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Abstract: The Dual Credit Policy is an important policy to promote the development of new energy
vehicles unique to China. There is a lack of research that intuitively reflects the impact of the Dual
Credit Policy on industrial development through an industry-based factual comparison of this policy.
Based on the Taylor expansion and Cross-Entropy description, this article obtains the development
regression function by the quantitative analysis of five indicators—the number of new energy vehicle-
related patents, sales volume, production volume, the number of newly registered enterprises,
infrastructure construction (the number of charging piles) before and after the implementation of
the policy, and describes them quantitatively using the Taylor expansion to obtain the CPTI index.
The CPCEI index is obtained by calculating the Cross-Entropy of the distribution of each indicator
before and after policy implementation. The above two indices were compared for the growth trend
and growth quantity, respectively. Finally, the following conclusions were obtained: 1. the Dual
Credit Policy is more significantly promoted at the market level than the impact on the technical
level; 2. although there is also incentive in infrastructure construction, it cannot fully react to the
market demand; 3. the number of start-up’s operating in the new energy field increases, but the
overall growth trend gradually slows down and fails to significantly change the existing structure of
the market. This study suggests that the government should launch a special incentive policy for
charging piles, and new energy manufacturers should expand their production capacity to meet the
market demand.

Keywords: Dual Credit Policy; policy impacts; Taylor series expansion; Cross-Entropy

1. Introduction

China’s Dual Credit Policy is a policy measure implemented to promote the develop-
ment of New Energy Vehicles (NEVs). Its developmental timeline includes the introduction
of the policy by the government in 2017, which required automobile manufacturers to en-
sure that a certain proportion of their total sales consisted of NEVs and set energy efficiency
standards for vehicles. Subsequently, in 2019, the policy underwent modifications, further
raising the requirements for manufacturers.

In 2021, the government released a new automotive industry development policy,
continuing its support for the development of NEVs and announcing plans for carbon
peaking and carbon neutrality aimed at further boosting the demand for NEVs. This policy
plays a crucial role in the Chinese automotive market by encouraging manufacturers to
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increase the production and sales of NEVs. Additionally, it has significant implications for
the global automotive market and the development of new energy technologies.

2. Literature Review

Research on China’s Dual Credit Policy began to gain momentum around 2018, and
to date, there are relatively few studies available for reference. Prior to 2020, research on
the Dual Credit Policy primarily focused on whether the government subsidies and macro
support measures under this policy were excessive. For instance, researchers like Zheng
Jichuan [1] found that combining research and development (R&D) subsidies with the
Dual Credit Policy could enhance market mechanisms, promote technological innovation,
and facilitate the healthy development of automotive companies. Shiqi Ou and others [2]
studied the policy’s impact on the profits of plug-in electric vehicle companies, suggesting
that pure electric cars with a range exceeding 250 km and plug-in hybrid SUVs might be
popular. Some scholars also optimized the subsidies under the Dual Credit Policy [3].

In 2020, the subsidy intensity of this policy began to decrease, prompting scholars to
shift their focus toward predicting the post-subsidy impact. As China’s new energy vehicle
industry developed and supporting infrastructure improved, a market-driven reshuffling
of enterprises ensued. Companies that had profited by deceiving the government for
subsidies were gradually phased out due to low product quality. After 2020, scholars began
to concentrate on demonstrating whether the Dual Credit Policy truly had a driving effect on
the industry and validating it through various models. For example, Yuchao Li conducted
empirical tests on the “corner overtaking theory” using a difference-in-differences (DID)
model with China’s new energy vehicle industry as the research subject [4,5]. Ding Lian
explored the impact of the Dual Credit Policy on production and cooperative research
and development by constructing a game theory model [6]. Liu Chunling and others
based their analysis on the Arrow-Karlin model, using the Hamilton function to analyze
optimal control conditions for producing new energy vehicles in the context of cumulative
points and carbon trading [6]. Their model was more comprehensive than others as it
considered situations with no points, only points, or both points and carbon trading. Lu
Chao and colleagues [7] argued that the Dual Credit Policy imposed higher requirements
on the quality and energy efficiency of automotive products from the supply side. Their
research considered coordination in the automotive supply chain regarding price, emissions
reduction, and mileage, leading to three conclusions that provide guidance for supply chain
coordination in automotive companies. Yu et al. [8] analyzed the impact of withdrawal
and cumulative points on the optimal decisions of both automakers and dealers using the
Stackelberg game.

To date, research on the aforementioned topics has become relatively abundant. The
academic community largely agrees that the Dual Credit Policy effectively promoted the
development of China’s new energy vehicle industry and strongly recommends it as
a policy that other countries can emulate. However, there has been limited discussion
regarding the underlying mechanisms and reasons for the policy’s effectiveness. Without a
thorough study and analysis of the intrinsic logic and process by which the policy drives
industry development, it may not be conducive to other countries attempting to formulate
similar systems. Some scholars have conducted comparative analyses of the policy’s
implementation process and industry feedback paths [9,10]. Nevertheless, these studies
tend to focus on fundamental industry development logic and lack comprehensive data
support and mathematical logic. To gain a more direct and clear understanding of how
China’s Dual Credit Policy impacts industrial development, this study utilizes a large
volume of data, condenses it into indices through mathematical modeling, and compares
the indices before and after the policy’s implementation.

There are various methods for policy research, and quantifiable approaches include
text analysis, cost-benefit (utility) analysis, multi-criteria decision analysis, policy simula-
tion, and dynamic modeling, among others. Li et al. [11] employed cost-benefit (utility)
analysis using Chinese publicly listed new energy vehicle companies as research samples,
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applying a difference-in-differences model to analyze the Dual Credit Policy based on firm
heterogeneity. They analyzed changes in investment scale, intensity, and structure of new
energy enterprises under this policy and found that the Dual Credit Policy significantly
promoted R&D investment by new energy vehicle companies, with the growth in the scale
of R&D investment being more significant than the growth in intensity. Cheng et al. [12]
analyzed the production decisions of automakers under the fuel consumption credit and
new energy vehicle credit systems, proposing optimizations for production decisions under
the credit system. Li and Xiong [13] analyzed the dynamic changes in the operational
and environmental performance of new energy vehicle enterprises under the Dual Credit
Policy from the dimensions of significance, agility, and stability. They concluded that the
Dual Credit Policy had released positive effects during its incubation period, with more
significant and stable growth in environmental performance and more agile responses in
operational performance. Lu et al. [14] introduced externalities from the field of economics
and the Pirlo theory to explain the intrinsic mechanism of the Dual Credit Policy. Their
research provides theoretical support for the positioning and direction of the Dual Credit
Policy in the development of the new energy vehicle industry.

In existing policy research, both domestic and international scholars have proposed
numerous models. Zang Wei et al. [15] conducted quantitative AI policy research using
policy tools and the PMC policy evaluation model, employing text mining and content
analysis methods to quantitatively analyze current AI policy texts in China. They combined
this with an analysis of China’s AI research frontier trends to explore future policy develop-
ment directions, providing specific and actionable recommendations for the formulation
and revision of AI policies. To avoid the subjectivity of variable scoring, they used the
results of policy text mining to assign values to variables based on the spatial vector model
and used PMC indicator scores and PMC surface synthesis to reflect various dimensions of
the policy. Although their policy quantification method is relatively traditional, it achieves
multi-dimensional analysis and allows for a more comprehensive policy evaluation, mak-
ing it very helpful for our research. Remal Abotah et al. [16] studied a comprehensive
policy development evaluation model to assess the effectiveness of energy policy tools
in increasing the adoption of renewable energy. They used a hierarchical decision model
(HDM) to construct a comprehensive policy evaluation framework. Their policy evaluation
model provides ideas from multiple perspectives for construction.

It can be seen that scholars have employed a wide range of models, all of which are
reasonably explained. This paper proposes a new index to demonstrate the impact of
policies on industrial development. The underlying logic is to approximate the coefficients
of functions using the Taylor expansion method to analyze the trends in different variables.
The Taylor expansion is widely used in fields such as physics, engineering, and the natural
sciences [17]. It can be used to approximate the behavior of complex physical phenomena
to better understand and predict experimental results. Similarly, this method has broad
applicability in policy research. The Taylor expansion provides an effective tool for ap-
proximating complex industrial or economic models into simpler mathematical forms,
making the analysis of policy impact more feasible. By analyzing the coefficients after
Taylor expansion, researchers can understand the linear and nonlinear responses between
different variables, revealing the potential impacts of policy changes. However, careful
consideration of data quality and model applicability is needed, especially when policy
changes are significant or nonlinear, to ensure the accuracy and reliability of the analysis.

3. Method and Proceeding

For a more concise description of the data and experiments, Table 1 presents the
symbols used in this study to represent the relevant meanings.
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Table 1. Symbol representation and related meaning.

Symbols Meaning

b before
a after
t time

Pab Pre-policy patent growth
Paa Patent growth after the policy
Sb Pre-policy sales volume growth
Sa Sales growth after the policy

Prb Pre-policy production growth
Pra Production growth after the policy
Cob Pre-policy new business growth
Coa New business growth after the policy
Chb Pre-policy charging pile growth
Cha Charging pile growth after the policy
Min Minimum value
Max Maximum value

T Indicator data for the year
Ppa Patent probability distribution before policy implementation
Qpa Patent probability distribution after policy implementation
Ps Probability distribution of sales volume (units) before policy implementation
Qs Probability distribution of sales volume (units) after policy implementation
Ppr Probability distribution of production (units) before policy implementation
Qpr Probability distribution of production (units) after policy implementation
PcO Probability distribution of the number of newly established companies before the policy was implemented
QcO Probability distribution of the number of newly established companies after the policy was implemented
Pch Probability distribution of the number of charging posts before the policy was implemented
Qch Probability distribution of the number of charging posts after the policy is implemented
H Comparative data by year before and after the policy

CPTI Dual Credit Policy Taylor expansion index
CPCEI Dual Credit Policy Cross-Entropy index

Based on previous studies on policy quantification, this study will measure the impact
of the Dual Credit Policy on the development of the new energy vehicle industry in terms of
technology, market, capital, and infrastructure development. The specific indicators of these
aspects are the number of patents granted for new energy, the production of new energy
vehicles, the sales of new energy vehicles, the registration of companies providing new
energy services, and the number of charging piles. According to the relevant documents
from the Ministry of Industry and Information Technology of the People’s Republic of
China and combined with previous studies, 2017 is widely considered to be the first year
when the Dual Credit Policy became widely known and played a role in the development
of the industry, so this study looked for data from the five years before and five years after
the policy was implemented, as shown in Table 2.

According to previous studies (some literature’s serial numbers), the time series data
can be fitted to the time series development function of a certain indicator by regression
and make a forecast of the future trend. This function can better reflect the development
pattern of this indicator at that stage and is a good quantitative tool. Therefore, in this
study, regression analysis is conducted separately for the above indicators before and after
the policy to obtain the statistically optimal fit function. Comparing the changes of the two
functions of the same indicator before and after the policy, the impact of the Dual Credit
Policy on different indicators in terms of development trends can be reflected more clearly,
thus illustrating the impact of the Dual Credit Policy on the overall industry.
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Table 2. Relevant data before and after 5 years.

Patents Sales Volume
(Units)

Production
(Volume)

Number of Newly
Established Companies

Number of
Charging Piles

2012 27 12,800 12,600 2491 18,000
2013 43 17,600 17,500 3102 22,528
2014 54 74,800 78,500 4766 31,000
2015 99 331,100 340,500 5758 49,000
2016 412 507,000 517,000 8755 141,000
2017 233 777,000 794,000 13,442 240,000
2018 643 1,256,000 127,0000 21,516 387,000
2019 677 1,206,000 1,242,000 23,311 516,000
2020 610 1,367,000 1,366,000 32,848 807,000
2021 993 3,521,000 3,545,000 72,707 1,147,000

Maximum value 993 3,521,000 3,545,000 72,707 1,147,000
Minimum value 27 12,800 12,600 2491 18,000
Average value 379.1 90,7030 918,310 18,869.6 335,852.8

Data source: CNKI, SAIC.

In the comparison between the two functions before and after, this study adopts
two treatments, the Taylor expansion and Cross-Entropy, for continuous functions and
discontinuous point sets, respectively. The Taylor formula can expand the functions of
different shapes in the form of continuous sub-polynomials of the independent variable,
which serves the purpose of standardizing and unifying the description of the functions.
By summing up the complex weights of different term coefficients, the eigenvalues of
the growth trend of the function—i.e., the acceleration of the function change—can be
effectively defined and extracted, i.e., the Taylor index of the effect of the double integra-
tion policy. Cross-Entropy is now widely used in machine learning. It is used similarly
to describe the mathematical treatment of the difference between the function obtained
from machine learning and the target function; the value can effectively feedback on the
difference between the two and feedback to the computer to correct its learning results and
make it more accurate for continuous iteration. In this study, with the help of the concept of
Cross-Entropy, the changes of each index before and after the double integration policy are
analyzed, and the Cross-Entropy index of the policy impact is finally obtained. It should be
noted that the Cross-Entropy index of double integration policy impact is used to describe
the change of indicators, while the Taylor index of double integration policy impact is used
to express the change of the indicator development trend.

To facilitate statistical analysis, some necessary processing of the raw data is required.
In this study, the above data are normalized and standardized according to the indicators.
Further, considering the requirements of regression analysis for the dependent variable,
this study uses the standardization process of determining the range, and the data interval
is set to [0.2,0.8]. The formula is

Equivalent value of each item = 0.2 +
0.6

max − min
∗ (T − min) (1)

The processing results are shown in Table 3.
Based on the above processing results, this study conducted regression analysis using

IBM SPSS Statistics 26 data processing software and obtained ten sets of parameter estimates
and function images. Based on the statistical residual sum-of-squares test, F-test, and
significance test, this study selected the most appropriate function type possible to fit the
ten functions of the five variables before and after the policy, and the process was as follows.
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Table 3. Processed data.

Patents Sales Volume (Units) Production (Volume) Number of Newly
Established Companies

Number of
Charging Piles

2012 0.2 0.2 0.2 0.2 0.2
2013 0.210 0.201 0.201 0.205 0.202
2014 0.217 0.211 0.211 0.219 0.207
2015 0.245 0.254 0.256 0.228 0.216
2016 0.439 0.285 0.286 0.254 0.265
2017 0.328 0.331 0.333 0.294 0.318
2018 0.583 0.413 0.414 0.363 0.396
2019 0.604 0.404 0.409 0.378 0.465
2020 0.5621 0.432 0.430 0.459 0.619
2021 0.8 0.8 0.8 0.8 0.8

Table 4 represents the selection of the growth equation of the number of patents before
the implementation of the policy.

Table 4. Growth in the number of patents before the implementation of the policy.

Square of R F Degree of
Freedom 1

Degree of
Freedom 2 Significance Constants b1 b2

Linear 0.654 5.659 1 3 0.098 0.108 0.051
Logarithmic 0.470 2.657 1 3 0.202 0.158 0.108
Secondary 0.923 12.056 2 2 0.077 0.303 −0.116 0.028

Index 0.712 7.423 1 3 0.072 0.149 0.173
Logistic 0.712 7.423 1 3 0.072 6.712 0.841

Figure 1 shows a fitting function image of the changes in patent index over the five
years prior to policy implementation.
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Figure 1. Growth in the number of patents before the implementation of the policy.

According to the statistical requirements, the model with a smaller sum-of-squared
residual and a larger and less significant F-test was chosen as the most suitable expression.
Considered together, the exponential function was chosen as the mathematical expression
in this study.

Pab(t) = 0.1490.173t (2)
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Table 5 represents the selection of the equation for the growth of the number of patents
after the implementation of the policy. Figure 2 shows a fitting function image of the
changes in patent index over the five years after policy implementation

Table 5. The number of patents increased after the implementation of the policy.

Square of R F Degree of
Freedom 1

Degree of
Freedom 2 Significance Constants b1 b2

Linear 0.757 9.339 1 3 0.055 0.298 0.092
Logarithmic 0.792 11.425 1 3 0.043 0.350 0.235
Secondary 0.763 3.215 2 2 0.237 0.250 0.134 −0.007

Index 0.727 7.996 1 3 0.066 0.328 0.175
Logistic 0.727 7.996 1 3 0.066 3.053 0.840
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Figure 2. The number of patents increased after the implementation of the policy.

The model with a small sum-of-squared residual and a larger and less significant
F-test was chosen as the most suitable expression according to statistical requirements.
Considering the influence of chance factors such as the new crown epidemic in the fourth
year after the implementation of the policy, data with a large deviation from the overall
trend in the fourth year are not considered. Based on this study, the exponential function
was chosen as the mathematical expression.

Paa(t) = 0.3280.328t (3)

Based on the same research approach and the way the expressions are chosen, the
growth in the number of new energy vehicles sold, the growth in the number of productions,
the growth in the number of newly registered enterprises, and the growth in infrastructure
construction (taking the growth in the number of charging piles as an example) before and
after the implementation of the policy are analyzed as follows.

The data were processed to obtain the model summary and parameter estimates,
respectively, to obtain the following Tables 6–13. Figures 3–10 show the exponential fitting
functions of sales volume, production, the number of newly registered enterprises in the
field, and the number of charging stations in the five years before and after the policy.

Sb(t) = 0.1720.94t (4)

Sa(t) = 0.2630.181t (5)

Prb(t) = 0.1710.95t (6)

Pra(t) = 0.1710.95t (7)
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Cob(t) = 0.1850.185t (8)

Coa(t) = 0.1790.224t (9)

Chb(t) = 0.1790.63t (10)

Cha(t) = 0.2480.229t (11)

Table 6. Pre-policy sales volume increase.

Square
of R F Degree of

Freedom 1
Degree of
Freedom 2 Significance Constants b1 b2

Linear 0.870 20.108 1 3 0.021 0.163 0.022
Logarithmic 0.691 6.695 1 3 0.081 0.183 0.049
Secondary 0.978 43.690 2 2 0.022 0.210 −0.017 0.007

Index 0.881 22.188 1 3 0.018 0.172 0.094
Logistic 0.881 22.188 1 3 0.018 5.825 0.910

Table 7. Increase in sales after the policy.

Square
of R F Degree of

Freedom 1
Degree of
Freedom 2 Significance Constants b1 b2

Linear 0.668 6.039 1 3 0.091 0.189 0.096
Logarithmic 0.515 3.186 1 3 0.172 0.276 0.209
Secondary 0.861 6.202 2 2 0.139 0.493 −0.165 0.044

Index 0.735 8.322 1 3 0.063 0.263 0.181
Logistic 0.735 8.322 1 3 0.063 3.803 0.834

Table 8. Pre-policy production growths.

Square
of R F Degree of

Freedom 1
Degree of
Freedom 2 Significance Constants b1 b2

Linear 0.873 20.610 1 3 0.020 0.163 0.023
Logarithmic 0.694 6.819 1 3 0.080 0.183 0.050
Secondary 0.977 42.568 2 2 0.023 0.209 −0.017 0.007

Index 0.884 22.791 1 3 0.017 0.171 0.095
Logistic 0.884 22.791 1 3 0.017 5.834 0.909

Table 9. Production growth after the policy.

Square
of R F Degree of

Freedom 1
Degree of
Freedom 2 Significance Constants b1 b2

Linear 0.665 5.945 1 3 0.093 0.192 0.095
Logarithmic 0.513 3.156 1 3 0.174 0.278 0.208
Secondary 0.856 5.964 2 2 0.144 0.494 −0.164 0.043

Index 0.731 8.134 1 3 0.065 0.265 0.179
Logistic 0.731 8.134 1 3 0.065 3.770 0.836

Table 10. Growth in new registrations before the policy.

Square
of R F Degree of

Freedom 1
Degree of
Freedom 2 Significance Constants b1 b2

Linear 0.936 44.106 1 3 0.007 0.182 0.013
Logarithmic 0.801 12.063 1 3 0.040 0.193 0.030
Secondary 0.985 66.011 2 2 0.015 0.200 −0.002 0.003

Index 0.951 58.204 1 3 0.005 0.185 0.058
Logistic 0.951 58.204 1 3 0.005 5.397 0.944



World Electr. Veh. J. 2023, 14, 295 9 of 16

Table 11. Growth of newly registered businesses after the policy.

Square
of R F Degree of

Freedom 1
Degree of
Freedom 2 Significance Constants b1 b2

Linear 0.772 10.154 1 3 0.050 0.126 0.111
Logarithmic 0.605 4.599 1 3 0.121 0.225 0.244
Secondary 0.938 15.182 2 2 0.062 0.430 −0.150 0.044

Index 0.865 19.151 1 3 0.022 0.220 0.224
Logistic 0.865 19.151 1 3 0.022 4.551 0.799

Table 12. Pre-policy charging post growth.

Square
of R F Degree of

Freedom 1
Degree of
Freedom 2 Significance Constants b1 b2

Linear 0.714 7.496 1 3 0.071 0.175 0.014
Logarithmic 0.527 3.349 1 3 0.165 0.189 0.031
Secondary 0.948 18.239 2 2 0.052 0.224 −0.028 0.007

Index 0.738 8.447 1 3 0.062 0.179 0.063
Logistic 0.738 8.447 1 3 0.062 5.572 0.939

Table 13. Charger growth after the policy.

Square
of R F Degree of

Freedom 1
Degree of
Freedom 2 Significance Constants b1 b2

Linear 0.956 64.743 1 3 0.004 0.163 0.119
Logarithmic 0.826 14.196 1 3 0.033 0.257 0.275
Secondary 0.997 310.703 2 2 0.003 0.309 −0.006 0.021

Index 0.991 337.811 1 3 0.000 0.248 0.229
Logistic 0.991 337.811 1 3 0.000 4.038 0.795
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The above data are plotted against the corresponding images and the expressions are
derived in the same manner as above, and the expressions and images are shown below.

The Taylor expansions of the above ten functions were studied and calculated, the
parameters of the first five orders were listed, and the following table was obtained.

Through Table 14, it can be seen that the fourth- and fifth-order coefficients are close
to zero, which is also consistent with the mathematical mechanism of the Taylor expansion.
The higher the order of expansion, the smaller the overall impact on the function, that is, the
higher order infinitesimal in higher mathematics. In order to facilitate the calculation and to
consider the different degrees of influence of different orders on the overall expression of the
function, this study selects the coefficients of the first three orders of the Taylor expansion
and performs the summation of the complex weights to finally obtain the relative growth
indices describing the different types of influencing factors before and after the policy. The
first-order compound weight is the original value, the second-order compound weight is
1/2, and the third-order compound weight is 1/3. From this data, Table 15 is obtained.

Table 14. Taylor’s Expanded Form.

Coefficient Matrix
before Compound

Weighting

Fifth Order
Pole Number

Forth Order
Pole Number

Third Order
Pole Number

Secord Order
Pole Number

First Order
Pole Number

Constant
Term

Patents-before 0.000 0.000 0.000 0.010 −0.143 1.000
Patents-after 0.000 0.000 −0.001 0.013 −0.159 1.000
Sales-before −0.002 0.011 −0.062 0.258 −0.719 1.000
Sales-after 0.000 0.000 0.000 0.006 −0.105 1.000

Production-before −0.002 0.012 −0.064 0.265 −0.729 1.000
Production-after 0.000 0.000 0.000 0.005 −0.103 1.000

Companies-before 0.000 0.000 0.000 0.009 −0.136 1.000
Companies-after 0.000 0.000 −0.001 0.014 −0.167 1.000
Charging-before 0.000 0.002 −0.017 0.111 −0.471 1.000
Charging-after 0.000 0.000 0.000 0.010 −0.139 1.000



World Electr. Veh. J. 2023, 14, 295 13 of 16

Table 15. Empowering Taylor Unfolds.

Coefficient Matrix
before Compound

Weighting

Fifth Order
Pole Number

Forth Order
Pole Number

Third Order
Pole Number

Secord Order
Pole Number

First Order
Pole Number

Relative
Growth Index

Patents-before 0.000 0.000 0.000 0.005 −0.143 −0.138
Patents-after 0.000 0.000 0.000 0.006 −0.159 −0.153
Sales-before 0.000 0.003 −0.021 0.129 −0.719 −0.610
Sales-after 0.000 0.000 0.000 0.003 −0.105 −0.102

Production-before 0.000 0.003 −0.021 0.133 −0.729 −0.617
Production-after 0.000 0.000 0.000 0.003 −0.103 −0.101

Companies-before 0.000 0.000 0.000 0.005 −0.136 −0.131
Companies-after 0.000 0.000 0.000 0.007 −0.167 −0.161
Charging-before 0.000 0.001 −0.006 0.055 −0.471 −0.421
Charging-after 0.000 0.000 0.000 0.005 −0.139 −0.134

It should be noted that the positive, negative, and magnitude of the relative growth
index do not represent the actual growth because the above data are obtained through
independent normalization and standardization of different factors under the influence of
policies, and it can only be compared with the relative growth index of similar factors to
illustrate the changes in different indicators before and after the policy change.

The relative growth indices of similar factors are compared to obtain the policy impact
coefficient for a single factor, as shown in Table 16.

Table 16. Policy Impact Factor.

Policy Impact Indicators Patents Sales Volume
(Units)

Production
(Volume)

Number of Newly
Established Companies

Number of
Charging Piles

Policy Impact Factor 0.904 5.964 6.135 0.816 3.142

Cross-Entropy is using the same set of events to measure the information about the
variability between two probability distributions. In information theory, Cross-Entropy is
denoted as two probability distributions, P and Q, where P denotes the true distribution and
Q denotes the untrue distribution in the same set of events, where the untrue distribution
Q is used to denote the average number of bits required for an event to occur. Let the
two probability distributions of different indicators before and after the policy study in
this study be P and Q, where P is the pre-policy distribution and Q is the post-policy
distribution.

In this study, the variability of the pre-policy indicator P is expressed in terms of the
post-policy indicator Q, which can be given by the following equation.

H(P, Q) = ∑
t

P(t)·ln
(

1
Q(t)

)
(12)

The base of the logarithmic function is chosen to be e, which is in line with the general
convention of Cross-Entropy calculation, and the value reflects only the relative influence
without strict requirements of taking values, as shown in Table 17.

Table 17. Data comparison before and after the policy.

Indicator Category Patents Sales Volume
(Units)

Production
(Volume)

Number of Newly
Established Companies

Number of
Charging Piles

Comparative data by year
before and after the policy

0.223 0.221 0.220 0.245 0.229
0.113 0.1778 0.177 0.208 0.187
0.109 0.191 0.189 0.214 0.159
0.141 0.214 0.216 0.177 0.104
0.0980 0.0635 0.0637 0.057 0.059
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By summing the above data according to the indicator categories, the Cross-Entropy
index of the impact of the Dual Credit Policy for a particular indicator is obtained, and the
results are shown in Table 18.

Table 18. Policy Impact Cross-Entropy Index.

Patents Sales Volume
(Units)

Production
(Volume)

Number of Newly
Established Companies

Number of
Charging Piles

Dual Credit Policy affects
Cross-Entropy index 0.685 0.867 0.866 0.901 0.738

4. Data Analysis and Interpretation

According to the formula of the policy impact Taylor index, when the value is less
than 1, it means that the growth rate of the indicator has slowed down after the policy,
and when the value is greater than 1, it means that the growth rate of the indicator has
significantly increased after the policy implementation, and the larger the value, the faster
the growth rate, which means the higher the sensitivity of the policy introduction to the
indicator. According to the formula and definition of the Cross-Entropy index of policy
impact, the larger the value, the more obvious the change of the indicator before and after
the policy.

Observing the table, it is obvious that the Taylor index of policy influence on the
sales, production, and the number of charging piles of new energy vehicles is greater than
one, which indicates that the introduction of the policy has a greater incentive effect on
the production of enterprises, the purchase intention of consumers, and the construction
of infrastructure. According to Qiao Jiantong et al. [18], it is the above three factors that
play a dominant role in industry evaluation. Therefore, this study concludes that China’s
Dual Credit Policy has a greater driving effect on the development of the new energy
vehicle industry.

Among the three indicators greater than one, the policy impact coefficients of sales
volume and production volume are close, indicating that the policy introduction has a
relatively similar driving effect on these two indicators. The number of charging piles,
however, is much lower than the incentive effect on production and sales, although it also
shows a significant incentive effect after the policy is introduced. With the accumulation
of time, the number of new energy vehicles grows year by year, while the growth of the
number of charging piles has difficulty matching the considerable number of new energy
vehicles. As a result, China has experienced a significant shortage of charging piles in
recent years during peak travel periods such as holidays. Further, the data results of this
study are in line with what is really happening in the current usage scenario.

The results of the study also show that there was a slowdown in the growth of patents
and the number of new companies formed after the policy was introduced. This does not
mean that the policy has had a negative impact on industry development. First, according
to Qiao Jiantong et al. [16], the weight of IPR and willingness to capital in the industry
development index is small in measuring the current industry development. These two
can be screened in terms of intuitive factors such as the number of patents granted and
the number of new companies formed. Of course, this study does not suggest that these
two are not important for the industry. According to Li Xueqing [19], intellectual property
rights and willingness to invest are the basis for the development of the industry, and both
are prerequisites for the formation of good products and market feedback. Therefore, there
has been a lot of technology research and investment in this study even before the national
Dual Credit Policy was introduced.

Comparing the difference between the two above, the policy impact coefficient of
IP is closer to 1, indicating that the growth rate of patent applications has slowed down
since the policy came out, but basically followed its original development trajectory. This
also indicates that technology research is relatively less sensitive to policy. Scientific
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research is something that requires technology accumulation over a long time, meaning
that generations of scientists and engineers keep innovating a little bit at a time, until its
properties are stable and its development law is inherent. The number of newly established
companies, on the other hand, has slowed down more significantly, with a numerical
decrease of nearly 20%.

Through the comparison of the Cross-Entropy index, we can see that all indicators
continue to grow after the policy, and the Cross-Entropy index of sales and production is
basically the same, with sales slightly larger than production. Among them, new start-ups
have, relatively, the most growth in terms of number. This data indicates that there are more
entrepreneurs joining the new energy track in an attempt to gain a foothold in the market.

5. Conclusions

Overall, the Dual Credit Policy has strongly promoted the development of China’s
new energy vehicle industry and can be a policy widely studied and referred to around
the world. Synthesizing the results of the above research and data analysis, the following
specific conclusions and recommendations can be obtained from this study.

China’s Dual Credit Policy has played an important role in promoting the development
of the new energy vehicle industry, which is mainly reflected in the production capacity
of enterprises, consumers’ willingness to purchase, and infrastructure construction. The
output of scientific research is hardly affected by the policy in the short term. The policy
offers far less incentive for infrastructure than the market needs and expects, and there will
continue to be a large gap in the coming years.

The incentive of the Dual Credit Policy makes investors more willing to invest in
original enterprises rather than in new enterprises, which also reduces the possibility of
cheating the national policy preferences and rubbing the hot spot to rub the wind from
the dimension of the capital market. The willingness of capital to invest in new energy
companies is decreasing, and they are more willing to allocate resources to companies with
accumulated technology and long production experience. The number of newly established
companies exceeds the market needs. Further, a large part of the new energy enterprises
cannot meet the market requirements, and this lack of technical production capacity will be
shut down. At present, market supply and demand have basically reached equilibrium,
and consumers’ purchasing power will continue to be maintained for a period of time.
With the replacement of traditional fuel and vehicles, the market dividend will continue for
some time.

We believe that, with the passage of time, especially after 2030, pure electric models will
occupy the absolute market dominance and become the mainstream of the automotive market.
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