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Abstract. Based on the panel data of 18 cities in Henan Province from 2011 to
2022, this paper constructs a multiple regression model to reveal the nonlinear
relationship and spatial heterogeneity between logistics industry agglomeration
and carbon emissions. The results show that: (1) there is a U-shaped relationship
between the two areas, with the inflection point LQ=0.87, (2) the U-shaped trend
is significant in high-level areas (B=0.051**), and the agglomeration in low-
level areas continuously inhibits carbon emissions ($1=-0.072***). (3) The spa-
tial spillover effect is significant (p=0.132***), and core cities such as Zheng-
zhou have a radiative impact on the surrounding areas. Based on this, differenti-
ated low-carbon transformation countermeasures are proposed, which provides
an empirical basis for regional logistics planning.
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1 Introduction

Under the "dual carbon" goal, the logistics industry, as a high-energy-consuming in-
dustry, is facing pressure to reduce emissions [1], and policy-driven industrial agglom-
eration may exacerbate the complexity of carbon emissions [2]. There are controversies
in existing studies on agglomeration and environmental effects: the positive effect em-
phasizes the reduction of marginal emissions by economies of scale [3] ~ [4], the neg-
ative effect focuses on pollution caused by crowding [5], and the nonlinear theory (such
as inverted U-shaped) further expands the cognitive boundaries [6]. However, the ex-
isting literature mostly focuses on the manufacturing industry, and the carbon emission
mechanism of the logistics industry is not clear, especially the lack of spatial interaction
effect and regional heterogeneity analysis.

However, there is still a gap in the research on carbon emissions in the logistics
industry, especially the lack of region-specific analysis. This paper focuses on Henan
Province and uses multiple regression and spatial panel models to reveal the "U" shaped
relationship and regional heterogeneity between logistics industry agglomeration and
carbon emissions. To fill the gap in the empirical evidence of carbon emissions in the
logistics industry, the conclusions of this study can help coordinate the goals of
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industrial intensification and low-carbonization and empower the ecological protection
strategy of the Yellow River Basin.

2 Research Methods

2.1 Model Building
Establishing a Fixed-Effect Model:

CEl,=c+BLO,+BLO; +BX, +u,+v,+e, O
Among them, CEI is the carbon emission intensity of the logistics industry, LQis
the location entropy of the logistics industry, X is the control variable, and the U;and
V.are fixed effects of individual and time, respectively.
Spatial Durbin Model (SDM): To capture the spatial spillover effect, the spatial lag
term and the spatial interaction term are introduced:

CELy = pWCELy + B LQ; + ﬁZLQizt + 91WLQit+92WLQi2t + BsXie +u; v +
€it 2

In the formula, W is the spatial weight matrix, which is constructed based on the
dual dimensions of geographical distance and economic distance: the geographic dis-
tance matrix: the Euclidean distance is calculated by the latitude and longitude of the
administrative center of each prefecture-level city by using the inverse distance weight
method; Economic distance matrix: The reciprocal of the difference in GDP per capita
is used as the weight, i.e., W;; = 1/ |GDPL- - GDPJ-|. The spatial autocorrelation test
showed that there was a significant spatial dependence on the carbon emissions of the
logistics industry in Henan Province (I=0.217, p<0.01), which verified the necessity of
the spatial model.

2.2 Indicator Selection and Data Sources

Core explanatory variable: Agglomeration level of the logistics industry. This paper
selects the location entropy coefficient to calculate the agglomeration degree of the lo-
gistics industry in Henan Province. Location entropy can be used to analyze the level
of industrial specialization. By analyzing the degree of industrial agglomeration in dif-
ferent regions, the position of the industrial agglomeration situation in that region in the
country can be determined:

CEI =) CEI, =Y E,x NCV,xCEF,x COF, 3)
i=l1 i=l1
_ eit /Eit

LO. =
O n /N,

(4)
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Control variable:(1) level of economic development (GDP), (2) intensity of govern-
ment intervention (GI), and (3) transportation infrastructure (TIRS).

The data in this paper are from the Henan Statistical Yearbook from 2011 to 2022,
and the missing data are supplemented by interpolation method and mean method. The
descriptive statistics of the variables are shown in Table 1:

Table 1. Descriptive statistics

Stand- . .
. . Sample Mini- Maxi-
variable Variable Code . Mean ard De-
Size o mum mum
viation
Carbon emissions CEI 216 30.34 14.57 7.40 75.15
Agglomeration level LO 216 0.60 0.28 0.11 1.83
level of economic develop-
GDP 216 4.451 1.928 1.294 10.45
ment
Intensity of government inter-
. GI 216 0.15 0.04 0.04 0.23
vention
Transport infrastructure TIRS 216 14.00 8.82 2.22 40.24

3 Empirical Analysis

3.1 Temporal Variation Characteristics

From 2011 to 2022, the carbon emission intensity of Henan Province decreased, and
the agglomeration level of the logistics industry increased (Figure 1).
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Fig. 1. Average carbon emissions and agglomeration level of the logistics industry
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3.2 Correlation Analysis

Figure 2 shows a "U" shaped trend between LQ and CEI. Further verify its statistical
significance by following these steps: The quadratic coefficient test: the LQ? coefficient
in model (1) is 0.051 (p<0.01), indicating that there is a U-shaped inflection point. In-
flection point calculation: obtained from OCEI/OLQ=0 to -LQ*=—f1/(2p2)=0.87, and
the sub-sample robustness test showed that the quadratic term was significant (p<0.01)
in the high-level area and only the one-time term was significant in the low-level area
(Table 2), which supported the heterogeneous U-shaped relationship.
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Fig. 2. Scatter plot and fitting trend line of LQ and CEI

3.3 Heterogeneity Analysis

Taking the median per capita GDP in 2022 (45,000 yuan/person) to divide the sample,
the regression results are shown in Table 2:

High-level areas: the quadratic term coefficient is 0.051 (p<0.01), and the accumu-
lation after the U-shaped inflection point pushes up carbon emissions; Low-level areas:
the primary term coefficient is -0.072 (P<0.01), and the agglomeration continues to
inhibit carbon emissions. Spatial spillover effect: The SDM model (2) shows that the
spatial lag term coefficient p=0.132 (p<0.01), indicating that there is a positive interac-
tion between the carbon emissions of neighboring cities, and high-agglomeration cities
such as Zhengzhou have a significant radiation effect on the surrounding areas.
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Table 2. Heterogeneous regression results

variable Level Low
LQ? 0.051"" 0.005
(4.29) (0.26)
LQ -0.089™" -0.072™*
(-4.28) (-4.48)
GDP 0.045 0.025
(1.37) (0.56)
GI 0.431" 0.711"
(2.33) (6.22)
TIRS -0.120 -0.036
(-0.49) (-0.63)
_cons 0.237" 0.196™*
(5.46) (12.25)
N 96.000 120.000
2 0.327 0.484
2 a 0.269 0.449

4 Conclusions and Countermeasures

4.1 Conclusions

Based on theoretical research, this paper analyzed the panel data of 18 prefecture-level
cities in Henan Province from 2010 to 2022 using statistical analysis software. Mean-
while, an empirical analysis was conducted on the relationship between the agglomer-
ation of the logistics industry and the carbon emissions of the logistics industry in He-
nan Province through a multiple regression model, and the following conclusions were
drawn:

First, based on the calculation results of the location entropy index, it can be con-
cluded that: The agglomeration level of the logistics industry in Henan Province is not
high. Secondly, based on the overall regression results, it can be concluded that there is
a "U" -shaped relationship between the agglomeration of the logistics industry and the
carbon emissions of the logistics industry in Henan Province.

Thirdly, according to the heterogeneity regression analysis: The impact of logistics
industry agglomeration in Henan Province on logistics industry carbon emissions
shows regional heterogeneity: In regions with a higher level of economic development,
there is a "U" -shaped relationship between logistics industry agglomeration and logis-
tics industry carbon emissions, while in regions with a lower level of economic devel-
opment, logistics industry agglomeration can reduce carbon emissions.

Fourth, in terms of control variables, the level of economic development and gov-
ernment intervention can increase carbon emissions, but the impact of transportation
infrastructure on carbon emissions is not significant.
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4.2 Countermeasures

(1) Enhance the quality of logistics industry agglomeration: Promote the transformation
from extensive growth to intensive growth and strictly control high energy consumption
and high pollution projects. Increase investment in research and development of energy
conservation and emission reduction technologies, encourage cooperation among in-
dustry, academia and research institutions, and introduce and optimize advanced for-
eign technologies. Build core logistics industrial clusters, promote the concept of green
logistics, develop multimodal transport and new energy vehicles, and drive the logistics
industry towards low-carbon development.

(2) Strengthen regional differentiated management and enterprise division of labor
and collaboration: Formulate differentiated policies based on the characteristics of dif-
ferent regions. High-demand regions should develop high-end logistics services (such
as cold chain logistics and smart logistics), ecologically fragile areas should increase
environmental protection investment, and central and western regions should
strengthen infrastructure construction. Enterprises, in accordance with their division of
labor and collaboration, reduce resource waste and lower carbon emissions.

(3) Optimize the logistics industrial structure and give full play to the collaborative
role of the market and the government: Use green financial tools to support the green
development of logistics enterprises and encourage investment in green technologies.
The government has introduced energy conservation and emission reduction policies,
promoted industrial transformation and upgrading, increased subsidies for new energy
vehicles and green warehousing facilities, and facilitated the low-carbon transformation
of the energy structure.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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