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Asa sustainability policy in emergingmarkets, the dual-credit policywas implemented inChina to
promote automakers expanding investment in research and development, and ultimately
achieve the energy-saving and emission-reduction goals of the auto industry. We regard the
dual-credit policy as a quasi-natural experiment, use the difference-in-difference model to divide
Chinese automakers into an experimental group (the passenger vehicle group) and a control
group (the commercial vehicle group), and analyze the impacts of the dual-credit policy in the
brewing period (2014–2016) and the implementation period on the scale, intensity, and structure
of research and development investment. We found that the dual-credit policy has significantly
promoted the research and development investment of automakers, and the heterogeneity of
automakers has a moderating effect on the policy effects. In addition, we also found that there
are certain differences in the significance and stability of the effects of the dual-credit policy during
the brewing period and the implementation period. Finally, we presented some management
insights into the response to the dual-credit policy.
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INTRODUCTION

Since 2015, China has become theworld’s largest producer andmarketer of new energy vehicles (NEVs)1 for
six consecutive years,2 but there is still a lack of major breakthroughs in the key-core technologies of NEVs
(Wang, et al., 2020). One of the important reasons is the excessive dependence of automakers on
government subsidies, and the lack of driving force and pressure for technology’s research and
development (Wen and Huang, 2020; Yan and Huang, 2020). Therefore, how to use the
nonsubsidized policy to continue the cultivation function of industrial policy, enhance the power and
pressure of R&D and innovation of automakers, and establish a long-term mechanism for energy-saving
and NEV management are the top priorities of policy-makers in industrial policy design (Ministry of
industry and information technology of the people’s Republic of China, 2017; Fernandez, et al., 2018).

Drawing lessons from the Zero Emission Vehicle Mandate (ZEVM) in California and European
Union Emission Trading Scheme (EUETS), China planned originally in 2014 and officially rolled out
the “Parallel Administrative Measures for Passenger Vehicle Corporate Average Fuel Consumption
and New Energy Vehicle Credits” (the dual-credit policy for short) in September 2017. Among them, the
Corporate Average Fuel Consumption Credit (CAFCC) focuses on examining the energy-saving and
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efficiency-enhancing level of traditional automobile. The New Energy
Vehicle Credit (NEVC) focus on the assessment of NEV’s energy-
saving emission reduction level. The policy stipulates that the CAFC-
negative credits (CAFC−)must be offset, and theways of compensation
include the CAFC-positive credits (CAFC+) carry-over in the previous
year, CAFC+ transferred by affiliated enterprises, or own NEV-positive
credits (NEV+) or NEV+ from other automaker. These rules will force
automakers to expand R&D investment in the short term and achieve
CAFC+ assessment standards through energy-saving and efficiency-
enhancing technologies. At the same time, automaker’s NEV+ must
account for 8, 10, and 12% of the sum of the two positive credits,
respectively, in 2018–2020, which can be earned by producing or
buying. In the long run, these rules can incentivize automakers to
expand investment in R&D of NEV in order to seek competitive
advantage and profit from point trading. China expects to build a
management mechanism of “two integral parallel management, two
types of vehicle-coordinated development” by implementing the dual-
credit policy (Figure 1). Credit policy, an effective policy instrument, is
used widely in the administration of public affairs such as
environmental protection (John, 2008), household registration
management (Xie, 2014), and social services (Qian et al., 2017).
Nevertheless, this is a new exploration for China’s auto industry to
introduce such policy. It is still to be proven by the academia whether it
is effective for automakers to expand R&D investment.

There are two shortcomings in previous studies. First, China’s
dual-credit policy was formulated based on learning from the ZEVM
and EUETS, but its contents and quotas were different. There are also
differences in NEV technologies and market in China and other
countries, so some existing results of ZEVM may not be perfectly
suitable for China. In addition, the impacts of an industrial policy often
have a pre-diffusion period. Actively picking up policy signals and pre-
acting are common in modern enterprise operation (Sierzchula et al.,
2012; Cherif and Hasanov, 2019). Actually, the dual-credit policy
exerted a considerable impact starting from the brewing period, but
existing research gave more weight to its impacts in the
implementation period than to those in the brewing period.

In summary, this study focuses on the following issues in the
context of China’s dual-credit policy. 1) Does the dual-credit

policy encourage automakers to expand R&D investment? What
are the characteristics of the scale, intensity, and structure of R&D
investment? 2) In the context of the dual-credit policy, does
corporate heterogeneity have a moderating influence on policy
effects? 3) In the different periods of the dual-credit policy, do the
policy effects have phased characteristics?

The main contributions are as follows. 1) In terms of research
design, existing researches mainly use theoretical analysis rather than
data simulation to study the dual-credit policy (Literature Review
Section). However, we regard the dual-credit policy as a quasi-natural
experiment, using the DID model to gain some new insights. 2) In
terms of research content, on the basis of the scale and intensity of
R&D investment, we have added discussions on the structure of R&D
investment. In addition, we divide the impact of the dual-point policy
into the brewing period and the implementation period, and compare
the phased characteristics of the policy effects at different periods (Did
Result Section). 3) In terms of research conclusions, we found that the
automakers took the initiative to respond during the brewing period
and make arrangements in advance. This is different from some
conclusions of existing researches, which provides new insights for
academic researchers and policy-makers (Conclusion Section).

The rest of this article is structured as follows. The Literature
Review and Theoretical Analysis section conducts the literature review
and formulates the research hypotheses; The Model and Methods
section provides a detailed description of the design of this study; the
Empirical Analysis section derives the empirical results; and the
Conclusion and Policy Implications section summarizes the full
article and draws relevant policy implications.

LITERATURE REVIEW AND THEORETICAL
ANALYSIS

Literature Review
1) Nonsubsidized policies in the NEV industry

Our research background is related to nonsubsidized policies,
which have become a popular topic in the field of the NEV

FIGURE 1 | Operation mechanism of the dual-credit policy for Chinese automakers.
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industry in recent years. Scholars generally believe that nonsubsidized
policies, including infrastructure policies (Andrenacci et al., 2016),
commercial demonstration (Barton and Schütte, 2017; Li et al., 2019a),
government procurement policies (Xiong and Li, 2019), and right-of-
way priority policies (Langbroeket al., 2016), have a positive effect on
the development of the NEV industry and corporate innovation. Our
study also explores nonsubsidized policies in the NEV industry
(i.e., China), but the difference is that we focus on the impact of
technical standard policy (i.e., the dual-credit policy) on R&D in the
NEV industry.

2) Credit policy in the NEV industry

Many literatures explore the ZEVM in the NEV industry.
Some scholars believe that the ZEVM has a positive effect in
promoting the innovation of NEVs, such as reducing R&D costs
(Majumdar, 2005), increasing R&D investment and patents
(Stokes and Breetz, 2018), restraining free-riding (Sykes and
Axsen, 2017), and mass production (Melton et al., 2016).

Furthermore, some scholars noticed the problems in its
implementation, such as “picking the wrong winner” (Nordhaus,
2011), market failure (Weber and Rohracher, 2012), weakening the
effects of other policies (Rubal et al., 2019), and increasing carbon
emissions in the short term (William et al., 2020).

Our study also explores the credit policy (i.e., the dual-credit
policy) in the NEV industry. The difference is that we divide the
dual-credit policy into the brewing period and the
implementation period, and theoretically analyze the
mechanism of action in different periods.

3) The dual-credit policy

Existing research on the dual-credit policy can be divided into
two levels. At the micro level, researchers mainly focused on the
changes in automakers’ corporate decision-making. Cheng and
Mu (2018) discussed the optimal pricing, production, and
internally negotiated prices under the three strategies of
insufficient credits, surplus credits, and credit balance. Zheng
et al. (2019) used a three-stage game model to analyze the impact
of positive credit prices on the R&D investment of automakers. Li
et al. (2020) discussed optimizing production of NEVs with
across-chain cooperation under the dual-credit policy. Tang
et al. (2020) analyzed the influence of NEV+ threshold on the
optimal decision-making of automakers. Li and Xiong (2021)
used the PVAR model to analyze business and environmental
performances of automakers. Ma et al. (2021) analyzed the fuel
economy, production, and coordination of conventional
automotive supply chains under the dual-credit policy.

At the macro level, it focuses on the trend of the EV sales and
industry profits (Ou et al., 2018), the market share of different
vehicles (Wang et al., 2019), implications for private motorization
rate and battery market (Hsieh et al., 2020), and greenhouse gas
consequences (He, et al., 2020).

All of the aforementioned literature mainly adopted data
simulation methods or pure theoretical analysis, and few empirical
analyses using micro data have been conducted. We extended the
dimension of R&D structure based on established dimensions, which

included R&D scale and R&D intensity. As far as we know, there has
been no research studying the multidimensional characteristics of
R&D under industrial policy. Our study considers these changes to
better predict and explain the impact of the dual-credit policy.

Theoretical Analysis and Assumptions
The theory of innovation deemed that technological coercion
standards will bring more constraints and cost to enterprises, but
opportunities are given for them to keep original values or create new
ones, so R&D investment and technological innovation can be swelled
(Oliver and Holzinger, 2008). Moreover, industrial policy has a more
positive effect on enterprises’ R&D investment in strategic emerging
industries than on those in general industries (Yülek et al., 2020).

1) The dual-credit policy greatly affects the investment from the
brewing period to the implementation period and presents fresh
characteristics in the scale, intensity, and structure of R&D.

First of all, the mandatory regulatory characteristics of the dual-
credit policy in the short term can be effective automakers’ R&D
investment and technological innovation (Haščič et al., 2009). So far,
China’s auto industry has performed mediocre in innovation,
especially in key-core technologies such as batteries, electric drive
systems, and power control systems, which needs to be supplemented
(Xie and Zeng, 2019). The policy requires automakers to sell enough
NEVs every year to earn credits accounting for 8, 10, and 12% in
2018–2020, respectively. Emission requirements of conventional auto
can be met, and NEV+ surplus can be earned only through widening
the R&D scale and technological innovation. Meanwhile, the
compulsory designs of “independent accounting and differentiated
calculation” strengthen the motives of materializing benefits of
automakers via technological innovation (Sykes and Axsen, 2017);
standards may give stronger incentives than permits (Wesseling, et al.,
2014).

Second, credits that use rules of “free trade and one-way offset”
are substitutes and link with the subsidized policy in favor of
enhancing long-term anticipation of automakers’ R&D
innovation profits. Tradable NEV+ is essentially a class of
pollution rights trading providing long-term incentives to
passenger car enterprises through market mechanisms to
compensate enterprises’ energy-saving and emission reduction
behaviors (Tsakiris et al., 2018). On the one hand, credit
calculation and offset rules are not only the law enforcement
basis for government to impose penalties but also the policy basis
for manufacturers to earn NEV government subsidies after
phasing out the NEV subsidy. They are now the government
compensation of automakers’ R&D innovation and step-by-step
replacement of the subsidized policy. On the other hand, NEV
credit surplus can be used to make up for the high R&D
investment via market transaction. It aims to indemnify
automakers’ R&D innovation through market and connect the
original subsidized policy. Consequently, the incentivized
characteristic of the dual-credit policy is propitious for
intensifying their R&D investment (Wang et al., 2019).

In addition, environmental regulation and technological
innovation policies are integrated into the dual-credit policy,
alleviating difficulties for automakers’ selections between
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up-to-standard and R&D investment. Policy regulation and
technological innovation promote and interact with each
other (Guo et al., 2017). For one thing, the credit
evaluation system signaled new regulatory assessments to
automakers, so those with sound technological foundation
will opt to comply with demands by widening R&D
investment, notably the scale of developers, and expanding
leading edges via self-innovation. For another, the offset
credits boost the capital input of some automakers with
weak technological ground. In the short run, their credits
will be hit through technological cooperation among
enterprises, establishment of affiliated enterprises, or credit
trade, and the R&D structure may be changed by the growth
of capital. More development of automakers and upgrading
transformation in the auto industry are made by these two
innovation strategies.

Based on above theoretical analysis, the research hypothesis,
“H1Under the dual-credit policy, automakers invest R&Dmore,”
is proposed to consist of the following three parts:

H1a: Under the dual-credit policy, automakers enlarge their
R&D scale,

H1b: Under the dual-credit policy, automakers intensify their
R&D intensity,

H1c: Under the dual-credit policy, automakers adjust their
R&D structure.

2) China’s automakers are greatly heterogeneous in market
orientation, enterprise scale, and profitability, so the
moderation effect is reflected in motivating the dual-credit
policy to some extent.

First of all, passenger vehicles (PVs) and commercial vehicles
(CVs) are two types of market orientation for China’s automakers
(Xiong and Li, 2019). The dual-credit policy evaluates PVs
directly, but the Ministry of Industry and Information
Technology (MIIT) held seminars many times on the credit
policy of CVs, suggesting that those automakers may not be
excluded. At present, the PV makers are facing more pressure on
the credit assessment, and the time is urgent and the task is heavy.
Therefore, the promotion effect of the dual-credit policy on the
scale and intensity of PV makers’ R&D will be more obvious.
Otherwise, PV makers are facing more complex types of
consumers, richer models, and more difficulty to develop.
Therefore, under the dual-credit policy, the adjustment and
optimization of the R&D structure of PV makers will be more
obvious.

Second, an enterprise scale is an important internal
characteristic that affects R&D. The larger the scale of the
automakers, the more NEV+ and CAFC+ required for the
assessment of compliance, and the greater the difficulty of
technological innovation. Therefore, small-scale automakers
with limited innovation resources and R&D talents tend to
concentrate on breakthrough innovation of key technologies,
which is an important growth mechanism for latecomers to
achieve industrial breakthrough. Large-scale automakers have
certain advantages in the R&D scale and tend to carry out
global innovation of common technology from the perspective

of long-term interests, and their R&D changes will be more
significant (Liu, 2019).

Furthermore, enterprise profitability affects the sustainability
of R&D investment (Dimitropoulos, 2020). The R&D of
automotive belongs to knowledge and capital intensive risk
investment. The profitability and profit level of automakers
determine the frequency and intensity of their innovation
activities. Therefore, under the dual-credit policy, the higher
the degree of profitability, the more obvious the growth of
their R&D investment.

With the theoretical analysis given above, the research
hypothesis, “H2 automakers’ heterogeneity exerts a
moderation impact on the dual-credit policy incentives,” is
proposed to compose of the following three sections:

H2a: Under the dual-credit policy, PV makers are motivated
more than CV ones,

H2b: Under the dual-credit policy, larger automakers are
inspired more than smaller ones,

H2c: Under the dual-credit policy, automakers with better
profitability are encouraged more than poorer ones.

3) In order to make up for the disadvantages of the subsidized
policy, China began to formulate the dual-credit policy in
2014. The MIIT began to organize government officials,
experts, and scholars to learn and discuss ZEVM and other
policies. At the same time, it publicly solicited opinions and
suggestions from the society, released industrial policy reform
signals through various ways, induced automakers to respond
positively, and made a layout in advance. In 2017, the dual-
credit policy was officially released, and some of the rules were
revised every year (Table 1). Therefore, it is necessary to
divide the dual-credit policy into the brewing period
(2014–2016) and the implementation period (2017–2019)
to study its phased impact on the R&D investment of
automakers.

The relationship between the research hypotheses proposed in
this study is shown in Figure 2.

THE MODEL AND METHODS

Samples and Date
At present, the dual-credit policy assesses automakers with
annual production and sales of more than 30,000 passenger
vehicles, and listed companies are the focus of the assessment.
At the same time, considering the continuity and availability of
data, we selected 20 China automakers’ listed companies as our
sample.3 Among them, 15 automakers which mainly provide PVs
are direct objects of the dual-credit policy, and another five
automakers that sold CVs are potential objects. Hence,

3Every listed company actually includes multiple automakers. For example, the
SAIC Group includes Shanghai Volkswagen, Shanghai GM, and SAIC-GM-
Wuling, and the GAC Group includes GAC Honda, GAC Toyota, and GAC
Mitsubishi.
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according to Table 2, this research dissevers these samples as the
T-group (PV makers) and the C-group (CV makers).

According to Figure 3, we can find that in 2014 (the year of
rolling out the dual-credit policy), the maximum difference of the
R&D scale mean value between the T-group and the C-group
reaches to 2.63 log units, indicating that the dual-credit policy
boosted the R&D scale of PV makers more. The maximum
difference of the R&D intensity mean value between the

T-group and the C-group automakers reached 1.6% in 2014.
In the R&D structure of PV makers, the capitalization ratio
(CRD/RD) mean value starts to decrease in general with a
clear adjustment direction, and the difference between it and
the R&D staff ratio (RDS/AS) mean value of CV makers narrows
quickly since 2014 and reaches the minimum of about 5.2%,
showing that the enactment and implementation of the dual-
credit policy is propitious to promote PV makers’ R&D

FIGURE 2 | Relationship of research hypothesis.

FIGURE 3 | Annual statistics of the average R&D investment of the T-group and the C-group.

Frontiers in Energy Research | www.frontiersin.org July 2021 | Volume 9 | Article 6943385

Li and Xiong The Dual-Credit Policy in China

https://www.frontiersin.org/journals/energy-research
www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles


investment, and credit trade motivates them to enlarge the R&D
scale and intensity, and upgrade the R&D structure at the
same time.

Model and Variable
TheDIDmodel is based on the idea of natural science research, which
treats policies as natural experiments or quasi-experiments outside the
economic system, and effectively controls the ex ante differences
between the research objects through modeling, to separate the real
results of policy influences effectively (Ashenfelter and Card, 1985; Yi
et al., 2020). It can avoid the endogeneity of explanatory variables
(such as policies), especially in the case of using panel data, which not
only use the exogeneity of explanatory variables but also control the
influence of unobservable overall factors that change over time, and
finally get unbiased estimation of policy effects.

Under the dual-credit policy, the impacts on R&D are
described as follows:

Yit � β0 + β1Examiit + β2Timeit + β3Didit + β4Moderatorit

+ β5Controlit + εit , (1)

where Yit represents the R&D of automakers, β1 controls the
difference between the T-group and the C-group, β2 controls the
common impact of time on the T-group and the C-group, β3
reflects the effect of the dual-credit policy in promoting
automakers’ R&D, i means different automakers, and t means
different years. The value of Examiit is 1 or 0, which represents the
T-group and the C-group. The value of Timeit is 1 or 0, which
represents the postimpact (2014–2019) and pre-impact
(2011–2013) of the dual-credit policy, respectively. Moderatorit
represents moderating variables, that is, automaker
heterogeneity. Controlit represents control variables, that is,
subsidized policies. β4 and β5, respectively, represent the
regression coefficients. εit means the random error term (See
Table 3).

Robust Test
1) Correlation test. In order to eliminate the correlation between
correlated variables and error terms, an endogeneity test is
necessary. The results manifest that the correlation coefficient
between the R&D scale and dummy variables (Examiit and
Timeit) evaluating the dual-credit policy is 0.208 (p < 0.05)
and 0.224 (p < 0.05), respectively; between the R&D scale and
profitability is 0.652 (p < 0.01) and 0.374 (p < 0.01), respectively;
and between the R&D scale and Subs is −0.505 (p < 0.01). High
correlation did not exist among other control variables. The VIF
of all variables is far smaller than the upper limit of 10. The
correlation between R&D intensity, the R&D structure, and other
major variables holds the similar feature. Thus, regression results
are not intervened by collinearity.
2) Parallel trend test. The interaction term between the dummy
variable year of the generation year and the dummy variable treat
of the T-group is added to the model 2) for regression (M and N
represent the number of periods before and after the policy,
respectively), and then the coefficient βj of the interaction term
treati × yearj is measured. It is the difference between the T-group
and the C-group in periodj. Specifically, β0 is the current effect of

the dual-credit policy, β-3–β-1 are the effects of 2011–2013 before the
dual-credit policy is brewed, and β1–β5 are after the release of the
dual-credit policy signal in 2015–2019. The first period (2013) before
the release of the dual-credit policy signal was selected as the model’s
benchmark group. The results show (taking the R&D scale as an
example) that the coefficients β-3–β-1 are not significantly different
from 0, indicating that there is no significant difference between the
T-group and the C-group in the one-to-three period before the dual-
credit policy. The T-group and the C-group are comparable before the
brewing period of the dual-credit policy, and the parallel trend
assumption is established.

Yit � α +∑
N

M

βjtreati × yearj + λi + ]i + ξ it . (2)

3) DID-PSM test. In order to eliminate the selection bias caused
by the different initial conditions between the T-group and the
C-group, the propensity matching method is used for testing
(taking the R&D scale as an example). As a reference, first
perform a univariate regression; the policy effect is 1.4905 (p <
0.01) and R2 � 0.1379, that is, the impact of the dual-credit policy
can explain 13.78% of the change in the R&D scale by the sample
enterprise. Further introducing covariates for multiple regression,
the Didit is 0.6515 (p < 0.1), market orientation (p < 0.01), the
enterprise scale (p < 0.05), and subsidies (p < 0.1) are all
significant, and tax preference is not significant.

The data are randomly sorted for propensity score matching.
Since the sample size is not large, matching with replacement is
performed, and parallel is allowed. The logit regression results
show that the estimated ATT is 0.2036, and the t value is less than
1.96, which is not significant. The regression results of sample
estimations after matching procedure are consistent with that
before matching. Among the total 180 observations, 19 in the
C-group are not in the common value range (off support), two in
the T-group are not in the common value range (off support), and
the remaining observations are in the common value range (on
support).

Further examine whether the matching results balance the data
well. The results show that the standard deviation of most variables
after matching is less than 10%, the deviation of tax preference
variables is 11.2%, and the results of most t-tests do not reject the
null hypothesis that there is no systematic difference between the
T-group and the C-group. It shows that most observations are within
the common value range, so only a small number of samples will be
lost when propensity score matching is performed.

EMPIRICAL ANALYSIS

DID Result
From the perspective of policy effects, as shown in Table 4, the
R&D investment is markedly boosted by the dual-credit policy
with more obvious growth of scale than that of intensity. The
Didit of the R&D scale and R&D intensity is 0.4031 (p < 0.05) and
0.013 (p < 0.05), respectively, meaning that comparing the
T-group with the C-group after implementing the dual-credit
policy, the R&D scale, which grows more, increased by 40.31%
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on average and R&D intensity by 1.31%. It proves that the
dual-credit policy has indeed promoted the growth of the
R&D scale and intensity of PV makers. The reason may be that
the incentive mechanism of the dual-credit policy improves the
innovation expectation and motivation of PV makers. At the
same time, the dual-credit policy has released a strong signal of
the adjustment of China’s auto industry to NEVs, which can also
lead the capital market to favor the NEV industry and expand the
financing channels and the scale of NEVs on the whole. However,
the incentive of R&D intensity is relatively weaker. There are two
kinds of possible reasons. First, automakers’ revenues in the
current period rose faster than their R&D scale in 2011–2019:
the rapid growth period of China’s auto consumers. In
consequence, the dual-credit policy incentives were dissolved
to some extent. Second, R&D intensity might be suppressed by
positive externalities of innovation spillovers in part. Empirical
results verify the H1a and H1b in H1 hypothesis.

We have an interesting finding in the R&D structure of PV
makers, which shows the characteristics of “valuing capital
more than talents.” As model I and Ⅱ document in Table 4,
the Didit of the capitalization ratio (CRD/RD) and the R&D
staff ratio (RDS/AS) is 0.0840 (p < 0.05) and -0.0054 (p <
0.05), respectively. The results show that after the release of
the dual-credit policy signals, the R&D structure of the
T-Group has been adjusted more significantly than that of
the C-Group. Specifically, the capitalization ratio increased
by 8.4%, while the R&D staff ratio decreased by 0.54%. It
indicates that under the dual-credit policy, PV makers need
to have the independent production capacity of NEVs in
order to meet the requirements of the mandatory proportion
rule of NEV+ so as to ensure that they can produce NEV+ and
avoid punishment or reduce the cost of purchasing credits
(Li, et al., 2019b). As a result, the adjustment of PV makers’
R&D structure is biased toward capital, and the growth level
is even much higher than that of the R&D intensity (1.31%) in
the short term. Comparatively speaking, the RDS/AS
declined slightly, reflecting the characteristic that the PV

makers’ R&D structure is inclined to capital. It may also
be due to the rapid growth of China’s automobile market
demand, and automakers have a larger increase in the
number of employees in production, sales, and other links,
leading to a relative decrease in the R&D staff ratio. The
empirical results confirm the hypothesis of H1C in H1.

From the perspective of enterprise heterogeneity, such as the
market orientation, enterprise scale, and profitability, has a more
obvious role in regulating the effect of policy for PV makers.
Table 4 shows that the Didit of market orientation (Mo) is 0.3858
(p < 0.1), 0.0084, −0.0296, and 0.0058, respectively, and the result
reveals that under the dual-credit policy, automakers targeting
the PV orientation are direct subject to policy regulations and are
under great pressure for assessment. They urgently need to
improve the energy-saving technology of traditional fuel
vehicles and the emission reduction technology of NEVs.
Therefore, the R&D investment has increased significantly.
The Didit of the enterprise scale (scale) is 0.6422 (p < 0.001),
0.0012, 0.0039, and 0.0126 (p < 0.1); it may be that automakers
with scale advantages have stronger innovation motives to pursue
monopoly advantages and profits; therefore, the performance of
expanding the R&D scale and increasing the R&D staff is the
most obvious. The Didit of profitability (Roe) is 1.9156 (p < 0.01),
−0.0107, 0.0274 (p < 0.1), and −0.0056; it shows that automakers
with high profitability are more sustainable in increasing R&D
investment, which can support a substantial increase in the scale
of R&D investment and a continuous increase in the
capitalization ratio. The above results indicate that the three
factors have a significant positive moderating effect on the
scale of R&D investment; among which, the moderating effect
of profitability is the most obvious, and the moderating effect of
the enterprise scale is the most significant.

After adding a cross-term between the dual-credit policy
and the enterprise scale (scale), the coefficients are in
negative values and show prominent statistical significance
at the 10% level, suggesting that the policy effect becomes
feebler if an automaker becomes larger. Affected by the

TABLE 1 | Main policy signals in different stages of the dual-credit policy.

Year Policy signals Enterprise behaviour

Brewing period 2014 (1) The MIIT organizes officials, experts, and scholars to study ZEVM
and EUETS.

Representatives of automakers (BYD, BAIC, BMW, Ford, and Nissan)
participated in the signing ceremony of the China-US NEVs policy
laboratory and received the signal of the dual-credit policy(2) China established the China–U.S. NEV policy laboratory

2015 (1) The MIIT solicits suggestions from the public for the dual-credit
policy

With the production and sales of NEVs exceeding 330,000, China has
become the world’s largest market.

(2) The management measures for CAFC (draft) was issued
2016 (1) The MIIT announced the first round draft of the dual-credit policy Some countries and automakers have put forward requests for

lowering the credit assessment standard and delaying implementation(2) The Chinese government notified the WTO of the dual-credit
policy

Implementation
period

2017 The MIIT officially promulgated the dual-credit policy In order to respond to the credit assessment, foreign automakers have
begun to establish NEV joint ventures

2018 The MIIT provides automakers with a one-year buffer period to
calculate credits but does not require compliance assessment (it was
originally required to reach 8% in 2018)

CAFC drops to 5.8 L/100 km, and the ratio of NEV+ is as high as 17%,
far exceeding the 8% set value

2019 The assessment standard is adjusted to be 14, 16, and 18% of NEV+

in 2021–2023. Compared with 2017, the calculation methods of
NEVC and CAFCC have also undergone many changes

(1) The product structure of automakers has been significantly
adjusted
(2) The top ten NEV+ are all Chinese-independent brand automakers
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regulation of the mandatory proportion of NEV+, large-scale
automakers have a large output of traditional auto and
require a large number of NEV+, which will make it
difficult for CAFC+ to meet the target. The adjustment
speed of large-scale automakers is relatively slow, and the
effect of the dual-credit policy is slightly insignificant. The
Didit increases visibly after adding a quadratic term of scale,
up by 13.65% (p < 0.1) in the R&D scale and 0.1% (p < 0.1) in
R&D intensity, showing positive correlations to them. This
suggests that a positive U-shaped relation has emerged
between R&D investment and the enterprise scale. As for
possible grounds, on the one hand, samples are listed
companies with large scale, and the overall relationship
between the enterprise scale and R&D investment tends to
be U-shaped; on the other hand, there are differences in the
innovation strategies of automakers, that is, smaller ones
focus on key technology, while larger automakers pursue
generic technology, no matter what kind of innovation
strategy requires automakers to expand R&D investment.
Empirical results verify the H2a, H2b, and H2c in H2
hypothesis.

Phased Characteristics
The self-interested strategic responses of different automakers
will cause differences in the significance and stability of the policy
effects (Wang et al., 2017; Li and Xiong, 2021). Therefore, in order
to better provide empirical evidences for policy optimization, we
divided the dual-credit policy into the brewing period
(2014–2016) and the implementation period (2017–2019), and
explored its phased effects.

During the brewing period, the dual-credit policy has a
significant and stable effect on the R&D scale, and it has a

stable effect on the R&D intensity and the capitalization ratio.
Table 5 and Figure 4 demonstrate that compared to the brewing
period ago, the Didit of the R&D scale and intensity are both
greater than 0; the R&D scale grows without a lag period, and the
R&D intensity lags by two periods. With higher R2 values, the
model has good fit. It shows that the reform signal of the dual-
credit policy has indeed significantly promoted the expansion of
R&D investment made by automakers and has the most obvious
effect on the R&D scale. There has been no significant change in
the capitalization ratio and so as the R&D staff ratio. The reasons
may be that the adjustment of the capitalization ratio is relatively
slow, or the automakers are still waiting for the revision of the
dual-credit policy.

With the release of policy signals, the average growth rates of
the R&D scale, intensity, and the capitalization ratio were 15.87,
1.36, and 0.17%, respectively. The Didit of the R&D scale and
intensity is relatively stable and that of the R&D staff ratio is
unstable. It shows that the policy signal release mechanism can
indeed stabilize the expectations of PV makers and encourage
automakers to make arrangements in advance. However, the
changes in the R&D structure are not significant, which may
be related to the fact that the effects of the dual-credit policy need
time to accumulate before it becomes apparent.

During the implementation period, the dual-credit policy has a
significant and stable effect on the R&D scale, intensity, and the
capitalization ratio. Table 5 and Figure 4 show that the Didit is
significant in all dimensions at the 10% level; amongwhich, the R&D
scale and the capitalization ratio increased by 8.14 and 2.67%,
respectively, annually, significantly higher than those of the
brewing period. It demonstrates that with the formal
implementation of the dual-credit policy and the approaching of
the credit assessment date, the pressure and motivation of PV

TABLE 2 | Basic information on the research samples(stock code).

T-group: PV makers C-group: CV makers

BYD (002,594); DongfengMotor (600,006); FotonMotor (600,166); GAC group (601,238); HaimaMotor (000,572); JAC
Motor (600,418); Lifan Motor. (601,777); SAIC Group (600,104); FAW sedan (000,800); Chang’an Motor (000,625);
Chang chen Motor (601,633); Jiang ling Automobile (000,550); Zhong tai Automobile (000,980); Geely Automobile
(00,175)

Anhui Ankai Automobile Co. Ltd. (000,868)
Xiamen King Long Motor Group Co. Ltd. (600,686)
Yangzhou Yaxing Motor Coach Co. Ltd. (600,213)
Zhengzhou Yutong Bus Co. Ltd. (600,066)
Zhongtong Bus Holding Co. Ltd. (000,957)

TABLE 3 | Variables and index selections.

Variable type Variable name Variable description and calculation method

Explained variables R&D scale (Current period) R&D investment (natural logarithm)
R&D intensity (Current period) R&D investment/(current period) revenues capitalized R&D investment/R&D investment
R&D structure R&D staff/all staff

Explain variable Didit A cross-term between sample groups and evaluation time; i � 0 for commercial vehicles; i � 1 for passenger vehicles; t � 0 for
before the dual-credit policy effect; t � 1 for after the dual-credit policy effect

Moderating variables Enterprise scale Ending total assets (natural logarithm)
Profitability Return on equity (last period)
Market orientation 1 for passenger vehicles; 0 for commercial vehicles

Control variables Subs Government subsidies/revenues (last period)
Tax preference (Taxes payments—refunds of taxes)/revenues (last period)
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makers’ technology research and development are further enhanced.
Under the dual-roles of compulsion and incentive, the PV makers’
R&D investment growth and the R&D structure adjustment are
more obvious. Compared with 2018, the Didit of the R&D scale and
the capitalization ratio in 2019 increased by 24.22 and 7.37%,
respectively. Although the Didit of the R&D staff ratio is less than
0, the growth trend has already appeared. In summary, compared
with the brewing period, the policy effects of all dimensions of R&D
investment have increased to a certain extent, and the development
trend is relatively clear. This manifests that with the gradual
strengthening of policy signals and the approaching of credit
assessment, the dual-credit policy has become more stable in
promoting the expansion of R&D investment.

CONCLUSION AND POLICY
IMPLICATIONS

Conclusion
We regard China’ dual-credit policy as a quasi-natural experiment
using the DID model to divide Chinese automakers into an
experimental group and a control group, and analyzed the phased
impacts on the scale, intensity, and the structure of R&D in the
brewing period and the implementation period.

We have reached somemain conclusions about the dual-credit
policy. First, the policy has encouraged automakers to expand the
R&D scale and intensity, and promoted the adjustment of the
R&D investment structure to “valuing capital more than talents.”
It indicates that automakers have begun to actively respond after
the release of policy signals. These conclusions are different from
the “negative” behaviors of some automakers under the ZEVM,
such as delaying the implementation of policies through litigation
and political lobbying, or demanding to reduce the credit
assessment criteria (Collantes and Sperling, 2008). Second, the
heterogeneity of automakers’ scale, profitability, and market
orientation has obvious moderating effects on policy effects.
This is partly consistent with the research conclusion of Xiong
et al. (2018). There is a U-shaped relationship between the
enterprise scale and the R&D investment, which is
inconsistent with the inverted U-shaped relationship theory of
modern enterprise R&D tendency (Hu and Li, 2014). This shows
that big automakers and small ones have their own advantages in
promoting R&D innovation. Third, the effect of China’s dual-
credit policy has phase characteristics. During the brewing
period, the dual-credit policy has a significant and stable effect
on the R&D scale, R&D intensity, and the capitalization ratio.
During the implementation period, the dual-credit policy has a
significant and stable effect on the R&D scale, intensity, and the
capitalization ratio. The policy effects of various dimensions of
the R&D investment show shock adjustments, but the trend of
change is basically determined.

Policy Implications
Our research provides important management insights and
policy implications as shown below.

Policy-makers in China: 1) Policy-makers need 2consider
promoting the transition from accounting to compensation forT
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credit assessment. It has been concluded that the dual-credit
policy has significantly promoted the R&D investment of
automakers. In order to strengthen the effect of the policy, it
is possible to further force automakers to expand R&D
investment through the implementation of the credit
compensation rules. At the same time, it is necessary to
improve the credit trading platform and management system.
2) Policy-makers need to consider adjusting the calculation rules
of credits and the scope of assessment objects. It has been
concluded that automaker heterogeneity has a significant
moderating effect on policy effects. In order to have a wider
coverage of the policy effects, more automakers need to be
included in the assessment scope. At the same time, taking
into account the diversity of NEVs, it is necessary to
implement classified guidance and key management for
different automakers through flexible credit accounting rules.

Other emerging markets: The dual-credit policy provides
important references and practical value to emerging markets
facing the same problems. Combined with our conclusions,
emerging markets can consider implementing the credit policy
in phases, releasing signals to automakers during the brewing
period, guiding them to make arrangements in advance, changing
from passive compliance to proactiveness, and creating a good
industrial foundation for the realization of policy goals during the
implementation period.

Future studies: In the future, our research may be further
optimized, such as analyzing the difference in the effects on
conventional automakers and NEV automakers, which will

facilitate more precise policy implementation. In addition, we also
need to consider the impact of the revision itself on the effect of the
dual-credit policy, which will make the model more complex and
bring challenges to the optimization solution. The corresponding
research results will help to optimize the dual-credit policy. Finally,
some global uncertainties such as the COVID-19 will bring a lot of
impacts to our research topics. The income and profits of some
automakers may have significantly decreased, and the
supply–demand ratio of credits will be tightened in 2021, which
will affect the stability and continuity of R&D investment. We also
need to consider to control these structural breakpoints or exogenous
shocks in the empirical model.
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TABLE 5 | Results of the characteristics of the dual-credit policy effect in different periods.

Brewing period Implementation period

2013/2014 2013/2015 2013/2016 2013/2017 2013/2018 2013/2019

R&D scale 1,592* (0.438) 1,581* (0.426) 1,588* (0.516) 1,751* (0.459) 1,609* (0.540) 4,031* (0.3997)
Within-R2 0.947 0.943 0.907 0.905 0.923 0.6354
R&D intensity 0151 (0.012) 0131 (0.012) 0127* (0.013) 0046* (0.013) 0313* (0.023) 0131* (0.0067)
Within-R2 0.456 0.314 0.295 0.288 0.330 0.6066
CRD/RD 0032 (0.0160) 0023 (0.0115) −0.0005 (0.0085) 0014 (0.0062) 0103* (0.0055) 0840* (0.0076)
Within-R2 0.617 0.619 0.544 0.569 0.632 0.6563
RDS/AS −0.0288 (0.045) 0042* (0.040) −0.0235* (0.043) −0.0125* (0.043) −0.0133* (0.055) −0.0054 (0.0285)
Within-R2 0.236 0.423 0.422 0.452 0.635 0.680

FIGURE 4 | A trend chart of the dual-credit policy effect in different periods.
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