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Ports are an important node of a country’s external goods circulation, as well as large
consumers of energy consumption. This paper uses the STIRPAT (Stochastic Impacts by
Regression on Population, Affluence, and Technology) model to study the trend of carbon
emissions under different scenarios based on the energy consumption data of Chinese
ports from 2010 to 2019 and analyzes the possibility of the peak carbon dioxide emission
of Chinese ports. The results show that the carbon emissions of Chinese ports have
peaked in 2013 under most scenarios, with CO2 emission of 9,213,500 tons and carbon
emission intensity of 0.783 tons of CO2/10

3-tons of throughput. In addition, considering
other scenarios, carbon emission action strategies should be formulated according to the
differences of carbon emission peaking conditions of specific ports.
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1. INTRODUCTION

According to the report released by the Intergovernmental Panel on Climate Change (IPCC) in 2014,
the global climate problem has become the biggest challenge for the future development of the world,
and human activities are the main factor causing the global climate problem. As a responsible major
country in the world, as well as the largest energy consumer and carbon dioxide emitter, China is
playing a key role in tackling global climate change.

The Chinese government has pledged to achieve the peak of carbon emissions around 2030 and
will do its best to reach the peak as soon as possible (Mo et al., 2018). Due to the large differences in
the social economy development, energy structure, and carbon emission characteristics of regions in
China (Liu et al., 2015; Ye et al., 2017), the Chinese government has set the target of differentiated
peak emission by region and industry, and the eastern region of China, transportation and other
service industries should be the first to peak carbon emission (Chai, 2015). Transportation is the
service industry with the highest carbon emissions in China, accounting for 9.2% of the national
carbon emissions. Port is a relatively centralized and manageable link in the transportation industry
with carbon emissions. Therefore, the peak of port industry carbon emissions is very important for
the country to achieve as soon as possible.

At present, many experts and scholars are focused on the issues of carbon emission peak at the
level of administrative regions. Particularly some studies emphasized the promotion of green
technology to reduce environmental emissions (Zhao et al., 2020; Zhao et al., 2021). Moreover,
the negative impacts of environmental pollution on human health were also determined (Gu et al.,
2019; Gu et al., 2020). Others optimized inputs at the farm level to reduce the negative impacts of
emissions on human health and the environment (Elahi et al., 2019a; Elahi et al., 2019b). Some
scholars determined the socio-psychological factors for the adoption of technology and strategies
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(Woldegebrial et al., 2018; Elahi et al., 2021). However, until
now limited studies focused on carbon emission in specific
industries. Therefore, it is of great practical significance to
study the future trend of carbon dioxide emissions from
Chinese ports and formulate targeted strategies to provide a
scientific basis for peaking national overall carbon emissions
and a new focus for improving the comprehensive
development capacity of ports.

The research steps are as follows: first, calculate the energy
emission of Chinese ports from 2010 to 2019; second, the
STIRPAT model was used to select port throughput, port
container throughput, 10,000-ton berth number, and carbon
emission intensity of port throughput as influencing factors to
build a prediction model of carbon emission of Chinese ports
through regression fitting. Third, different scenarios are set to
predict the future carbon emission trend of Chinese ports; fourth,
analyze the trend of carbon emissions from Chinese ports and
provide policy suggestions for the green development of
Chinese ports.

2. MATERIALS AND METHODS

Chinese ports are widely distributed, and there are great
differences in port development and carbon emissions. This
paper studies the peak carbon emissions of ports in China,
including the total of coastal ports and inland ports.

2.1 Data Sources
The data used in this paper are from China Statistical Yearbook
(2010–2020), China Port Yearbook (2010–2020), Provincial and
Municipal Statistical Yearbook (2010–2020), and China Energy
Statistical Yearbook (2010–2020). The basic data of carbon
emission impact analysis of Chinese ports are shown in Table 1.

2.2 Carbon Emission Accounting
Carbon emissions of one port are mainly composed of two parts.
One is the direct energy emissions, which mainly refers to fossil
fuels such as diesel, gasoline, natural gas, and other emissions.
The second is indirect energy emissions, which mainly refers to
the resources from the pipe network such as electricity and hot
water. Although there are no direct emissions of carbon dioxide,

the production of these resources also consumes energy and
releases carbon dioxide. According to IPCC guidelines, the
calculation formula of energy-related carbon dioxide emissions
from Chinese ports is shown in .

It � ∑
N

i�1
Ii � ∑

N

i�1
Ei × βi ×

44
12

(1)

where It represents the CO2 emissions of all energy sources in t
year; Ii represents the CO2 emissions of a kind of energy; βi is the
carbon emission coefficient of this energy; and Ei is the energy
emissions.

2.3 Stochastic Impacts by Regression on
Population, Affluence, and Technology
Model Construction
The traditional STIRPAT model was developed from IPAT
(I�Human Impact, P�Population, A � Affluence, T �
Technology) model. The IPAT model has been widely applied
since it was proposed in the 1970s. This model can be used to
study the impact of population, and economic and technological
factors on environmental pressure, and its expression is shown in
Formula (2):

I � PAT (2)

where I is environmental pressure, including resource and energy
emissions and greenhouse gas emissions, etc.; P represents
population size; A is the degree of wealth, that is, the level of
economic development; and T is the technical level.

However, the IPAT model has certain limitations. It assumes
that different factors contribute the same to environmental
pressure, which is inconsistent with the hypothesis of the
environmental Kuznets curve (Xu et al., 2016). To overcome
the limitations of this model, York proposed the STIRPAT model
on the basis of the IPAT model (Huang et al., 2021), and its
expression is shown in :

I � aPbAcTde (3)

where I is environmental pressure; P represents population size;A
is the degree of wealth; and T is defined as the technical level. A is

TABLE 1 | The data of Chinese ports.

Time CO2 emission
(106t)

Throughput (109t) Container throughput
(106 TEU)

Number of
104-ton wharf

(unit)

Energy consumption
intensity (t/103t)

2010 8.1513 8.932 146.13 1,293 0.338
2011 8.5671 10.041 163.67 1,366 0.316
2012 8.7286 10.776 177.47 1,453 0.3
2013 9.2135 11.767 190.21 1,524 0.29
2014 9.0774 12.452 202.44 1,614 0.27
2015 8.9505 12.75 211.56 1723 0.26
2016 8.9108 13.201 220.05 1793 0.25
2017 9.0766 14.007 238.38 1892 0.24
2018 8.9119 14.351 251 1942 0.23
2019 8.6009 15.169 261 2076 0.21
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the model coefficient; b, c, and d, respectively, represent the elastic
coefficient of P, A, and T, and e is the random error term.

In the empirical analysis, the logarithm of both sides of Eq. 3
can be expressed as .

ln I � m + b lnP + c lnA + d lnT + ε (4)

where m � ln a, ε � ln e.
The STIRPAT model rejects the assumption of unit elasticity

and adds randomness, which is convenient for empirical analysis
(Xu et al., 2020; Chai et al., 2021). According to existing research,
when studying carbon emissions from ports, the four factors
including throughput, container throughput, the number of 104-
ton wharf, and intensity of energy consumption per unit
throughput of the port are widely applied in the studies
related to port carbon (Ge and Wang, 2021), and can
significantly affect carbon emissions (Zheng et al., 2018; Wu
et al., 2020; Zhou et al., 2020; Guo et al., 2020a; Guo et al., 2020b).
Therefore, the four factors are selected in this article as the
influence factors of carbon emissions to build the extended
STIRPAT model, and its expression is

ln I � b lnP + c lnA + d lnT + f lnGT + g (5)

where I is the emission of standard coal (tons of carbon dioxide);
P is port throughput (109 tons); A is the port container
throughput (106 TEU); T is the number of 104-ton wharves of
the port (unit); GT is the energy consumption intensity of port
throughput (the amount of standard coal consumed per ton of
throughput, t/103t); b, c, d, and f, respectively, show the elastic
coefficient of each variable, g � m + ε, m � ln a, ε � ln e, a is the
model coefficient, and e is a random error term. Because m and ε
are the constant term, they can be combined into g.

3. RESULTS AND DISCUSSION

3.1 Model Regression Fitting and Result
Analysis
The throughput, container throughput, 10,000-ton berth number,
and energy consumption intensity in the basic data of influencing
factors analysis of carbon emissions of Chinese ports were taken as
explanatory variables, and the carbon emissions of Chinese ports
were taken as explained variables. The linear regression analysis of
the model was conducted by using SPS-26 software. During the
analysis, the statistical data were first logarithmically processed and
then input into SPSS software. In linear regression, due to the

multicollinearity among all the influencing factors, the collinear
statistical VIF (variance inflation factor) is relatively large. The
results of linear regression analysis after logarithmic processing of
basic port data are shown in Table 2.

It can be seen from Table 2 that VIF values are all greater than
100, indicating collinearity among variables. In order to avoid
multicollinearity, this paper adopts ridge regression analysis to fit
carbon emissions and various influencing factors based on the
extended STIRPATmodel to build the carbon emissions model of
Chinese ports. The correlation ridge trace diagram is shown in
Figure 1.

The ridge trace diagram shows that the data are convergent,
and the suggested K value is 0.01 < 0.05, a small K value indicates
good fitting degree, and the regression model is suitable for
analysis. After the value of K � 0.01 is determined, ridge
regression operation is carried out, and the obtained
regression results are shown in Table 3.

TABLE 2 | The results of parameter estimates.

Unstandardized
coefficients

Standardized coefficients
Beta

t p VIF

B Std. error

Constant 0.993 0.002 — 581.039 0.000** —

Cargo handling capacity 1 0 4.637 3771.083 0.000** 133.518
Container throughput 0 0 −0.001 −0.529 0.62 300.471
Shipping berth for 10,000-ton ships 0 0 0.001 0.424 0.689 187.069
Energy consumption intensity 1 0 4.128 3542.988 0.000** 119.861

FIGURE 1 | Ridge trace figure.

TABLE 3 | Ridge regression analysis parameters.

Variable b c d f g F k R2

Value 0.618 0.176 −0.213 0.569 2.022 15.321 0.01 0.925
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The adjusted R2 value of the regression equation after ridge
regression treatment was 0.925, indicating a high degree of fitting
of the equation. In addition, the F value of the regression equation
was 15.319, and the p value was 0.005 < 0.05, indicating that the
equation passed the overall significance test. The regression
equation is shown as :

ln I � 0.618 lnP + 0.176 lnA − 0.213 lnT + 0.5691 lnGT + 2.022

(7)

Through the regression fitting result of carbon emissions of
the target port, it can be concluded that port throughput,
container throughput, and port throughput carbon emission
intensity have a positive impact on port carbon emissions,
while the number of 10,000-ton docks has a negative impact.

3.2 Future Carbon Emission Trend Analysis
of Chinese Ports
3.2.1 Carbon Emission Scene Setting of Chinese Ports
In the prediction model of Chinese port carbon emissions, the
change rates of throughput, container throughput, 104-ton
berth number, and energy consumption intensity are set at
low, medium, and high values. Among them, the median value
is set according to the relevant policies and historical data
trends of the above four quantities. In the setting of low value
and high value, the change rate of each influencing factor is
adjusted based on themedianvalue.At the same time, the future
change rate of the four related factors also comprehensively
considers the impact of the new situation, such as COVID-19
and economic anti-globalization, on each factor (Corinne et al.,
2020). Among these factors, COVID-19 will have a long-term
impact on port throughput and container throughput, while
other factors are less affected. Therefore, the rate of change in
port throughput and container throughput has decreased based
on trends set by relevant policies and historical data. The values
listed in Table 4 are the change rates of influencing factors of
ports in China.

According to the change rates of three influencing factors of
ports in China, five development scenarios are established,
namely, completely extensive development scenario, optimized
development scenario, baseline scenario, energy-saving
development prospect and green development prospect, and

the trend of carbon emission of each province is predicted.
Table 5 shows the detailed settings for the five scenarios.

Extensive development prospect (Q1): All the influencing
factors are taken as high values. This scenario reflects that the
port takes development as the main goal and pays less attention to
carbon emissions and climate change. The port development is a
relatively extensive way. In this scenario, rapid port development
will inevitably lead to high energy emission and high
environmental pollution, and the influencing factors of carbon
emission of each port will remain at a high level.

Open development scenario (Q2): Two throughput rates are
high, but each berth number and energy consumption per unit
throughput rate is moderate, the situation is each berth number
and throughput per unit energy consumption to maintain the
existing rate unchanged, under the condition of port throughput
to maintain rapid growth, so the port’s carbon emissions will
remain in a higher position.

Baseline scenario (Q3): All influencing factors are removed
from themedian. This scenario reflects that the development of the
portwillmaintain the current speed of steadydevelopment and the
port’s carbon emissions will also maintain a moderate level.

Energy saving development prospect (Q4): Two throughput
indicators of the port maintain the current development rate,
and the remaining two indicators maintain a low rate of change.

TABLE 4 | Change rate of influencing factors of national port carbon emission.

Change rate Time Change rate

P (%) A (%) T (%) GT

Low 2020–2025 3.0 4.0 2.5 −4.5%
2026–2030 2.5 3.5 2.0 −4.0%
2031–2040 2.0 3.0 1.5 −3.5%

Medium 2020–2025 3.5 4.5 3.0 −4.0%
2026–2030 3.0 4.0 2.5 −3.5%
2031–2040 2.5 3.5 2.0 −3.0%

High 2020–2025 4.0 5.0 3.5 −3.5%
2026–2030 3.5 4.5 3.0 −3.0%
2031–2040 3.0 4.0 2.5 −2.5%

TABLE 5 | Carbon emission scene setting of ports.

Scenario Scene settings

P A T GT

Extensive development scenario High High High High
Open development scenario High High Medium Medium
Baseline scenario Medium Medium Medium Medium
Energy-saving development scenario Medium Medium Low Low
Green development scenario Low Low Low Low

FIGURE 2 | Carbon emission forecast for each port in varied scenarios.
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In this scenario, carbon emission of each port will remain at a
relatively low level.

Green development outlook (Q5): All the factors are low,
the scene not only reflects the port’s throughput of port
development as the main target, but attaches great
importance to the green development, the port will give full
consideration to the society, environment, climate, and so on
demand, to realize green development, so the prospects for the
port’s carbon emissions will be significantly lower than the
benchmark scenario port of carbon emissions.

3.2.2 Carbon Emission Trend Analysis of Chinese Port
According to the prediction model of Chinese port carbon
emissions, and combining with five scenarios, the carbon
emissions of each target port during 2020–2040 under
different scenarios are calculated (Figure 2), and the
carbon peak situation of this port under different scenarios
is estimated.

In the Q1 scenario, the carbon emissions of Chinese ports
cannot reach the peak and will continue to increase after 2020.
In Q2, the carbon emission of Chinese ports will grow slowly,
but it should not peak again. In Q3, the carbon emission of
Chinese ports will decline again from 2020. Under this
scenario, the peak of carbon emissions of Chinese ports is
9.2135 million tons in 2013, and the carbon emission intensity
of port throughput in this year is 0.783 tons of carbon dioxide/
thousand tons of throughput. In Q4 and Q5 scenarios, the peak
of Chinese port carbon emissions is consistent with the
baseline scenario, but the decline of carbon emissions is faster.

According to the above analysis, it can be concluded that
carbon emissions will peak earlier and at a low peak level if
paying attention to the green development of ports. On the
contrary, if the extensive development of ports is completely
abandoned and the pollution emission control is not strong
enough, it will inevitably lead to a large amount of energy
emissions. Port energy conservation and emission reduction
should not be at the expense of port development. Therefore,
based on the baseline scenario, it is supposed to effectively
improve port operation efficiency and reduce coal power ratio
along with energy consumption per unit throughput in order
to effectively reduce port carbon emissions and promote the
peak of port carbon emissions in advance.

4. POLICY SUGGESTIONS

Through the analysis of statistical data and forecast data, it is
highly likely that China’s port carbon emissions will reach the

peak in 2013, but there is still a lot of work to be done in order
to achieve zero port carbon emissions.

In order to realize the dual carbon goal proposed by the state as
soon as possible, the Chinese port industry needs to take measures to
strengthen the recommendation of energy conservation and emission
reduction. Specific suggestions are as follows.

First, the government has issued policies to promote port
enterprises to start from port operation and production, increase
technological input, improve operation efficiency, and strive to
reduce the carbon emission intensity of unit throughput.

Second, we should guide port enterprises to rapidly increase
the proportion of electric energy in total energy consumption and
reduce direct energy consumption such as gasoline and diesel. For
example, offshore electricity is used for berthed ships and oil is
used for related operating machinery and vehicles.

Third, guide port enterprises to make use of their unique
advantages of being close to the sea to build distributed power
stations using wind and solar power to provide clean energy for
port production and life.

Fourth, the government should coordinate the development of
ports in different regions. Ports in the more developed areas of the
Yangtze River Delta and Pearl River Delta should strengthen
cooperation with ports in less developed areas to promote
technological progress in energy conservation and emission
reduction.

The above policy suggestions are put forward under the
existing data analysis and technical conditions, which may not
fully conform to the future development trend. With the
deepening of environmental protection awareness and the
progress of energy-saving technology, the application of green
energy technology and the construction of energy storage
technology will become the research trend in the future.
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