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Abstract

Resolving the “first kilometer” bottleneck in agricultural product circulation is critical to the high-
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quality development of county-level economies. Taking Xihua County, Henan Province, as an empir-
ical case, this paper constructs an analytical framework from three dimensions—technology em-
powerment, factor reorganization, and model innovation—and integrates the entropy method, cou-
pling coordination degree model, DEA-Malmquist index, fixed-effects model, and 0-1 mixed integer
programming to form a comprehensive research system covering “synergy evaluation, efficiency
testing, factor identification, and location optimization”. The findings show that from 2018 to 2025,
the coupling coordination degree between digital technology development and the fresh-produce
cold chain in Xihua County improved from mild imbalance to primary coordination. The application
of digital technology significantly enhances county-level fresh-cold-chain efficiency, with the medi-
ating effects of technological progress and factor allocation efficiency accounting for 26.3% and
32.9%, respectively. The optimal layout of “one county-level hub plus four township nodes” can re-
duce the full life-cycle cost by 18.7% and lower the fresh-produce loss rate to 8.2%. This study pro-
vides quantitative references for cold-chain network construction in agricultural counties in cen-
tral and western China.
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Table 1. Coupling coordination degree of digital technology development and fresh food cold chain in Xihua county from

2018 to 2025

52 1.2018~2025 FAELBRFRARLZREL LB S AR
R HFHARK AT A A1 4) Mo A iR B2 NGRS
2018 0.215 0.243 0.998 0.321 L S
2019 0.258 0.276 0.999 0.365 BRI
2020 0.302 0.315 0.999 0.406 Wil 5 1
2021 0.367 0.359 0.999 0.468 Wil 5 1
2022 0.435 0.421 0.999 0.534 VORI N
2023 0.512 0.498 0.999 0.602 B
2024 0.596 0.583 0.999 0.671 B
2025 0.678 0.665 0.999 0.687 LNt
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Table 2. Baseline regression estimation results
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Pk 4 0.087" 0.046 1.891 10%
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Table 3. Results of mediation effect test
3. PRI R

. FEoSHN L. N N N Bootstrap 95%
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& 58644 R AR P EIBRL FARE AR T Py
HR B BRAT 0.261*** 0.214** 0.192*** 0.069 26.3% [0.042, 0.097]
PR B AR 0.261 0.258"* 0.175™* 0.086 32.9% [0.058, 0.114]
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Table 4. Comprehensive importance and types of location selection factors (core indicators extracted)
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Table 5. Comparison of benefits of different location schemes

5. NENEIES REI

TiE A i A B AR (1L 76) S5 C I B B (A L) T2 (%)
WA F AR 12.68 28.6 22.0
LA 11.25 223 15.6
2K +3 ST 10.87 19.5 113
R 1 +4 4R 10.31 16.3 8.2

5.2. M EREMTRE

XPREBNA . BHIA . TR =R OSHOTIR + 20%IX [0 O BURNE 1T, 85 R ERSHEsE
A, ST A R IR AR AR, DU AR S B R &bk [ A2z, = SRS HsvE R0/ T
0.2, JETRBURSH. FINBIAETR + 15%0Ks0 55 5T RSN, SIUr R4 R E R
2025 EFEAS R Ja EFEIH, RO SHR R R A B E ). A RASEIE L (X +4.27%, BT TT BT T
PLRE 98, AIENAIIE E P RS A B .
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