K 35, SRETREUN 2013 21 2.8 K 3 2022 4%
(1115, ZRiHIEL 310.7%, RILH TR & P SLIl 7 D8 & BB 7k 1 sk Uk e .

Table 3. Descriptive statistics of development level of cross-border e-commerce in Hunan province (2013~2022)
7= 3.2013~2022 A BRI A R K FHRR G4 R

G2 HfE brifEE R/MA 25%th iz £ 75%th TN
cev 832.3 429.7 177.6 518.1 784.7 1194.6 1520.1
cer 3.6 14 13 2.3 3.9 4.4 56
cep 1.7 2.2 0.0 0.0 0.5 4.0 6.0
ecf 3496.7 1302.5 1151.0 2467.0 3795.5 4671.0 4949.0
exn 10,252.7 3733.6 5190.0 7249.0 10,121.5 12,061.0 16,127.0
web 52.1 4.2 47.0 49.0 515 57.0 58.0
cab 4.2 0.3 3.8 41 4.2 43 50

int 51.6 12.6 36.3 39.9 50.0 60.7 74.6

ex 35,986,454 21,771,599 14,821,196 19,137,092 26,856,727 47,824,232 76,992,287
Im 16,556,297 7,355,384 8,550,934 10,354,112 14,397,023 22,860,229 28,441,242
epc 1919.5 1075.8 692.7 966.7 1735.3 2820.2 3484.9
esl 3230.9 1488.0 1364.9 22214 2905.1 4185.8 6070.1
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Figure 1. Line chart of partial indicators after Z-score standardization over time

& 1. &4 HEHR Z-score #RtE L IR RERT B AL £ (5]

Table 4. Development level index of cross-border e-commerce in Hunan province (2013~2022)

< 4. 2013~2022 A IR A A BKTEIEH

KIEKVEGRE 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
cei 2.8 3.3 3.7 4.2 4.9 6.4 7.2 8.8 101 115

3. WA BREEEARKFEEWERE S
3.1. TEIXEL

FET IR A B H R R R AT IR M b, ISR 22 gk [a] VR TR % 7T 5 i IR 25 56
HYEEEE LR REARE N, LRt E., MRS E D i ET.

1) WP, A ORISR L SN (cer) KB Wi R A IS B FEL I A R /KCF, ZFR b2 st
BB BAWEEZ.OMP Y, BIREHE R O 5 R &Y 75 i i 5 s 52 i B 20, i
5EEmE i shE. Pk EKEEEIEEX.

2) fERAR R, RN 5 MR —RIGTEAME IZ OB &, 2 A IEE L S (exn), [ RIS
B KT KIS A LR EEACE (cab), KB B EIRER /1, BB K& (int), IMEFTimaiEK
s FETRE S5 A (esl) DA HRL T TR 45 SR AT (epe) I 3 AR 3R HEL R Pl AR5 ARE DA R AV B AL IS B

3) WA . P E AR A R 2 s 5 FE R R R KT RS, IR AR H B TR A R R JZ'EEX
IR A AE LR (ex) LA Rk S (im) FE v AR &t .

32 HRENSHIE

TRk a2 B EARE K, BN V8 & RIS, X TE 28 RN - /MR AL T

AR, B Vi =2013,2014,...,2022 , H
X X; —min(xij)

Xj = max (x; )~ min (x; )’ .

DOI: 10.12677/ecl.2026.1591037 604 TR 4TS


https://doi.org/10.12677/ecl.2026.1591037

I

b, g ORI TR j BRI RAGEEE,  max (x; ) 5 min(x; ) 2 BIFRE T EIZIER B AN
fHo FETHIAY(L), Mt N2 gt [l A
cer, = B, + fexn, + p,cab, + B int; + B.esl, + gepc, + B.ex + Bim +eé,,
{t=2013,2014 ..... 2022,
KB B ORI, B By By SR EN N AL EA RS, & FoRBENLIRZD, HRX
& IMANEBEMETT Z RS, Bl e -~ N(0,02)-

3.3. EAERIY

I I 8] B K 2 BT AR ME S 2 AR R I, T T _F R e O AR AR B D S At A
17 ADF B RAGIG AN 2 BILAAMEAR DG . 12, SR ADF SALARAG IS BT A AR dEAL o AL B AT P A 1
Koo, S5 RANEE 5 Pun. PR E7E 5% ) W MK-P FEZ4E “AP/E AR iR, BRI A A&
PRI TR P A, 06 A2 2 JCERIE PR R R AR AT 52, AN B Oy [ 1) . Lok, SR T Z Ak A
(VIF)XH AR A & 4 thi| AL B AT 2 SRR MR SG, 25 R0 6 fos, wTRURIR: P &1 VIF H5/h
T 5, RUZEEAAALEI 2 BEILLE R, BORBUER L OLS MR HEAMR K.

Table 5. Results of ADF unit root test
%< 5. ADF BRKIGLER

A4 ADF 4iit & 5%l S8 pa FRatEgh it
cer* -3.582 -3.212 0.024 P
exn” -3.427 -3.212 0.031 P
cab* -3.674 -3.175 0.021 Fia
int" —4.125 -3.875 0.018 P
esl* -3.986 -3.875 0.022 Fia
epc” -3.513 -3.212 0.026 T
ex” -4.352 -3.875 0.015 P
im* -4.017 -3.875 0.021 Fia

Table 6. Results of multicollinearity VIF test
6. ZEHLM VIF RIEER

B4 exn” cab” int* esl” epc” ex” im*
VIF 2.87 1.95 3.64 412 3.28 3.95 3.71
KE 0.348 0.513 0.275 0.243 0.305 0.253 0.269

3.4. BEAERE S

FETARAE TR B, R 22 ToZe k5 IR o AL 225 () B AT 0 6, 19 SRR AL
ARG EAMG TSR 7 7 (RSS FoRikZTJi M, MSE RossJiiiz) Mk 8 (Frh Cl FoRAfE X
B e T 7 HOHUESS Rrb ] UK AR A R 5 25 R? 99 5IIS 5] 17 0.9950 A1 0.9775, R )2
RERT R 97% LA LIS B R R KT RSN, RIS F Sttt B 56.86, 1E 5013 MK T IEIL I £ &
HNERS(p < 0.05), H DW {EH)y 279, RUKETLFFFIAMK, EIRSRAME, BAE ARG ECR
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M. BE—DH, ik 8 WA ftTHEE R, W LM BB A& T AR
cer, =0.1-0.45exn, +0.65cab; +1.2int, +0.8esl, +1.1epc, +2.1ex; +1.5im,.

Hor, prf R R s i B (p < 0.05), HARESSHNIE, WA, BRI
P 2 I BT LR R K I B R AR i . BRI (1) H LR A(ex) A R BN 2.1, AFTA AR R R,
T RV SR S0 T 4R B B R R R R IR — 0B g, BMIE 1A R ANBE H 1 i  FL R B L AR 5
PRI, A P E ML B b B SR B S B B R ST UK . RIS, HE LA (im) 8] R
$ 1.5, [FIFEEIURIEMIKED, 24 WAkt D F oK, ARSI R R AL T R R A TR T
)5 (2) FLECINH 2 26 (int") A 45 28 % K (cab™) B BT H R 25053 il 1.2 F0.65,  Horp FLIRC I 35 % 26
FEFITA MR AL & P R BN RS 91 3 —, R IR S R 3R THBERE B 1SR 2t i, Rk 1 Ak
Her A R BOR TR, e P MR R IAZ IR S8, TR e 28 2 B A B2 45 S 18 o S ke 7 3
BRI S, NS E R SRR A TS T A TR E R (3) MRS RIE i (epc) HI I H R
By 1.1, RNV EC ARG BE ) RERTHIES) 1 BB R AR B AR R, R Al T R 45 fE R L 55 1Y
L WS TT, BRI RS E R (esl”) M REUA ) 0.8, N5 HLET RS TKOABS I R E 1 AR
Wi EARBERI R R 518 B AL, TE U 2 1077 W RO ; (4) PRad Bl s 80R: (exn™) [B] U5 & %5 0.45,
[FIREAE S 22 P 7K P Dy 5% T B35 9k, BRI el W s B0 al A AR TS SR il BE 1) 5 AR BOR R, [
&P WIRIB LT AS, i 58 LR R RSt 17 AT Bk f L At S 4
Table 7. Overall fitting effect of the model
=7 EREELESHR

I HE R? HER  FaiitR  FR¥p DWHIHE RSS MSE

2 0.9950 0.9775 56.86 0.0174 2.79 0.0050 0.0025

Table 8. Regression estimation results

= 8. [ElFfLITEER

Bl EVEESs FrifE iR t ZitE p1E 95% Cl PR 95% CI LfR
W HIR 0.1 0.15 0.6667 0.573 —0.545 0.745
exn” 0.45 0.09 5 0.038 0.063 0.837
cab” 0.65 0.12 5.417 0.033 0.134 1.166
int* 1.2 0.20 6 0.027 0.339 2.061
esl” 0.8 0.15 5.333 0.034 0.155 1.446
epc” 1.1 0.22 5 0.038 0.153 2.047
ex” 2.1 0.35 6 0.027 0.594 3.606
im” 1.5 0.3 5 0.038 0.209 2.791

N DB LA BOR, G 7R AR L b E SIS E AR (K 2), RN dgs 15k
ZZIEZ Q-Q K(14 3), MTLUAEL: (1) AL S KPMEM AN, SEMIUGHE S L E 2
Wesl, AUAE 2020 4R 32 MR el L /INIEB S, 2 A BITAG A2 1 2 02 P8 ] A PRS0 30 i A 185 455 P 7 R JR K
IR RO BT, AR BE A M A% O AR B S B Pl SN KR Ea 3, FIUIIRG J5E 5 R 04
5Rs (2) FEILS Q-Q BRI MREM AR E N M IS A S B R, TEW] D& s %,
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Figure 2. Comparison chart of actual values and fitted values
B 2. KPMESUAEXTLE
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Figure 3. Residual Q-Q plot
3. %% Q-Q

4, G 5EWN
4.1. &ip

AICHET 2013~2022 414 v 4 15 45 L AR G (IS TR e B Mo, MO U 2. SCRRIR S W 4R %L
=YEREVEINTRARA R, I8 RN L 1 I T R I R R R R KT I PR AR RS AL, Il I 2 Tn gk vk (el
VAR AL SRS 50 AR ORI N 3. BRI R B, 2013~2022 4RI T 44 15 153 Hi 7 R R /K7 R Rl s g K s
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o CRETREOZFIEN, SCIL T MRS R B SIS Tk UK . = KRR BUR KRR AL L 53
FUBLIR B2 AN E o oy R PEY IR STRHREO ™ LR SRR E MR SCHE, W 4R U2 sl
BT LR R R BAZ O I B B o SRAIESE SRR, PRIEE LM S R RIS . HLHRR Je R
HLF R A A, I S5 SR R AR R0, BTk v 4 B 5 LR R R LA R IR 1) 3R B
TEH

42, B

ST AT TS 1, 45 A I 8 I T T R R I SRR O, el e 48 15 B3 L 7 e o B R e
SRR PR (1) B1xEE AR I G AT R RR AN A B R SRR A R T TR A ) R, —
i G E A B B A B AT R, e B IR A AR IR ST R R, IRTHIR AR SRS RES T, S
JIHFFEEY KK M 8 B nie ) SR, RaD BT HIR I e, SRR i 5 HL R A B U A 1B AT
AL Bt S (2) L2l A g 5 R SR S, HESh N SRR S S S R R R A, 51
HA% W7 1 5552 By St AR b Ao lb b RS BV 55, T30 A B R 1 8 5 P 7 R R MY Pl A% S 4%, HES)
At iR SR, RT B AIZ B R S ARk O M BEIE RO s (3) InREE ST H  EE D
WP, HES)— B it 0 S B E L R EE L ASIA EAN, W FARE, FRIRHMKIEE A 2T
ok, R B HR E R AhahSR, SEREHE R S OB AR SR AR, HESDEE 1 B B BRI A B LR LA
e, DSt L i s 705 (e o its S LR R R T e

SE 3K
[ #%, NN, MR, P FUREHLBS B i IR AR LS. PRARSSBERERTFELT]. [HFR 5, 2025(10): 47-56,

[21 I, ERE. Ber bt M E TS KR THIPED]. PEAL RS 2R (B 24k R 2 i), 2026, 56(3): 137-
151.

[3]1 FhELE. HFETE T AERES B AA BEFRIE R AL FHEL5, 2026(8): 162-165

[4] Tles, e, B, % BB XER T MNTERERSEEYR i FER R AN, FERFEL,
2026, 35(1): 56-60

[5] BXTEAS, TRLLFR. BSBRER AR KT E A T 2 1R 5 s i AL [J]. #&edt, 2026(2): 63-80
[6] kIR, %, HpE BT O S AR 0 XK R R S R ], EIBR A 5, 2026(2): 52-61

[7] EEWGA. v A R IR E S 5 5 [ bR e 4 ) i sema B A LI w45t 9L, 2026(4): 158-161
(8] FHWAMN. I BT B R S I IR SOEE R 0], BT R 45, 2020(1): 5-6.

Mf 3%
TR ALEH T 2.2 TREERNSIBIRIT GAE, Hd 2013 £ 2022 £ TP AEREFAA .

Table Al. Indicator weights based on entropy method
= AL KBEESIERT S E

A cev cer cep ecf exn web cab int ex Im epc esl

#{E  0.0749 0.0850 0.0765 0.0717 0.0714 0.0871 0.0786 0.0804 0.0820 0.1111 0.1055 0.0756
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