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Abstract: Under the low-carbon background, with the aid of the Malmquist–Luenberger SBM
(Slack-based Measure) model of unexpected output, the green total factor productivity (GTFP) of
the logistics industry in Jiangsu Province, China, was measured and decomposed in this study
based on the reality and experience of logistics industry development in 13 cities in three regions of
Jiangsu Province in the years 2006–2018 by taking resource consumption into the input system and
discharged pollutants into the output system. It is concluded that the environmental regulation (ER)
has a significant positive effect on the growth of the GTFP of the logistics industry, and technological
progress has become an important endogenous force that promotes the GTFP of the logistics industry
in Jiangsu Province. On this basis, a dynamic GMM (Generalized method of moment) model and
a Tobit model were constructed to further study the possible temporal and spatial effects of ER on
the GTFP of the logistics industry. The research results reveal that the ER can exert both promoting
and inhibitory effects on the GTFP of the logistics industry, and there is a temporal turning point
for the effects. Besides, the effects notably differ spatially and temporally. Finally, some policies and
advice for the green sustainable development of the logistics industry were proposed. For example,
the government and enterprises should pay attention to the green and efficient development of the
logistics industry and dynamically adjust the ER methods. They should consider the greening of
both forward logistics links and reverse logistics system in the supply chain.

Keywords: low carbon; environmental regulation; logistics industry; green total factor productivity

1. Introduction

In the face of the problems of global warming and gradual deterioration of the ecological
environment, governments around the world have regarded low-energy consumption, low pollution,
and low emissions as the main directions of future economic development strategies [1,2]. As a composite
service industry integrating transportation, storage, freight forwarding, information, and other industries,
the logistics industry supports the development of the national economy, but its energy consumption,
carbon emissions, and air pollutant emissions have posed considerable challenges to its development [3].
According to China’s energy consumption data in the years 2005–2014, the energy consumption of the
logistics industry accounts for 7%–8.5% of the total national energy consumption. With the continuous
deepening of the concept of a low-carbon economy, the reduction of logistics costs, the improvement
of logistics efficiency, and the development of green logistics have become a focus of government
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and enterprises [4]. In 2014, the State Council of China issued the Medium- and Long-term Plan for the
Development of the Logistics Industry (2014–2020), which emphasized “accelerating the construction of
a green, safe, and orderly modern logistics service system by improving the operation quality and
efficiency of the logistics industry on the one hand, and constantly promoting the efficiency of energy
utilization on the other hand”. This plan pointed out the direction for the development of the logistics
industry in China [5].

Jiangsu Province is one of the major logistics provinces in eastern China. Driven by national
strategies such as “regional economic integration” and “the Belt and Road Initiative”, the logistics
industry in Jiangsu Province achieves steadily growing development, continuously improving
operational quality, and further provides enhanced support for economic and social development.
According to the statistical data given by the Statistical Bulletin on the Development of the Logistics Industry
of Jiangsu Province (2019), by 2018, the total social logistics of the whole province reached 30.25519 trillion
yuan, the logistics demand coefficient was 3.29, and the total social logistics costs of the whole province
reached 1.28927 trillion yuan, the ratio of which to the GDP (Gross Domestic Product)was up to 17.02%
(this ratio is about twice that of developed countries and about 6.5% higher than the global average).
Besides, the value of logistics-related industries was reached 330.13 billion yuan, which accounted for
12% of the added value of service industries in the whole province. Despite the rapid development of
the logistics industry in Jiangsu Province, a series of problems that have been masked by high-speed
growth for long-term, such as the rapid growth of energy consumption, the worsening environmental
pollution, and increasing urban traffic pressure, have begun to emerge [6]. According to statistics
from the Jiangsu Energy Resources and Environment Statistics Office, the main energy consumption
of industrial enterprises above the designated size in Jiangsu Province in 2018 was 326.5924 million
tons, and the energy consumption of the logistics industry accounted for 6.28% of the total energy
consumption in the province. It can be concluded that the logistics industry has gradually become an
important member that leads to high-energy consumption and heavy environmental pollution, and its
sustainable development is facing severe challenges.

For a long time, the Jiangsu provincial party committee and the provincial government have
been closely focusing on the requirements of high-quality economic development. They have pushed
forward the supply-side structural reform of the logistics industry and have attached great importance to
environmental development and logistics cost reduction and efficiency improvement 6]. In November
2016, the Jiangsu provincial government issued Opinions on Further Reducing the Cost of Real Economy
Enterprises, in which 21 cost-reducing policies were put forward, including three policies on reducing
the logistics cost of enterprises. In March 2018, the general office of the Jiangsu provincial government
issued Implementation Opinions on Further Reducing the Cost and Enhancing the Efficiency of Logistics to
Promote the Development of Real Economy. In view of the key areas and weak links restricting logistics cost
reduction in Jiangsu Province, various policies for optimizing the logistics development environment
were put forward in strict accordance with the reality of Jiangsu Province.

Meanwhile, with the aggravation of global resource depletion and environmental pollution,
scholars have also begun to pay attention to the exploration of a low-carbon, green, and sustainable
development path of the logistics industry [7,8]. The green total factor productivity (GTFP,
or environmental TFP by some scholars, i.e., the evaluation that takes energy input and CO2 pollution
emissions into consideration) of the logistics industry has become an important indicator to measure
the healthy development of the logistics industry [9,10]. In recent years, the reaearch is focused on the
following three aspects:

(1) TFP calculation methods. Among the methods mainly used for TFP calculation in most
literatures, the Solow residual method is the simplest method applicable to time series, but just as the
data envelopment analysis (DEA) and the stochastic frontier approach (SFA), it has some limitations
and prerequisites [11]. For example, Zhang et al., Tu et al., and Wang et al. [12–14] adopted the Solow
residual method to study the TFP of the Chinese economy. Based on the equation of Solow residual
value growth rate, Wang et al., Li et al., Dong et al., Yu et al., and Shao et al. [11,15–18] calculated
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the contribution rate of the scientific and technological progress of the logistics industry in different
time periods and different regions with the aid of Eviews6.0 software and explored the importance of
TFP for the sustainable development of the logistics industry. Based on the improved DEA models
(such as the super-efficiency DEA model, the DEA-C2R model, the complex network DEA model,
the improved super-efficiency DEA model, and the three-stage DEA model), Fu et al., Xiong et al.,
Han et al., Liu et al., and Guo et al. [19–24] analyzed the operating efficiencies, innovation performance
efficiencies, and environmental efficiencies of different industries as well as their influencing factors,
and reached reliable and robust conclusions. By adopting the SFA method, Wang et al., Fan et al., and
Yu et al. [25–27] measured and compared the logistics efficiency of agricultural products, the production
and service efficiency of logistics channels, and the efficiency of the urban logistics industry based on
panel data and found large temporal-spatial differences.

(2) Influencing factors of the GTFP of the logistics industry. Scholars took indicators such as the
level of economic development, the degree of opening up, the level of logistics infrastructure, and
the degree of logistics informatization as influencing factors. For instance, when analyzing factors
influencing the TFP of the logistics industry in China, Lin [28] selected variables such as the degree of
marketization and industrialization and the level of economic development for the panel regression
analysis. When researching factors influencing the efficiency of the logistics industry in Xi’an City, Wang
et al. [29] took the regional advantages, the level of human resources, the rate of resource utilization,
and the level of regional economic development as the impact indicators, and conducted an empirical
analysis with the aid of the Tobit model. When analyzing factors influencing the TFP of the logistics
industry in Jiangxi Province, Ding [30] regarded the degree of government intervention, the level
of opening up, the level of economic development, and the industrial structure as the influencing
factors, and conducted an empirical analysis with the aid of the Probit model. When investigating
factors influencing the efficiency of the provincial logistics industry in China, Zhao [31] selected the
level of regional economic development, the per capital logistics investment, the level of urbanization,
and the degree of logistics informatization as influencing factors for the empirical analysis. From the
mesoscopic perspective, indicators such as regional industrial structure, industrialization process, and
level of urbanization are usually selected as influencing factors. For example, when studying factors
influencing the TFP of the logistics industry in China, Yang et al. [32] and Liang et al. [33] took the
rate of industrial growth, the level of disposable income of urban residents, the level of urbanization
development, the proportion of the logistics industry in GDP, and the proportion of total imports
and exports in GDP as influencing factors, and conducted an empirical analysis by means of the grey
correlation analysis method.

(3) Effect of environmental regulation (ER) on the GTFP. Since the effect of ER on the GTFP
is uncertain, scholars drew varying conclusions about the effect. Some scholars believed that ER
has a positive effect on the promotion of the GTFP. These conclusions were drawn in light of the
research results of famous scholars such as Porter [34], Berman and Bui [35], and Mazzanti and
Zoboli [36]. Domestic scholars, such as Sun et al. [37] and Cai et al. [38] concluded that ER played
a positive role in the promotion of industrial GTFP by using the directional distance function and the
ML (Malmquist-Luenberger) index. By taking the manufacturing industry in China as the research
object, Wu et al. [39] and Hu et al. [40] found that the overall GTFP of the manufacturing industry
would increase with the increase of ER intensity. On the contrary, some scholars believed that ER has
a negative effect on the promotion of GTFP. Jiang [41], Jin [42], and Du et al. [43] studied the effect of
ER on the industrial GTFP and the GTFP of high-energy-consumption industries, respectively. They
all reached the conclusion that increasing ER intensity could produce a certain effect of innovation
compensation, but it was not enough to make up for the ER-induced compliance costs of enterprises.
As a result, ER negatively affected GTFP. At the same time, some scholars believed that the relationship
between ER and GTFP is not a simple linear relationship, but a U-shaped or inverted-U-shaped
nonlinear relationship. For instance, the research of Yin [44] and Ma [45] revealed that the relationship
between ER and the GTFP is a U-shaped nonlinear relationship which differed to some extent in
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different industries. Guo [46], Liu et al. [47], Zhou et al. [48], and Liu [49] investigated the GTFPs
of the construction industry, industrial sector, and logistics enterprises. Their investigation results
revealed that different types of ER exerted direct and indirect effects on the GTFP. To be specific, actively
negotiating ER exerted a direct U-shaped effect on the GTFP, the commanding ER did not directly
affect the GTFP, and incentive ERs had an inverted-U-shaped effect on the GTFP.

In summary, scholars have carried out theoretical research and empirical analyses from multiple
perspectives, enriched and improved the indicators and framework of the logistics industry productivity,
and unanimously concluded that the study on the relationship between the ER and the GTFP of the
logistics industry has important reference value for the formulation of current low-carbon economic
policies [39,42]. Therefore, in light of the previous studies [9,10,18,24,28,31,33] and with the aid of the
Malsquist–Luenberger SBM model of unexpected output, the GTFP of the logistics industry in Jiangsu
Province, China, was measured and decomposed in this study based on the panel data on the logistics
industry development in 13 cities in three regions of Jiangsu Province in the years 2006–2018 by taking
resource consumption into the input system and discharged pollutants as undesired output into the
output system. Furthermore, a regression model was established by taking undesired output as the
dependent variable and the influence of the GTFP of the logistics industry as an independent variable
to explore the relationship between the independent variable and the dependent variable. In this
way, the actual situation of the development of the logistics industry in Jiangsu Province under the
low-carbon background was investigated more scientifically and effectively, which provides references
for the construction of ER and the formulation of green logistics development policies in China.

2. Model Construction and Data Processing

2.1. Model Setting

Model 1: Green total factor productivity (GTFP) measurement of the logistics industry

By combining the directional distance function and the Malmquist productivity index, every city
is regarded as a decision-making unit. Under the condition of constant technical level and constant
input level, the directional distance function can describe the optimal output variable function. In the
productivity index, the following assumptions are made: The input variable is X which satisfies
X = (x1, x2, . . . xn) ∈ R+

N , the expected output variable is Y which satisfies Y = (y1, y2, . . . , yn) ∈ R+
M,

the unexpected output variable is B which satisfies B = (b1, b2, . . . , bn) ∈ R+
I , and the direction vector is

g. Then, the formula based on the Malmquist–Luenberger SBM model of unexpected output is:

GTFPt+1
t =

 1 +
→

D
t

0(xt, yt, bt; yt,−bt)

1 +
→

D
t

0(xt+1, yt+1, bt+1; yt+1,−bt+1)
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where
→

D
t

0(xt, yt, bt; yt,−bt) represents the gap between the actual output in the t period and the
theoretical output in the t period under the level of production technology in the period t;
→

D
t

0(xt+1, yt+1, bt+1; yt+1,−bt+1) represents the gap between the actual output in the t + 1 period
and the theoretical output in the t period under the level of production technology in the period

t;
→

D
t+1

0 (xt, yt, bt; yt,−bt) represents the gap between the actual output in the t period and the
theoretical output in the t + 1 period under the level of production technology in the period t +

1;
→

D
t+1

0 (xt+1, yt+1, bt+1; yt+1,−bt+1) represents the gap between the actual output in the t + 1 period
and the theoretical output in the t + 1 period under the level of production technology in the period
t + 1.
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Based on the principle of economics, the improvement of the GTFP of the logistics industry can
be analyzed from two aspects, namely efficiency change (EC) and technical change (TC). Therefore,
the above model is decomposed into a product of EC and TC, i.e.,:

GTFPt+1
t = ECt+1

t × TCt+1
t

ECt+1
t =

1 +
→

D
t

0(xt, yt, bt; yt,−bt)

1 +
→

D
t+1

0 (xt+1, yt+1, bt+1; yt+1,−bt+1)

TCt+1
t =

1 +
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×
1 +
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1 +
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1/2

where GTFP represents the GTFP of the logistics industry from the period t to the period t + 1. If GTFP
> 1, then the GTFP increases during this period, and the increase is driven by efficiency enhancement
and technological progress. If EC > 1 in the same period, then GTFP is gradually increasing under
basically constant returns to scale, which makes GTFP closer to the front of production. If TC > 1 in the
same period, then technological progress leads to the improvement of GTFP, and the expected output
increases while the unexpected output decreases.

Model 2: Temporal effect model of environmental regulation (ER) on the GTFP of the logistics industry

Considering that the effect of ER may vary temporally in Model 1 [44], a system generalized
method of moment (GMM) is adopted based on the dynamic panel hypothesis to further explore the
temporal effect of ER on the GTFP of the logistics industry.

The GMM was proposed by Hansen [50] and improved by Pagan and Wickens [51]. Starting
from the data requirements of the econometric model, it obtains a series of moment conditions
and solves the coefficients according to the moment conditions. The GMM assumes a regression
equation: Y = XB + ε, where Z is the instrument variable and satisfies E(ε

∣∣∣z) = 0 ; X = (x1, x2, . . . xk)

is a K-dimensional dimension-independent variable, and Z = (Z1, Z2, . . .ZJ) is J instrument variables

and J ≥ K. For the residual term in the estimation,
_
E =

_
Y −X

_
β , the instrument variable and the error

term ε are independent of each other. Accordingly, EN = (z′ε) = 1
N Z′E = 0 is used as the moment

condition to solve the equation. In fact, since J ≥ K in general, K parameters are found during moment
estimation so as to minimize the distance between EN = (z′ε) = 1

N Z′E and 0. In the calculation,
a semi-positive definite matrix is used to calculate the modulus of EN(Z′ε):

‖EN(Z′ε)‖A = ‖
1
N
(Z′

_
E)‖

A
=

1
N
(Z′

_
E)′A(

1
N

Z′
_
E) =

1
N

_
E′ZAZ′

_
E

The goal becomes to find the parameter vector
_
βA = argmin‖EN(Z′ε)‖A. The first-order condition

equals 0. It can be derived that:

d‖EN(Z′ε)‖A

d
_
β

=
2
N

_
E
′

ZAZ′(−X) = 0

By substituting
_
E =

_
Y −X

_
β into the above formula, the estimator of GMM can finally be obtained:

_
βA = (X′ZAZX)−1X′ZAZ′Y

After obtaining the estimator of GMM, the Harsen test or the Sargan test is needed to determine
whether

∣∣∣∣∣∣EN(Z′ε)
∣∣∣∣∣∣A is sufficiently small, namely, to judge the overall validity of instrument variables.
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The sequence correlation of the residual term is judged by using the first-order and second-order
sequence correlation tests AR(1) and AR(2) of the first-order difference transformation equation.

Meanwhile, the Porter hypothesis advocates that the effect of ER on the economy presents a lag in
time [28,31]. With reference to the Porter hypothesis, in this study, five control variables, namely labor
productivity, energy productivity, per capital GDP, level of technological innovation, and degree of
logistics industry agglomeration, are employed to ensure the rationality of the model and to formulate
a dynamic panel model of the temporal effect of ER on the GTFP of the logistics industry. The formula
is as follows:

GTFPit = α0 + α1 ln GTFPi,t− j + α2 ln ERi,t− j + α3 ln ERit + α4 ln LPit + α5 ln EPit
+α6 ln PGDPit + α7 ln RDit + α8 ln AGGit + µit + εit

ECit = α0 +α1 ln ECi,t− j + α2 ln ERi,t− j + α3 ln ERit + α4 ln LPit + α5 ln EPit
+α6 ln PGDPit + α7 ln RDit + α8 ln AGGit + µit + εit

TCit = α0 +α1 ln TCi,t− j + α2 ln ERi,t− j + α3 ln ERit + α4 ln LPit + α5 ln EPit
+α6 ln PGDPit + α7 ln RDit + α8 ln AGGit + µit + εit

In order to eliminate the heteroscedasticity and maintain the stability of the data, logarithmic
processing is performed on each explanatory variable. Among the variables, i represents a city in
Jiangsu, and its value is an integer in 1–13; t represents the year, and its value is an integer in 2006–2018;
j represents the value of lag period, and its value is 1, 2 or 3; αi (i = 0, 1, 2, ..., 8) is a specific coefficient;
µit and εit are random error terms.

Model 3: Spatial effect model of ER on the GTFP of the logistics industry

On the basis of Model 2, the Tobit model is used to further explore the spatial effect of ER on
the GTFP of the logistics industry. The Tobit model (i.e., the limited dependent variable model) is
widely used in the study on environmental governance, energy utilization, resource endowment, and
economic structure because it can avoid the data error of the OLS (Ordinary Least Square) model [29].
Its formula is:

y∗i = xiβ+ εi

yi =


ai y∗i ≤ ai
y∗i ai<y∗i <ai
ai ai ≤ y∗i


The limited dependent variable model is obtained by limiting the interval value of the dependent

variable. Since the GTFP value of logistics industry analyzed by the DEA model mostly lies in the
interval [0,2], the interval of dependent variable is set to be [0,2].

The ER is an environment-oriented independent variable. In order to investigate the possible
nonlinear relationship between the GTFP and the ER of the logistics industry, the square term of ER
(ER2) is used as the independent variable to construct the formula of the spatial effect of ER on the
GTFP of the logistics industry:

GTFPit = α0 + α1 ln ERit + α2 ln ER2
it + α3 ln LPit + α4 ln EPit + α5 ln PGDPit + α6 ln RDit

+α7 ln AGGit + µit + εit

ECit = α0 + α1 ln ERit + α2 ln ER2
it + α3 ln LPit + α4 ln EPit + α5 ln PGDPit + α6 ln RDit

+α7 ln AGGit + µit + εit

TCit = α0 + α1 ln ERit + α2 ln ER2
it + α3 ln LPit + α4 ln EPit + α5 ln PGDPit + α6 ln RDit

+α7 ln AGGit + µit + εi
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2.2. Sample Data and Variable Selection

2.2.1. Data Source

The researched period of this paper is 2006–2018, and the basic data selected come from the
versions of the Jiangsu Statistical Yearbook, the Jiangsu Transportation Yearbook, and the Jiangsu Energy
Statistical Yearbook in the years 2007–2019 and the 2006 IPCC (Intergovernmental Panel on Climate
Change) Guidelines for National Greenhouse Gas Inventories. Considering the availability of data, data on
the added value of the logistics industry are replaced with the data on transportation, storage, and
postal industries. The CO2 emissions of the logistics industry (the CO2 emissions of transportation,
storage, and postal industries) can be calculated according to the carbon emission coefficient given by
the 2006 IPCC Guidelines for National Greenhouse Gas Inventories in combination with the total energy
consumption of transportation, storage, and postal industries.

2.2.2. Indicator Selection and Data Processing

(1) Input and output indicators

In accordance with Model 1 and the research results of scholars [9,28,31,33], the capital formation,
the number of employees, and the energy consumption of the logistics industry are selected as input
indicators, the added value of the logistics industry and the freight turnover are selected as expected
input indicators, and the CO2 emissions of the logistics industry is selected as the undesired output
indicators, as listed in Table 1.

Table 1. Description of input and output indicators.

Type of
Indicator

Name of
Indicator Meaning of Indicator Unit Measurement Method

Input
indicator

Capital
input

Capital formation of
the logistics industry 100 million yuan See Formulas (1) and (2) below

Labor
input

Number of employees
in the logistics industry 10,000 people Number of people engaged in the

logistics industry at the end of the year

Energy
input

Energy consumption in
the logistics industry 10,000 t standard coal

Converting various chemical energy
sources such as coal, oil, and natural gas

into standard coal, see Table 2

Output
indicator

Expected
output

Added value of the
logistics industry 100 million yuan Constant price based on 2005

Freight turnover 10,000 t-km

The sum of the products of the numbers
of goods transported by various means of

transport and their corresponding
transportation distances

Unexpected
output

CO2 emissions by the
logistics industry 10,000 t See Formula 3 below

Table 2. Estimation coefficient of CO2 emissions.

Type of Energy Low Calorific
Value (KJ/Kg)

Carbon
Oxidation Factor

Conversion Coefficient of
Standard Coal (kgce/kg)

Carbon Emission
Coefficient (kgC/GJ)

Raw coal 20,908 1 0.7143 25.8
Kerosene 43,070 1 1.4714 19.6
Diesel oil 42,652 1 1.4571 20.2
Gasoline 43,070 1 1.4714 18.9
Fuel oil 41,816 1 1.4283 21.2

Natural gas 38,931 (kJ/m3) 1 1.3301 15.2
Liquefied petroleum gas 50,179 1 1.7141 17.3

Data source: The 2006 IPCC Guidelines for National Greenhouse Gas Inventories and China Energy Statistical
Yearbook, 2013.

Among them, capital investment, i.e., the input variable of capital formation of the logistics
industry, is estimated by using the perpetual inventory method [30]. Calculated with reference to the
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research on the depreciation rate of 17 industries in China, the average capital depreciation rate of the
logistics industry is 5.42% [30,38]. In the calculation, the fixed asset investment of the logistics industry
in 13 cities of Jiangsu Province is selected as the basic data, and the year 2005 (the year 2005 = 100) is
taken as the base period. The formula for calculating the capital formation of the logistics industry is
as follows:

Kt = (1−&t) + It = (1−&t)
tKO +

t∑
j

I j(1−&t)
t− j (1)

where kt and kt−1 represent the capital stock of the logistics industry in 13 cities of Jiangsu Province in
the years t and t − 1 respectively, ko is the capital stock of the base period, and Ii and &l represent the
fixed capital amount and the depreciation rate, respectively. Meanwhile, by using the steady-state
method proposed by Halberg [52], the stock of capital at the starting point is derived under the
assumption that in the steady state, the capital output ratio is constant, or the capital growth rate is
equal to the output ratio growth rate. The calculation method is:

ko =
It

gt + &t
(2)

The data on capital investment of 13 cities in Jiangsu Province are obtained through Formula (2).
gl represents the annual average growth rate of the actual added value of the logistics industry in
Jiangsu Province in the years 2006–2018.

Unexpected output: Environmental pollution caused by the logistics industry is mainly carbon
oxides (primarily CO2 in this study) generated during transportation. Using the method for estimating
the CO2 emissions from chemical fuel combustion provided by the 2006 IPCC Guidelines for National
Greenhouse Gas Inventories (IPCC, 2006), CO2 emissions from the logistics industry can be calculated by
multiplying different types of energy consumed during the operation of the logistics industry with the
CO2 emission coefficient of fossil fuels. The calculation formula is:

CO2 =
7∑

i=1

CO2i =
7∑

i=1

Ei ×NCVi ×CEFi ×COFi ×
44
12

(3)

where the numbers of 44 and 12 means the molecular weights of CO2 and carbon, respectively; Ei (1, 2,
3, 4, 5, 6, 7) represents the consumption of the ith type of energy which is converted into the unified
unit (10,000 t of standard coal); NCVi is the average low calorific value of the ith type of energy; CEFi is
the carbon emission coefficient of the ith type of energy given in the 2006 IPCC Guidelines for National
Greenhouse Gas Inventories; COFi is the carbon oxidation factor of various energy sources (the IPCC
default value is 1 according to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories).

According to the above method of sample data selection and processing, a total of 1014 statistical
data of 6 variables are obtained, and the data description is given in Table 3. Scholars [9,28,31,33] have
pointed out that the input and output items should conform to the hypothesis of isotonicity (that is,
when the input quantity increases, the output quantity cannot decrease). In this study, in order to test
the isotonicity of correlation, the Pearson correlation test is performed on the selected input and output
indicators with the aid of SPSS19.0 software. The results are shown in Table 4.

Table 3. Descriptive statistical analysis on samples.

Variable Capital
Investment

Labor
Input

Energy
Input

Added Value of
Logistics Industry

Freight
Turnover

CO2
Emissions

Minimum 6.65 0.86 3.067 26.45 19.0433 153.256
Maximum 598.50 16.04 325.111 990.90 4977.900 1576.302
Average 141.30 4.04 80.656 242.50 1324.823 815.237

Standard deviation 122.50 3.31 60.215 199.29 598.431 399.767

Data source: Jiangsu Statistical Yearbook, Jiangsu Transportation Yearbook, and Jiangsu Energy Statistical Yearbook
in the years 2007–2019.
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Table 4. Pearson correlation coefficient between input and output variables.

Variables Capital
Input

Labor
Input

Energy
Input

Added Value of
Logistics Industry

Freight
Turnover

CO2
Emissions

Capital input 1.000
Labor input 0.433 ** 1.000

Energy input 0.660 ** 0.634 ** 1.000
Added value of logistics industry 0.696 ** 0.576 ** 0.755 ** 1.000

Freight turnover 0.632 ** 0.537 ** 0.696 ** 0.735 ** 1.000
CO2 emissions 0.654 ** 0.633 ** 1.000 ** 0.765 ** 0.698 ** 1.000

Note: ** is a significance level of 1%.

(2) Explained variables and control variables

According to Models 2 and 3, under the comprehensive consideration of a low-carbon economy,
ER is taken as the explained variable while labor productivity, energy productivity, per capita GDP,
level of technological innovation, and degree of logistics industry agglomeration are selected as the five
control variables (see Table 5). ER: The intensity of regional environmental regulation is measured by
using the ratio of CO2 emissions to the corresponding added value of the logistics industry. The smaller
the value is, the stronger the regional environmental regulation is. LP: Labor productivity is expressed
by the ratio of the added value of the regional logistics industry to the number of people engaged in
this industry. EP: Energy productivity is expressed by the ratio of added value of regional logistics
industry to energy consumption of the industry. PGDP: The actual per capita GDP of 13 cities in
Jiangsu Province was calculated at constant prices in 2005. RD: The level of technological innovation is
measured by the ratio of R and D (Research and Development) funds to regional GDP of 13 cities in
Jiangsu Province. AGG (Aggregate): The degree of logistics industry agglomeration is calculated by
the location entropy index, and its calculation formula is:

LQi j =

Li j/
m∑

j=1
Li j

n∑
i=1

Li j/
n∑

i=1

m∑
j=1

Li j

where LQij stands for the location entropy of the i industry in the j region in the entire region. The greater
its value is, the higher the degree of agglomeration. When LQij > 1, the j region boasts advantages in
the entire region, and vice versa.

Table 5. Descriptive statistical analysis on samples.

Variable Number of
Variables Maximum Minimum Average Standard

Deviation

Environmental regulation (ER) 169 2.69 0.036 0.342 0.0133
Labor productivity (LP) 169 32.87 1.11 7.31 0.075

Energy productivity (EP) 169 28.56 0.99 7.12 0.053
Per capita GDP (PGDP) 169 115,168 28,685 67,976 2916.0395

Level of technological innovation (R and D) 169 6.71 0.82 2.56 0.3012
Degree of logistics industry agglomeration (AGG) 169 67.61 9.34 23.87 0.1051

Data source: Jiangsu Statistical Yearbook, Jiangsu Transportation Yearbook, and Jiangsu Energy Statistical Yearbook
in the years 2007–2019.

3. Empirical Analysis

3.1. Calculation and Analysis of the GTFP of the Logistics Industry in 13 Cities in Jiangsu Province Based on
the SBM Model

The GTFP of the logistics industry in 13 cities in three regions of Jiangsu Province in the years
2006–2018 is measured with the aid of MaxDEA (Data Envelopment Analysis) software. To ensure that
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the GTFP can fully reflect the effect of unexpected output and that the results are objective and accurate,
the GTFP and its decomposition under two conditions are measured in this study, as shown in Table 6.

Table 6. The GTFP and its decomposition of the logistics industry of 13 cities in three regions of
Jiangsu Province.

Region City Without Considering Carbon Emissions Considering Carbon Emissions

TFP * Rank EC TC GTFP ** Rank EC TC

Southen
Jiangsu

Nanjing 1.0247 1 0.9986 1.0261 1.0589 2 1.0194 1.0387
Suzhou 1.0072 2 0.9858 1.0217 1.0628 1 0.9981 1.0448
Wuxi 0.9806 3 0.9846 0.9959 1.0142 5 0.9969 1.0174

Changzhou 0.9768 5 0.9634 1.0139 1.0143 6 0.9969 1.0174
Zhenjiang 0.9652 8 0.9785 0.9864 0.9963 7 0.9915 1.0048

Central
Jiangsu

Yangzhou 0.9661 7 0.9728 1.0217 1.0428 3 0.9981 1.0448
Nantong 0.9731 6 0.9807 0.9923 1.0148 4 0.9929 1.0221
Taizhou 0.9601 10 0.9742 0.9855 0.9887 9 0.9842 1.0046

Northern
Jiangsu

Xuzhou 0.9787 4 0.9852 0.9934 0.9929 8 0.9953 0.9976
Lianyungang 0.9603 9 0.9738 0.9861 0.9865 11 0.9548 1.0332

Suqian 0.9544 11 0.9514 1.0032 0.9881 10 0.9836 1.0046
Huai’an 0.9535 12 0.9814 0.9818 0.9800 12 0.9871 0.9928

Yancheng 0.9407 13 0.9759 0.9639 0.9799 13 0.9857 0.9941

Geometric mean 0.9732 - 0.9774 0.9978 1.0092 - 0.9911 1.0167

* TFP (Total Factor Productivity) ** GTFP (Green Total Factor Productivity).

It can be seen from Table 6 that the GTFP values calculated after considering carbon emissions
as an unexpected output are all greater than the TFP values calculated without considering carbon
emission. This indicates that when CO2 emissions and energy input are taken into account, the
logistics enterprises will formulate corresponding strategies according to the environmental rules and
regulations issued by the government, such as optimizing the transport routes, standardizing the
logistics process, reducing the transport links, improving the transport efficiency, replacing the means
of transport with energy-saving and emission-reducing new energy vehicles, etc., so as to reduce the
emissions and promote the efficiency.

When CO2 emissions are not considered, Nanjing City and Suzhou City experience an overall
increase during the investigated period, while the rest of the cities undergo varying degrees of reduction.
To be specific, the average annual growth rates of Nanjing City and Suzhou City are 2.47% and 0.72%
respectively, while the average annual decline rates of Suqian City, Huai’an City, and Yancheng City,
which are the highest three, are 4.56%, 4.65%, and 5.93%.

When CO2 emissions are considered, in addition to Nanjing City and Suzhou City which maintain
average annual growth, Yangzhou City also exhibits a growing trend and achieves an average annual
growth rate of 4.3%, suggesting that it has taken effective measures to reduce CO2 emissions in the years
2006–2018. On the contrary, the rank of Xuzhou City falls from the fourth to the eighth, and the rank of
Lianyungang City also declines, indicating that the development of the logistics industry in Xuzhou
City and Lianyungang City has been extensive in this period with high-energy consumption and heavy
pollution. The power of technological progress is insufficient to make up for the improvement of scale
efficiency, so the two cities are in the throes of transformation and upgrading.

It is noteworthy that from the perspective of Jiangsu Province as a whole, the EC values of 13 cities
are all smaller than the TC values, which demonstrates that technological progress has become the
main driving factor for the growth of the GTFP of the logistics industry in Jiangsu Province. Among
the 13 cities, Xuzhou City, Changzhou City, and Yangzhou City achieve the fastest growths of TC, with
average annual growth rates of 5.89%, 5.89%, and 4.28%, respectively. This fully shows that since the
Eleventh Five-Year Plan, the logistics industry, as an important component of the “Service Industry
Acceleration Plan” of Jiangsu Province, has entered a golden development period and a new stage of
transformation and upgrading from quantitative expansion to quality improvement. However, some
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cities still possess relatively extensive development modes of the logistics industry and rather low
speeds of transformation and upgrading. In these cities, the development levels need to be further
improved [6].

From the perspective of regional development, the GTFP of the logistics industry in Southern
Jiangsu (Nanjing City, Suzhou City, Wuxi City, Changzhou City, and Zhenjiang City) presents
relatively mature efficiency input and output and stable technology input drive. That in Central
Jiangsu (Yangzhou City, Nantong City, and Taizhou City) shows a rapid technology drive, that is,
the development mode of the logistics industry is changed through technological improvement and
upgrading. That in Northern Jiangsu (Xuzhou City, Lianyungang City, Suqian City, Huai’an City, and
Yancheng City) is characterized by relatively low efficiency input and a medium-level technology
drive. Changes in the GTFP of the logistics industry in the three major regions in Jiangsu Province are
illustrated in Figure 1.
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Figure 1. Changes in the GTFP of the logistics industry in the three regions of Jiangsu Province.

As can be seen in Figure 1, on the whole, the GTFP of the logistics industry in three regions of
Jiangsu Province changes and varies significantly. In other words, the GTFP of the logistics industry
in three regions of Jiangsu Province fluctuates notably in the period 2006–2018. Specifically, in the
period 2007–2009, affected by the impact of financial crisis, the GTFP of the logistics industry drops
significantly, in the period 2011–2013, it rebounds, and in the period 2015–2017, it grows slowly, and
after 2018, it declines slowly again. Among the three regions, the overall GTFP in Southern and Central
Jiangsu is higher than that in Northern Jiangsu, while the GTFP in Northern Jiangsu is more stable
than those in Southern and Central Jiangsu.

3.2. Analysis of the Temporal Effect of ER on the GTFP of the Logistics Industry in Jiangsu Province

The temporal effect of ER on the GTFP of the logistics industry in Jiangsu Province is analyzed by
using the dynamic GMM method with the aid of Stata software. The results are disclosed in Tables 7
and 8.

In the Hansen test, the p value of the model is 1, which indicates that the model does not
have the problem of over-identification. At the same time, the model passes the AR(1) and AR(2)
tests, suggesting that the first-order sequence is correlated while the second-order sequence is not
correlated after the difference of the original sequence, which conforms to the setting of the GMM
model. The model construction is effective as a whole.

By analyzing the model variables, it can be found that the GTFP of the logistics industry has
a strong autocorrelation, and the effect of the GTFP of lag-1 on that of the current period is as high as
0.8436. This means that every 1% increase in the GTFP of lag-1 will result in an increase of 0.84% in the
GTFP of the current period. Meanwhile, ER has a negative effect on the GTFP of the logistics industry
of the current period, with an elasticity coefficient of −2.9472. However, the ER of lag-1 leads to an
increase in the GTFP of the current period, with an elasticity coefficient of 2.1381. This verifies that the



Sustainability 2020, 12, 175 12 of 19

positive promoting effect of ER on the GTFP presents a lag in time. Moreover, the autocorrelation of
GTFP gradually decreases in the cases of lag-2 and lag-3. Besides, the ER of lag-2 exerts the greatest
effect on the GTFP, with an elastic coefficient of 2.3043, whereas the ER of lag-3 exerts an insignificant
effect on the GTFP, with the elastic coefficient dropping to 1.4929. On the one hand, it demonstrates that
the ER of the current period results in a decline in the GTFP, but the ER of lag-2 has the largest positive
effect on the GTFP. On the other hand, this also shows that the GTFP generally decreases under the
effect of ER, but it tends to increase with the element and technology innovation of logistics enterprises.

From the perspective of EC, the effect of the EC of lag-1 on that of the current period is significant,
with a correlation coefficient of 94.29%, after which, the effect gradually decreases to 0.8042 and 0.7491.
The effect of ER on the EC is not significant, but it is always positive, which means that the EC of the
current period rises instead of falling under the effect of ER. In contrast, the ER of lag-1 has a certain
inhibitory effect on the EC, reducing the EC to 0.8936, while the effects of ERs of lag-2 and lag-3 on the
EC are reduced to as low as 0.5032 and 0.1035, respectively.

From the perspective of TC, the autocorrelation of TC is not strong, only 76.34%, 69.42%, and
61.03%, respectively. The ER of the current period leads to a decrease of TC, and the inhibitory effect
reaches −1.4306. With the increase of investment in technology R and D, the ER of lag-1 begins
to promote the TC, and the promoting effect is up to 1.9396, which is greater than the inhibitory
effect. It can be concluded that there exists a temporal turning point for the effect of ER on the
GTFP of the logistics industry. From the data of lag-2 and lag-3, it can also be found that logistics
enterprises must carry out technological improvement under the effect of ER, but a time cycle exists for
technological innovation.

Table 7. Temporal effect of ER on the GTFP of the logistics industry in Jiangsu Province.

Variable j = 1 j = 2 j = 3

LnGTFP(I, t − j)
(Green Total Factor Productivity)

0.8436 ***
(0.1946)

0.7945 ***
(0.1825)

0.7026 ***
(0.1917)

LnER
(Environmental Regulation)

−2.9472
(1.3469)

−2.4592
(1.3639)

−2.7943
(1.1955)

LnER(I, t − j)
(Environmental Regulation)

2.1381 ***
(0.5142)

2.3043 ***
(0.5491)

1.4929
(0.6943)

LnLP
(Labor Productivity)

0.3841
(0.2648)

0.4956
(0.3843)

0.3938
(0.3190)

LnEP
(Energy Productivity)

0.6429 ***
(0.1842)

0.6329 ***
(0.1293)

0.8411 ***
(0.1715)

LnPGDP
(Per GDP)

0.3043 **
(0.1191)

0.3184 ***
(0.1194)

0.3028 ***
(0.1273)

LnRD
(Research and Development)

0.2853 ***
(0.0742)

0.2742 ***
(0.0597)

0.2944 ***
(0.0619)

LnAGG
(Aggregate)

0.3542 ***
(0.0793)

0.3943
(0.1831)

0.4194
(0.2945)

conj 7.9325
(9.4260)

8.5093
(6.4396)

7.4239
(7.4328)

Hansen test 1.0000 1.0000 1.0000

AR(1)-p value 0.0002 0.0000 0.0001

AR(2)-p value 0.1931 0.1042 0.1692

Note: (1) ***, ** mean that the variable is significant at the levels of 1%, 5%, and 10%, respectively. (2) The
corresponding value in the explanatory variable is the standard deviation.
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Table 8. Temporal effect of ER on the efficiency change (EC) and technical change (TC) of the logistics
industry in Jiangsu Province.

Variable j = 1 j = 2 j = 3 Variable j = 1 j = 2 j = 3

LnEC(I, t − j)
(Efficiency Change)

0.9429 ***
(0.2814)

0.8042 **
(0.2939)

0.7491
(0.3031)

LnTC(I, t − j)
(Technical Change)

0.7634 ***
(0.1748)

0.6942 ***
(0.1841)

0.6103 ***
(0.1496)

LnER 1.4398
(0.7432)

1.1946
(0.6268)

1.8426
(0.8435) LnER −1.4306

(1.3469)
−1.1046
(1.4519)

−0.4159
(1.2413)

LnER(I, t − j) −0.8936 ***
(0.1974)

−0.5032 ***
(0.1147)

−0.1035
(0.2653) LnER(I, t − j) 1.9396 ***

(0.4542)
1.8451 ***
(0.1974)

1.3935 ***
(0.4542)

LnLP 0.2043
(0.1764)

0.1953
(0.1185)

0.2189
(0.1843) LnLP 0.4691

(0.2845)
0.3495

(0.2945)
0.4942

(0.2738)

LnEP 0.8463 ***
(0.1945)

0.7594 ***
(0.2199)

0.9063 ***
(0.2744) LnEP 0.5125 ***

(0.1083)
0.5190 ***
(0.1395)

0.7915 ***
(0.1691)

LnPGDP 0.2732
(0.1942)

0.2842
(0.1619)

0.2894
(0.1531) LnPGDP 0.4358 ***

(0.1245)
0.4351

(0.1736)
0.4172

(0.1559)

LnRD 0.1993
(0.1644)

0.2042
(0.1938)

0.1951
(0.1631) LnRD 0.2945 ***

(0.0264)
0.2996 ***
(0.0210)

0.3173 ***
(0.0264)

LnAGG 0.4350 ***
(0.1449)

0.6421 ***
(0.1292)

0.4742 ***
(0.1879) LnAGG 0.4264

(0.2291)
0.3836

(0.1692)
0.3964

(0.1734)

conj 6.3619
(5.9348)

−4.539
(5.4294)

−7.013
(4.5318) conj 8.9114

(4.3956)
12.1074
(5.7461)

10.4210
(5.9645)

Hansen test 1.0000 1.0000 1.0000 Hansen test 1.0000 1.0000 1.0000
AR(1)-p value 0.0000 0.0002 0.0005 AR(1)-p value 0.002 0.0001 0.002
AR(2)-p value 0.1845 0.1983 0.1744 AR(2)-p value 0.1741 0.1945 0.2164

Note: (1) ***, ** mean that the variable is significant at the levels of 1%, 5%, and 10%, respectively. (2) The
corresponding value in the explanatory variable is the standard deviation.

3.3. Analysis of the Spatial Effect of ER on the GTFP of the Logistics Industry in Jiangsu Province

The spatial effect of ER on the GTFP of the logistics industry in Jiangsu Province is analyzed by
using the Tobit modeling method with the aid of Stata software. The results are displayed in Table 9.

It can be seen from Table 9 that the regression coefficient of the primary term (ER) is negative,
while that of the secondary term (ER2) is positive. The regression result shows that in the years
2006–2018, the relatively low ER intensity fails to motivate logistics enterprises to implement
technological innovation and management system innovation for the purpose of energy conservation
and emission reduction.

Meanwhile, according to Table 9, the thresholds of the effect of ER on the GTFP are 4.9262 and
1.3993 respectively, and the midpoint of the curve is 3.1627. That is, the relationship between the
ER and the GTFP is a U-shaped curve which falls first and then rises. When the ER is smaller than
1.3993, it leads to a decrease of the GTFP. Nevertheless, the effect is not significant, and there is no
strong negative correlation between the two. When the ER lies between 1.3993 and 4.9262, it causes
a significant drop of the GTFP, and the drop can be divided into two ranges. First, the GTFP drops
notably when 1.3993 < ER < 3.1627. Second, as the ER intensity increases, the GTFP gradually declines
at a reduced rate and even increases when 3.1627 < ER < 4.9262. When ER > 4.9262, the two become
remarkably positively correlated, which means that the ER can promote the improvement of the GTFP.
It can be concluded that when the ER intensity is low, logistics enterprises, failing to be constrained by
the ER, will not effectively adopt energy-saving and environment-protecting measures. As a result,
the market environment is further deteriorated, and therefore, the investment in pollution control
is imminent. As the ER intensity increases, logistics enterprises realize that they must gradually
improve their own environmental control measures and raise the GTFP by updating production
and transportation equipment, formulating energy-saving operating mechanisms, and altering the
development mode. In this process, the GTFP changes from negative to positive.
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Table 9. Spatial effect of ER on the GTFP of the logistics industry in Jiangsu Province.

Variable GTFP EC TC

LnER −11.4580
(11.1478)

−10.4649
(11.5393)

−12.4326
(11.4397)

LnER2 1.8114 ***
(0.4424)

1.6421 ***
(0.4192)

1.9619 ***
(0.3461)

LnLP 0.1609
(0.0920)

0.1642
(0.0829)

0.2243
(0.1123)

LnEP 0.4642 ***
(0.1974)

0.7043 ***
(0.2432)

0.6543 *
(0.2746)

LnPGDP 0.2643 **
(0.1131)

0.3042 **
(0.1389)

0.2109 ***
(0.0772)

LnRD 0.2437 ***
(0.0463)

0.1492 ***
(0.0832)

0.3253 ***
(0.0894)

LnAGG 0.2473 ***
(0.0436)

0.2252 ***
(0.0474)

0.2113 ***
(0.0463)

conj 12.4865
(11.3326)

11.5393
(9.4298)

13.7509
(14.9821)

Note: (1) ***, **, and * mean that the variable is significant at the levels of 1%, 5%, and 10%, respectively. (2)
The corresponding value in the explanatory variable is the standard deviation. This part shows that the model
construction is effective.

From the perspective of regional development, the spatial effect of ER on the GTFP of the logistics
industry in the three regions of Jiangsu Province (Northern Jiangsu, Central Jiangsu, and Southern
Jiangsu) is presented. The results are shown in Table 10:

Table 10. Spatial effect of ER on the GTFP of the logistics industry in the three regions of Jiangsu Province.

Variable Northern Jiangsu Central Jiangsu Southern Jiangsu

LnER −11.4957
(10.1637)

−10.4588
(12.4956)

−11.5342
(14.5329)

LnER2 1.6198 ***
(0.2835)

1.6113 ***
(0.3058)

2.1358 ***
(0.2841)

LnLP 0.1364
(0.0635)

0.1463
(0.0692)

0.1846 *
(0.0723)

LnEP 0.5957 **
(0.2194)

0.7395 ***
(0.2243)

0.6540 *
(0.2139)

LnPGDP 0.1846 **
(0.0674)

0.4853
(0.2523)

0.3194 ***
(0.0946)

LnRD 0.2946 ***
(0.0492)

0.1845 ***
(0.0542)

0.1642 *
(0.0664)

LnAGG 0.2198 ***
(0.0548)

0.2745 ***
(0.0621)

0.2826 ***
(0.0427)

conj 10.9361
(12.4936)

12.4856
(9.4298)

9.4865
(14.9821)

Note: (1) ***, **, and * mean that the variable is significant at the levels of 1%, 5%, and 10%, respectively. (2) The
corresponding value in the explanatory variable is the standard deviation.

As can be observed from Table 10, the effect of ER on the GTFP of the logistics industry in three
regions obviously differs. The regression coefficient of the primary term is negative, and the effect is
not significant. In contrast, that of the secondary term is positive, and the effect is significant at the
level of 1%, indicating the obvious threshold effect. The calculation results of the threshold ranges of
the three regions reveal that the threshold values of Northern Jiangsu are 1.3024 and 5.4491, those of
Central Jiangsu are 1.5772 and 4.9136, and those of Southern Jiangsu are 1.0194 and 4.4073. Among the
three regions, Southern Jiangsu, in which the GTFP of the logistics industry begins to reverse when the
ER reaches 1.0194, is the most sensitive to ER policies. The fact that the threshold range in Southern
Jiangsu is the smallest suggests that this region responds to the ER the fastest and adopts a pretty
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effective environment-protecting mechanism. Northern Jiangsu responds to the ER the most slowly,
followed by Central Jiangsu. In addition, the threshold range in Northern Jiangsu is the largest, which
means the effect of ER intensity on the GTFP of the logistics industry in this region presents a large
lag effect in time. The corresponding midpoints of the threshold ranges of Northern Jiangsu, Central
Jiangsu, and Southern Jiangsu are 3.3757, 3.0356, and 2.7133, respectively. This shows that the ER
succeeds in exerting its motivating effect at different points due to the different resource endowments
and driving modes of the logistics industry.

Judging from the coefficients of various variables, labor productivity can promote the increase
of the GTFP of the logistics industry in Southern Jiangsu, and energy productivity has the strongest
promoting effect (0.7395) on the GFTP of the logistics industry in Central Jiangsu. In terms of per capita
GDP, the performance (0.3194) of Southern Jiangsu is better. In terms of technological innovation,
Northern Jiangsu achieves the highest marginal growth rate (0.2946), suggesting that technological
improvement in Northern Jiangsu has the most significant effect on the GFTP of the logistics industry.
In terms of industrial agglomeration, the abundant resource endowment (0.2826) of Southern Jiangsu is
pretty conducive to the improvement of the GFTP of the logistics industry. In general, with the increase
of ER intensity, the development of the regional logistics industry shifts from extensive development
at the expense of the environment to new development driven by new technologies, new business
forms, etc. In this way, the regional economic development gets promoted.

4. Conclusions and Suggestions

(1) The GFTP of the logistics industry is measured with the aid of the Malsquist–Luenberger SBM
model of unexpected output. The GTFP values calculated after considering carbon emissions as an
unexpected output are all greater than those without considering carbon emission. This indicates
that in the years 2006–2018, the logistics industry in Jiangsu Province continuously abandons the
traditional extensive development path with high-energy consumption and heavy pollution and
attaches importance to technological progress rather than scale efficiency. The ER policies issued by the
government take effect. Among the 13 cities, Xuzhou City, Changzhou City, and Yangzhou City, whose
development of the logistics industry is driven by technology investment, witness a prominent increase
of the GFTP of the logistics industry. From the perspective of regional development, Southern and
Central Jiangsu, whose logistics industry has been relatively mature and stable, are not significantly
affected by changes in environmental pollution and energy consumption, whereas the development
of the GFTP of the logistics industry in Northern Jiangsu still needs to be driven by high-efficiency
investment and strong technology.

(2) The overall positive effect of ER on the improvement of the GTFP of the logistics industry
presents a lag in time, and there exists a temporal turning point for the effect of ER on the GTFP of
the logistics industry. That is, the ER of the current period results on a decline in the GTFP, but the
ER of lag period promotes the improvement of the GTFP. From the perspective of EC and TC, in the
short term, logistics companies are more concerned about their own benefits and tend to focus on
EC. However, the enterprises must gradually increase their investment in technology R and D with
the continuous rise of pollutant treatment and comprehensive utilization rates and the continuous
strengthening of pollution punishment and pollution control investment. In the long run, ER will
inevitably manifest its positive promoting effect as the application of new technologies and R and D
achievements will gradually offset the ER-induced cost increase.

(3) The analysis based on the Tobit model shows that the primary term (ER) has a negative effect
on the GTFP of the logistics industry, while the secondary term (ER2) exerts a positive effect. This result
suggests that although the low-intensity ER cannot arouse the enthusiasm of logistics enterprises for
technological innovation, the low-intensity ER and the promulgation and implementation of a series of
environment-protecting policies and regulations can promote the GTFP, EC, and TC of the logistics
industry. At the same time, from the perspective of regional development, among the three regions,
Southern Jiangsu is the most sensitive to ER policies, followed by Central Jiangsu, and Northern
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Jiangsu responds to the ER the most slowly. The corresponding midpoints of the threshold ranges of
Northern Jiangsu, Central Jiangsu, and Southern Jiangsu differ. Specifically, that of Northern Jiangsu
being the largest, followed by Central Jiangsu, and that of Southern Jiangsu is the smallest. This result
shows that the promoting effect of ER on the GTFP of the logistics industry significantly differs spatially
under different resource endowments and driving modes.

Through the above analysis, combined with the spirit of the opinions of the general office of the
State Council on policies and measures to promote the healthy development of the logistics industry
issued during the Twelfth Five-Year Plan period, Jiangsu Province formulated the Twelfth Five-Year
Plan and the Thirteenth Five-Year Plan for the development of the logistics industry, which further
increased the policy support for the green development of the logistics industry. The effects of these
series of special policies have gradually emerged; however, it is true that green logistics is a long-term
and arduous task, and the following suggestions are proposed.

(1) Local governments and logistics enterprises should raise their awareness of a low-carbon
economy. On the one hand, they should accelerate the development and utilization of clean energy
in place of traditional energy sources and increase the use of renewable energy sources, so as to
reduce carbon emissions during logistics operations at the source [40]. On the other hand, they
should strengthen the development and utilization of low-carbon technologies and further promote
the application mode of “Internet + logistics”. Moreover, under the encouragement of a favorable
policy environment, it is advised to accelerate the implementation of new processes and new methods
and increase the output of unit energy consumption. While achieving economic benefits, the logistics
enterprises should pursue a goal which boasts economic and social attributes, namely saving resources
and protecting the environment. They should attach importance to the green logistics and the resulting
energy saving, high efficiency, and low pollution, finally realizing the coordination of logistics activities
with social and ecological benefits.

(2) Considering the differences in the distribution of logistics resources and the level of economic
development in different regions, it is necessary to carefully choose the ER methods instead of imposing
one method for various regions. For the regions with low ER intensities, raising the ER intensity is
conducive to the improvement of the GTFP of the logistics industry. On the contrary, for the regions
whose ER intensities have reached a certain level, further raising the ER intensity may inhibit the
improvement of the GTFP [10,30,42]. Therefore, the government should grasp the environmental
carrying capacity of the logistics industry in different regions more carefully, raise the ER intensity
step by step, and make flexible, effective dynamic adjustment of ER policies, gradually optimize the
combination of ER tools, especially the ER tools suitable for the current development of logistics
industry in China, and encourage innovation. In this way, the GTFP of the logistics industry can be
enhanced, and the sustainable development of green logistics can be promoted.

(3) While the ER purifies the logistics environment in the logistics process, it is suggested to
consider the greening of both forward logistics links and the reverse logistics system in the supply
chain [43,44,48]. In accordance with the concept of sustainable development, a reverse logistics system
for processing products and packaging should be established. For example, a waste and old material
center that is equipped with the functions of maintenance and recycling can be established to facilitate
the recycling of waste and old material resources and to alleviate the pollution of waste and old
materials to the ecological environment. The system is helpful to promote the unity of logistics, social,
and environmental interests and realize the development of a circular economy.
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