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Climate risk to human survival and progress can no longer be disregarded, nor can
the reduction of carbon emissions be postponed. How can economic progress
and carbon emission reduction be reconciled? This research studied the
relationship between managerial skill and carbon emission performance. We
used the Shanghai and Shenzhen A-shares data of Chinese heavy polluters
from 2014 to 2019 to assess the impact of managerial competency on
business carbon emission performance using a temporal and individual fixed
effects model. We discovered that management competency can greatly
contribute to the enhancement of carbon emission performance inside
corporations. The stepwise regression technique was then utilized to examine
the mediating influence of financing limitations and financial status. This study
validated the threshold effect of internal pay equity among corporate managers
using a threshold regression model.
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1 Introduction

The average global temperature has grown by 1.1°C since the beginning of the industrial
revolution. And the temperature of the Earth continues to rise. Environmental pollution
poses a grave threat to human existence and progress, according to the Intergovernmental
Panel on Climate Change (IPCC), which forecasts that the Earth’s temperature will rise by
1.5°C by 2052 compared to pre-industrial revolution levels (Ginglinger and Moreau, 2019).
The EU was one of the early organisations to focus on the issue, and they launched a series of
early programmes to promote the transformation of the industry (Streimikiene et al., 2022).
As the largest emitter of carbon in the world and a responsible power, China has been
actively involved in carbon reduction. At the 75th session of the United Nations General
Assembly, President Xi Jinping established a target for China to reach “peak carbon” by
2030 and “carbon neutrality” by 2060. The Fifth Plenary Session of the 19th Central
Committee of the Communist Party of China advocated for speeding green and low-carbon
development, and the 20th National Congress of the Communist Party of China proposed
once again to pursue “carbon peaking” and “carbon neutrality” aggressively. Carbon
emissions are primarily caused by carbon dioxide emitted during human production and
daily life, and are intimately tied to economic growth.While establishing the goals of “carbon
peaking” and “carbon neutrality,” we should not suffocate on them and consider economic
growth. Carbon reduction requires the involvement of all aspects of society (Stankuniene
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et al., 2020). As the core of the economy, firms are responsible for
achieving the “carbon peaking” and “carbon neutrality” goals
through lowering emissions at their source. The coordination of
economic development and carbon emission reduction is consistent
with the national goal of sustainable development and plays a crucial
role in the green transformation of businesses.

The Chinese government and official organizations have
initiated a series of environmental protection measures. The
Chinese government issued the Announcement on Corporate
Environmental Information Disclosure in 2003 to encourage
corporations to disclose environmental information voluntarily.
And in 2012, the CBRC issued the Green Credit Guidelines,
urging financial institutions to strengthen credit management of
corporate pollution and requiring lending companies to strengthen
environmental information disclosure. To promote the green
development of the financial system, the Bank of China, the
Ministry of Finance, and other departments issued the
“Guidelines for Building a Green Financial System” in 2016. In
2016, the Industrial and Commercial Bank of China led the way in
conducting environmental risk stress tests based on the thermal
power and cement industries, followed by the Bank of China, China
Construction Bank, and additional financial institutions. In 2021,
Bank of China became an official TCFD supporting institution.

Concerning the calculation of carbon emission performance,
neoclassical economic theory employs SBM-DEA to calculate total
factor productivity from the perspective of supply and output, with
total factor productivity becoming an increasingly significant
indicator of economic development (Young, 1995). To
compensate and repair the ecological damage caused by
environmental pollution, however, a certain level of capital and
human input is required; therefore, total factor productivity without
environmental pollution consideration would overestimate the level
of economic development (Xiao-yu and Zi-xuan, 2022). Green total
factor productivity is a more precise indicator of production
efficiency. Later, Afsharian and Ahn, 2015 subdivided pollutants
into carbon dioxide emissions and utilized this information to
calculate the carbon performance of companies.

However, for calculation and data collection purposes,
academics typically base their calculations on regions and
rarely consider microeconomic enterprises. Based on a country-
level analysis of 88 economic agents from 1975 to 2013, Bai et al.
(2019) determined that developed countries have significantly
higher carbon emission performance than developing countries.
Li and Wang (2019) conducted an empirical study utilizing
regional data and discovered that the carbon emission
performance of cities in central and western China grew more
slowly than that of developed eastern coastal provinces and cities.
In contrast, Dong et al. (2018) conducted an empirical study from
1992 to 2012 using data from China’s construction industry and
other industries to identify industries with relatively low carbon
emission intensity. Ioanna et al. (2022) also base their projections
on national and regional levels. Due to the limitations of carbon
emission detection technology, measuring the carbon emissions of
businesses is indeed challenging. However, abandoning the
research would result in a dearth of microeconomic agent-level
literature. More reasonable measurement methods can help
government departments to introduce adaptive policies and the
business sector to choose viable development strategies (Sebos

et al., 2020). Therefore, this study will examine the carbon
emission performance of individual businesses from the
perspective of microeconomic agents. What factors affect the
performance of carbon? The process of economic development
generates carbon emissions invariably, but once the economy
reaches a certain size, both society and the individual economy
have the motivation and capacity to reduce carbon emissions
(Zhao et al., 2020). Even more literature exists on the effect of
technological innovation on carbon emission performance.
Technological innovation can enhance a company’s carbon
performance by transforming its carbon assets (Liu et al.,
2023). Technological innovation can improve the efficiency of
energy use to reduce carbon emissions from the demand side in
terms of energy consumption (Xu et al., 2021). On the output side,
technological innovation can reduce carbon emissions and
increase profits (Gu and Su, 2018). Current research on the
economic repercussions of managers focuses on corporate
finance, investment and financing, and the quality of corporate
accounting data. Strong managers typically have a clear
understanding of the company’s financial situation and can
avoid tax risks to some extent (Koester et al., 2017). With
information asymmetry, managers may also engage in surplus
management for private gain, resulting in degraded accounting
information for the company (Call et al., 2014). Managers with
strong competencies also integrate the company’s resources
effectively, mitigating underinvestment caused by information
asymmetry (Chen S. et al., 2021). However, how does
managerial competence affect a company’s carbon
performance? There is an absence of pertinent research. This
study will investigate the impact of managerial capability on the
carbon performance of firms, as well as the transmission
mechanism in terms of the degree of external financing
constraints and the internal financial position of firms.

The first part is an introduction. The second part is a literature
review. The third part introduces the theory used in this paper and
formulates the hypothesis, while the research design is then based on
the research hypothesis. The fourth part is the empirical analysis.
Part V is further research. The sixth part is the conclusion.

Due to the requirements of the DEA calculation method for
balanced panel data and the lack of certain data in the China
Statistical Yearbook, the sample for this study was comprised of
Chinese Shanghai and Shenzhen A-share heavy polluters from
2014 to 2019. After testing, we employed individual and time
dual fixed effects models to examine the association between
manager competency and carbon emission performance. The
transmission pathway between the degree of external financing
constraints and the internal financial position of firms was then
validated using a series of tests. The incentive effect of internal pay
equity was finally examined using threshold regression.

The following are the marginal contributions of this study: 1)
this study proposed a method to measure corporate carbon
performance based on prior research; 2) this study is the first to
examine the role of corporate managers’ ability on carbon
performance, thereby enriching the literature on carbon
performance; and 3) this study took the degree of external
financing constraints and internal financial status as the
transmission path, thereby expanding the scholars’ understanding
of the carbon emission performance transmission mechanism.
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2 Review of the literature

2.1 Measurements of carbon performance
and influencing factors

2.1.1 Measurement of carbon emission
performance

When measuring relative efficiency using multiple inputs and
multiple outputs, scholars mostly use data envelopment analysis
(DEA). Traditional DEA models include CCR and BBC models,
which are measured from both radial and angular directions (Chen
W. et al., 2021). Tone and Sahoo (2004) conducted data
envelopment analysis from non-radial and non-angular directions
and proposed SBMmodel, which takes into account the variation of
the relaxation degree. As for the application to carbon emission
performance, Zhou et al. (2012) defined carbon emission
performance as the ratio of potential carbon emission intensity to
actual carbon emission intensity. And Zhang and Choi, 2013
considered CO2 as a non-desired output and used the non-radial
Malmquist index to calculate carbon emission efficiency. While the
Malmquist index cannot have intersection with the production
Frontier surface along the direction of the direction vector in
period t+1, the problem of infeasible solution appears. Pastor and
Lovell (2005) proposed Global Malmquist to solve it. In this study,
the SBM-DDF model is used to calculate the carbon performance of
a firm by combining the Global Malmquist index, where labor,
capital and energy are considered as inputs and operating income
and CO2 emissions are considered as outputs.

2.1.2 Factors influencing carbon performance
What factors affect the performance of carbon? Innovation in

technology is one of them. Technological innovation can help firms
increase their productivity (Wang et al., 2021; Desalegn and Tangl,
2022; Li J. et al., 2022), and when firms have more advanced
technology, they can often obtain higher returns with fewer
inputs of production materials, thereby increasing the output
desired by their business activities (Sun et al., 2021). As for green
technology innovation, green technology innovation requires more
investment on the short term (Acemoglu et al., 2012). By utilizing
clean energy and green innovation technologies, businesses can
optimize their energy mix and reduce carbon emissions at the
source (Liu et al., 2022a; Yang and Nie, 2022). Even if firms
continue to use non-clean energy after the introduction of green
technology, the energy use efficiency is improved, which indirectly
reduces the firm’s carbon emissions (Liu et al., 2022b), thereby
reducing the undesirable output of the firm’s production activities.
Secondly, the economic situation. The unstable financial situation of
businesses will cause panic among stock market investors, and the
cost of using capital will rise as a result of the “financial accelerator”
resulting in a vicious cycle of increasing external financing
constraints and escalating financial difficulties (Candian and
Dmitriev, 2020). As a result, firms’ business decisions may
change, and they may become “short-sighted” in selecting
projects with high short-term returns in order to signal good
business on the capital market (Chiarini et al., 2022; Nicolas,
2022). As for technological innovation, it is difficult to have
positive feedback on short-term financial performance (Acemoglu
et al., 2012), and even if it is in line with sustainable development and

can contribute to the achievement of the “carbon peaking” and
“carbon neutrality” goals, companies will to some extent ignore it in
their actual operations. Therefore, the financial market can be
expanded to improve the financial situation of businesses in
order to promote innovation in green technology (Liu et al.,
2022c). Third, the regional situation. If there are a large number
of “zombie enterprises” in the economic environment surrounding
enterprises that rely on debt to continue operations, their carbon
emission performance may be affected. Because the “pool of capital”
is limited, “zombie enterprises” occupy an excessive amount of
capital in the financial market for an extended period of time,
but their output is less efficient, which can “crowd out” the
financial market (Du and Li, 2019). Businesses that could have
used these funds for technological innovation would have missed
out on the chance to reduce their carbon emissions. Fourthly, the
government’s policy guidance will affect businesses’ carbon
performance. Improving the carbon performance of businesses
will affect their pursuit of benefits in the short term, but the
production and operation of businesses must be subject to the
rules of society, and businesses must obtain “legitimacy” by
complying with mandatory rules (Chen et al., 2022). After the
government enacts relevant laws and regulations, enterprises will
actively pay for the policy and regulations in order to gain social
reputation in order to adhere to the law. As is the case with the
pursuit of carbon performance, the purpose of businesses is to obtain
profits. However, because the negative effects of pollution are
socially shared, businesses could have ignored the carbon
emission situation. However, under the pressure of stakeholders
and government concern, businesses will focus on their own social
ethical situation and assume a degree of social responsibility by
reducing carbon emissions (Luo and Tang, 2021).

2.2 Managerial competence and carbon
emission performance

The role of managers in the production and operation of
businesses is not “homogeneous,” but rather varies based on the
internal and external environments in which they operate. So that
various managers make varied decisions (Kathuria and Porth, 2003).
Due to the bias of managers’ personal interests and external capital
market pressures, firms may become myopic from the perspective of
technological innovation (Mishra et al., 2022). In other words,
technological innovation with a lengthy payback period is not
favored by firms that are overly risk-averse. However, competent
managers also have a tendency to be forward-looking and immune
to short-term vested interests (del Mar Alonso-Almeida et al., 2017).
In order to achieve a balance between the company’s current
performance and its sustainable development. They recognize the
impact of advanced technology on the enterprise’s overall growth
over time. Therefore, in the context of “dual carbon,” capable
managers will choose to support carbon reduction while ensuring
the enterprise’s smooth operation in the current period. In terms of
corporate capital flow, managers with strong capabilities are
frequently able to integrate the available or potential resources in
an efficient manner (Yakob, 2020). These businesses are frequently
better able to respond to threats, seize opportunities, and maintain
sufficient cash flow to ensure their survival and growth. Indicating
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that the company has prospects, managers who respond effectively
to threats and opportunities can also give the capital market a
“cardiac stimulant.” Thus relieving the company of its financial
constraints (Freel et al., 2014.; Park and Ryu, 2022). From an active
social responsibility perspective. Under China’s “carbon peaking”
and “carbon neutrality” objectives, improving the carbon
performance of enterprises is a requirement of the Chinese
government, a requirement of the enterprises’ stakeholders, and
the enterprises’ own responsibility. If businesses take responsibility
for reducing carbon emissions, they can obtain political resources
like tax incentives (Lin, 2021). And build a positive corporate image
so that they can obtain more benefits in the future from their
stakeholders (Godos-Díez et al., 2011). In contrast, corporate
managers with only operational rights may also prioritize social
responsibility in their business decisions for the purpose of
enhancing their personal image and social standing
(Galaskiewicz, 1997). That is, utilizing their talents to assist
businesses in enhancing their carbon performance and societal
standing.

3 Hypothesis and research design

3.1 Theoretical analysis and research
hypothesis

Figure 1 is a mechanistic transmission diagram of the impact of
managerial competencies on corporate carbon performance.

3.1.1 Managerial competence and carbon emission
performance

After the separation of the two powers, the owners of the
company hire individuals with specific competencies to serve as
managers, and these managers assume operational control. Upper
Echelons Theory posits that managers’ knowledge of the market is
necessarily limited due to the environment’s complexity, and the
decisions they make at this time will vary depending on the manager
(Hambrick and Mason, 1984). This study categorizes outputs into
desired and undesirable outputs when measuring carbon
performance, allowing the effect of managerial competence on a
company’s carbon performance to be studied separately for these
two aspects. Greater managerial competence contributes positively

to a company’s operating income (Herrmann et al., 2003). Managers
with strong competencies can integrate the necessary resources for
the company’s growth in a more timely manner. They are able to
capitalize on potential opportunities and avoid potential threats
within the organization. Regarding the reduction of carbon
emissions, managers are also conscious of the problems caused
by their own production and emissions (Esmaeilifar et al., 2020).
Capable managers are aware of the damage to the company’s
reputation and other aspects of the temporary carbon emission
issue. They will be able to balance the investment in carbon emission
reduction with the company’s normal production growth.
Therefore, we propose the first hypothesis.

H1:Other things being equal, goodmanagerial competence can help
firms improve their carbon performance.

3.1.2 The mediating role of external financing
constraints and firms’ financial performance

With the widespread danger of global warming and the political
orientation of “carbon peaking” and “carbon neutrality,” the concept
of carbon reduction is deeply ingrained in people’s minds, and
according to the expectation theory, businesses have sufficient
motivation to take social responsibility (Tsai et al., 2016). Even if
they have the desire to be socially responsible, they must consider
their actual capabilities. In the short term, firms that invest in carbon
reduction activities do not experience immediate revenue growth,
putting pressure on their cash flow and posing a threat to their
survival (Tsai, 2008). Effective management skills can signal the
market and inspire investor confidence to alleviate external
financing constraints (Peng et al., 2022). And business managers
who run their companies more effectively will also benefit from a
stronger financial position. Generally, organizations with greater
cash flow achieve superior operating results. A sufficient cash flow
can assist businesses in weathering unforeseeable crises. In the event
of opportunities, adequate cash flow enables businesses to make the
necessary production adjustments in a shorter period of time (So
and Zhang, 2022). With sufficient cash flow, businesses can make
decisions with lower short-term returns but long-term benefits for
society and the business, and they can increase their cash
investments in projects that contribute to “carbon reduction”
with confidence (Safiullah et al., 2021). The following hypothesis
is therefore proposed.

FIGURE 1
Mechanism conduction diagram.
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H2a:All else being equal, good managerial capacity can enhance the
carbon performance of firms by alleviating the degree of external
financing constraints.

H2b: bOther things being equal, good managerial competencies can
enhance firms to improve their carbon performance by improving
their internal financial position.

3.1.3 Threshold effect of key managers’
compensation

Being involved in social responsibility and assisting other
businesses in enhancing their carbon performance has a
significant impact on the company’s reputation. However, it may
not be particularly beneficial for the managers themselves. Especially
when the manager has no strong ties to the company, the owner’s
ability to rehire the manager frequently depends on the profitability
of the company. Currently, the manager will prioritize the
company’s earnings. Regarding the company’s reputation,
managers may not be concerned. Optimal Salary Contract
Theory posits that an increase in managerial compensation can
enhance the manager’s sense of belonging to the organization, and
that higher compensation can increase the manager’s commitment
to assisting the organization in making decisions (Stevens and
Thevaranjan, 2010). However, the company’s resources are
limited, so their allocation should be based on the contributions
of each manager. When individuals make decisions, the contractual
reference effect considers the impact of the difference between actual
profit and loss and expected value (Kahneman, 1979). According to
the Pareto principle, corporate decisions are frequently made by a
small number of managers, and if they are distributed equally,
regardless of each manager’s contribution, it will result in the
inefficiency of key managers (Carnahan, 1979). We therefore
proposed the third hypothesis.

H3: All other things being equal, the higher the proportion of key
managers’ compensation, the more significant the effect of
managers’ competence on corporate carbon performance

3.2 Research design

We have included at the end of the text a brief explanation of the
variables that appear in the article, with the range of values for the
variables shown in the descriptive statistics in 4.1.

3.2.1 Data selection
This study utilizes data from 2014 to 2019 for Chinese heavy

polluters listed on Shanghai and Shenzhen A-shares. Because using
the SBM-DDF model in conjunction with the GML index
necessitates balancing the panel data, which will result in a
substantial loss of samples, the sample interval for this study is
2014–2019. Matlab 2020 was used to calculate the carbon emission
performance from 2015 to 2019, after which pertinent financial data
from the China Economic and Financial Research Database were
selected (CSMAR). As for heavy polluters, China’s State
Environmental Protection Administration proposed 13 categories
of heavy polluting industries in 2003. While there have been some
changes to China’s industry classification standards since then, the

following industry codes will be considered heavy polluters: B6, B7,
B8, B9, B10, B11, C15, C17, C18, C19, C22, C25, C26, C27, C28, C29,
C30, C31, C32, and D44.

China Stock Market & Accounting Research Database
(CSMAR), China Statistical Yearbook, and China Environmental
Statistical Yearbook provided the data for this study. In addition,
some indicators were manually compiled and calculated using
EXCEL 2021, Matlab 2020, and Stata17, and data analysis was
conducted using Stata17. The information was analyzed using
Stata17. In addition, we performed a 10% winsorization to
mitigate the impact of extreme values.

3.2.2 Variable selection
Please see Table 1 for the main variables used in this paper.

3.2.2.1 Explained variables
Utilizing labor, stock capital, and energy consumption as input

variables and regional GDP and pollution levels as output variables,
scholars measure carbon emission performance at the province or
city level (Liu et al., 2021). Fewer scholars assess firm-level carbon
emission performance. This study utilizes Wang et al. (2021) to
measure carbon emission efficiency. 1) The number of employees at
the end of the year is utilized as the labor input variable. 2) The firm’s
fixed asset stock is taken as the capital input variable, and the
calculation formula is Kt � (1 − δ)Kt−1 + It

Pt
. Where Kt denotes the

capital stock in period t; It denotes the new fixed assets in period t,;
Pt is the price index of fixed asset investment in the province. 3)
After converting the enterprise’s energy consumption into standard
coal as the energy input variable, the enterprise’s energy
consumption is multiplied by the industry’s energy consumption
using the ratio of the enterprise’s operating cost to the industry’s
operating cost as the coefficient. 4) Consider the enterprise’s income
as the expected output. 5) The pollution produced by the enterprise
as unanticipated output, using the same method as the enterprise’s
energy measurement. Combined with GML and the SBM-DDF
model to evaluate the enterprise’s carbon emission performance.

3.2.2.2 Explanatory variables
There are some discrepancies between the financial statement

requirements in China and international standards, which may
cause some difficulties in the calculation of managerial
competency indicators. We improved the managerial competency
measure proposed by Demerjian et al. (2012) in the context of
Chinese reality. Firstly, sales revenue (Sales ) as the output variable,
and the main operating cost (CoGS ), selling expenses and
administrative expenses (SG&A ), fixed assets (PPE ), net
intangible assets (Intan ), R&D expenditures (R&D ) and
goodwill (Googwill ) as input variables. Then the productivity of
the firm is measured by data envelopment analysis (DEA).

MAX θ( )
� Sales

v1CoGS + v2SG&A + v3PPE + v4OpsLease + v5Intan + v6Googwill

(1)

The Tobit model is also used to regress measured firm
productivity on firm size, market share, free cash flow, years on
the market, and business complexity to obtain residuals as an
indicator of firm managerial competency, with larger residuals
indicating greater managerial competency. In order to reduce the

Frontiers in Energy Research frontiersin.org05

Zhao and Wang 10.3389/fenrg.2023.1130339

https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2023.1130339


impact of firm-level factors such as firm size on the measurement of
managerial capability, we also control for industry and year fixed
effects. Individual and annual clustering effects are also used to
control for cross-sectional and temporal correlations.

θ � α + β1Size + β2Marketshare + β3FCF + β4Age + β5 HHI + ε
(2)

3.2.2.3 Control variables
Tomitigate potential endogeneity issues associated with omitted

variables, this study included firm size, firm age, and cash flow status
as financial control variables. Additionally, we include equity

concentration, board size, and institutional shareholding, which
are control variables for corporate governance characteristics.

3.2.3 Model construction
For hypothesis 1, this study constructs the following model. If β1

is significant as positive, it means that stronger managerial
competencies can significantly contribute to the carbon
performance of firms.

CPi,t � α + β1MEi,t + control +∑firm +∑year + εi,t (3)

For hypothesis 2, this study uses a stepwise test to examine the
mediating role of the degree of external financing constraints and the
firm’s own financial position.

KZi,t � α + β1MEi,t + control +∑firm +∑year + εi,t (4)
CPi,t � α + β1KZi,t + β2MEi,t + control +∑firm +∑year + εi,t

(5)
OScorei,t � α + β1MEi,t + control +∑firm +∑year + εi,t (6)
CPi,t � α + β1OScorei,t + β2MEi,t + control +∑firm +∑year

+ εi,t

(7)

4 Empirical study

4.1 Descriptive statistics

The descriptive statistics for this study are shown in Table 2.
Carbon performance (CP) has a mean value of 1.143 and a median
value of 1.080, which is less than the mean. Indicating that a small
number of companies with high carbon performance account for the
majority of the data. CP has a minimum value of 0.409 and a

TABLE 1 Variable definitions.

Symbols Definition Measurements

Explained variables CP Carbon performance of companies See previous article, using the SBM-DDF model combined with the GML index measure

Explanatory
variables

ME Managerial competencies Measured using DEA-Tobit method

Intermediate
variables

KZ Degree of external financing
constraints

KZ Index

OScore Internal Financial Position Drawing on Ohlson’s (1980) model of financial distress

Threshold variables SG3 Key management compensation The proportion of the top three corporate managers’ compensation in the total compensation of
corporate executives

Control variables size Enterprise size Natural logarithm of business assets

age Business Age Time since the establishment of the company

cash Cash Flow Position Cash flow from operating activities/total assets

top1 Shareholding Concentration Shareholding ratio of major shareholders

board Board Size Natural logarithm of the number of board members

stock Institutional shareholding ratio Shareholding of institutional investors

TABLE 2 Descriptive statistics.

Variable N SD Mean Min p50 Max

CP 3,625 0.433 1.143 0.409 1.080 3.932

CPR 3,625 0.529 1.154 0.297 1.070 4.002

ME 3,625 0.219 −0.024 −0.800 −0.003 0.590

KZ 3,625 1.943 1.152 −4.721 1.299 6.573

OScore 3,625 2.431 −8.761 −17.606 −8.573 −2.476

SG3 3,625 0.138 0.476 0.232 0.458 0.913

size 3,625 1.311 22.572 19.684 22.386 26.315

age 3,625 6.242 14.328 3.710 14.833 26.080

cash 3,625 0.260 −0.032 −0.900 −0.009 0.937

top1 3,625 0.151 0.348 0.000 0.327 0.750

board 3,625 0.200 2.148 1.610 2.197 2.708

stock 3,625 0.234 0.464 0.008 0.489 0.922
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maximum value of 3.932, despite a standard deviation of 0.433. The
mean and average values of ME are both less than 0, indicating that
these companies need to improve their managerial capacity.
Consistent with Campbell et al.’s research, there is a great deal of
variation in the financing constraints faced by various businesses
(2021). The descriptive statistics of the financial situation illustrate
the substantial disparities between the financial situations of various
businesses.

4.2 Correlation analysis

In this study, correlation tests were conducted on the relevant
variables, and the results are shown in Table 3. A significant positive
correlation exists between managerial competence (ME) and corporate
carbon performance (CP), and hypothesis H1was initially tested. Table 2
demonstrates that managerial competence (ME) is significantly and
negatively related to firms’ external financing constraints (KZ) and
internal financial position (OScore), and that the latter is significantly
and negatively related to firms’ carbon performance (CP). Hypothesis
H2a and hypothesis H2b are initially tested.

The results of the variance inflation factor test are displayed in
Table 4 of this study. Each of the swelling factors is below 10. At first, it

is determined that there is no covariance issue. The Hausman test was
followed by the use of individual and time fixed effects, which can
mitigate the endogeneity issue caused by the difference between groups.

4.3 Benchmark regression

Table 5 presents the baseline regression test for hypothesis H1 in
this study. The coefficient of the effect of managerial competence
(ME) on firm’s carbon performance (CP) is 0.583, which is
significant at the 1% level, according to the results of the test
conducted without the inclusion of control variables, as shown in
column 1). The results of the test including firm size, firm age, and
firm cash flow position, which are financial control variables, are
displayed in column 2. The results of adding equity concentration,
board size, and institutional shareholding, which are control

TABLE 3 Correlation analysis.

CP ME KZ OScore Lev roa Cash top1 Board Stock

CP 1

ME 0.170*** 1

KZ −0.004* −0.090*** 1

OScore −0.035** −0.110*** 0.782*** 1

lev 0.033** 0.164*** −0.018 0.029* 1

roa 0.083*** −0.075*** 0.141*** 0.124*** 0.235*** 1

cash −0.087*** 0.016 −0.022 −0.097*** −0.079*** 0.190*** 1

top1 0.002 0.071*** −0.117*** −0.091*** 0.346*** 0.006 0.005 1

board −0.001 0.054*** 0.002 0.040** 0.304*** 0.158*** 0.031* 0.049*** 1

stock 0.065*** 0.046*** −0.055*** −0.026 0.515*** 0.368*** 0.018 0.505*** 0.235*** 1

TABLE 4 Variance inflation factor.

Variable VIF 1/VIF

stock 1.900 0.526

size 1.530 0.653

top1 1.460 0.685

age 1.310 0.765

board 1.130 0.885

cash 1.060 0.940

ME 1.050 0.956

Mean VIF 1.350

TABLE 5 Benchmark regression.

(1) (2) (3) (4)

CP CP CP CP

ME 0.583*** 0.595*** 0.580*** 0.589***

[0.068] [0.068] [0.068] [0.067]

account no yes no yes

manage no no yes yes

firm yes yes yes yes

year yes yes yes yes

_cons 0.996*** −2.121 0.306 −1.363

[0.013] [1.595] [0.188] [1.425]

N 3,625 3,625 3,625 3,625

adj. R-sq 0.134 0.151 0.151 0.161

Standard errors in brackets.

*p < 0.1, **p < 0.05, ***p < 0.01.

Robustness Tests.
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variables relating to firm management characteristics, are displayed
in column 3. The test results of adding the previously mentioned
control variables are displayed in column 4). The addition of control
variables can mitigate the endogeneity issue caused by variables that
were omitted. According to Table 5, the model’s explanatory power
(adj. R-sq) is enhanced by the addition of control variables, and the
coefficient of the effect of managerial competence (ME) on carbon
performance (CP) ranges between 0.580 and 0.595, all of which are
statistically significant at the 1% level. It indicates that competent
management can assist businesses in enhancing their carbon
performance, thus confirming hypothesis H1.

4.3.1 Endogeneity test
This study employs two-order least squares (2sls) in conjunction

with a GMM dynamic panel model to test the endogeneity of the
benchmark regression results in order to mitigate the endogeneity
issue. As the instrumental variable, the regional mean of managerial
competency (ME) of other companies was chosen (Li, 2016). The
outcomes are shown in column (1) of Table 6. Existence of a
significant positive relationship between the independent and
dependent variables can be observed. The Under identification
test has a p-value of 0. There is no weak instrumental variable, as
the Kleibergen-Paap rk Wald F is 23.375 and the Stock-Yogo 10% is
16.38. Regarding adj. R-sq, it is less than 0 because, in conjunction
with the GMM dynamic panel model employing two-order least
squares (2sls), it does not require much consideration (Sribney et al.,
2005). Passing the test for endogeneity.

4.3.2 Substitution of variables
We defaulted to variable scaled payoffs when calculating carbon

performance (CP). This study replaced the explanatory variables in
the robustness test calculation while maintaining the scale payoffs.

The test results for robustness are displayed in column 2 of Table 6.
At the 1% significance level, managerial ability (ME) remains
significantly and positively associated with firm carbon
performance (CP) after controlling for the explanatory variable.

5 Further Analysis

5.1 The mediating role of financing
constraints and financial position

Table 7 displays the test for the mediating effect. In this study, the
measure of external financing constraints (KZ) is a positive indicator,
meaning that the greater the value of KZ, the more severe the firm’s
financing constraints. Table 7 columns (2) and (3) illustrate the effect of
external financing constraint on mediation (KZ). Stronger managerial
capability can significantly mitigate the external financing constraint
(KZ), while external financing constraint (KZ) partially mediates
the relationship between managerial capability and corporate carbon
performance (column 3) (CP). In this study, the selectedmeasure of the
firm’s internal financial position (OScore) is a negative indicator, i.e., a
higher OScore value indicates that the firm’s financial position has
deteriorated. Table 7’s columns (4) and (5) illustrate the mediating
impact of internal financial position (OScore). A stronger managerial
capability can significantly improve the internal financial position
(OScore), as shown in column 4, while the internal financial
position (OScore) partially mediates the relationship between
managerial capability and corporate carbon performance, as shown
in column 5 (CP). Considering that equity markets around the world
have become cautious in the wake of the financial crisis (Li T. et al.,

TABLE 6 Robustness tests.

(1) (2)

CP CP

ME 1.151** 0.723***

[0.454] [0.075]

Underidentification test 0

Kleibergen-Paap rk Wald F 23.375

Stock-Yogo 10% 16.38

account yes yes

manage yes yes

firm yes yes

year yes yes

_cons −3.313**

[1.497]

N 3,625 3,625

adj. R-sq −0.266 0.126

Standard errors in brackets.

*p < 0.1, **p < 0.05, ***p < 0.01.

TABLE 7 Intermediary effects.

(1) (2) (3) (4) (5)

CP KZ CP OScore CP

KZ −0.012*

[0.007]

OScore −0.024***

[0.008]

ME 0.589*** −0.498*** 0.550*** −1.138*** 0.562***

[0.067] [0.121] [0.068] [0.144] [0.067]

account yes yes yes yes yes

manage yes yes yes yes yes

firm yes yes yes yes yes

year yes yes yes yes yes

_cons −1.363 12.48** −0.622 −3.352 −1.442

[1.425] [6.162] [1.475] [5.947] [1.406]

N 3,625 3,517 3,514 3,625 3,625

adj. R-sq 0.161 0.045 0.152 0.094 0.166

Standard errors in brackets.

*p < 0.1, **p < 0.05, ***p < 0.01.
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2022), firms’ access to capital has been significantly constrained as a
result. Good managerial capabilities can enhance the carbon
performance of firms by alleviating financing constraints and
improving their financial position. The H2a and H2b hypotheses are
supported.

5.2 Threshold Effect

This study utilized a threshold regression with the independent
variable managerial competency (ME) as the threshold variable to
investigate the extent to which an increase in managerial competency
(ME) produces a qualitative change that results in a change in the impact
ofmanagerial competency (ME) on corporate carbon performance (CP).
The tests assuming managerial competence (ME) as the threshold
variable are shown in Rows one through three of Table 8. When
managerial competency (ME) is the threshold variable, the p-value of
the double threshold effect is significant at the 1% level, whereas it is not
significant when a triple threshold effect is assumed. Thus, we concluded
that there is a double threshold effect when the threshold variable is
managerial competency (ME). As for the threshold test with internal
equity in compensation (SG3) as the threshold variable, Table 8 rows
four and five display the results of its threshold test, which indicates that
there is currently a single threshold effect.

The threshold regression test with managerial competence (ME)
as the threshold variable is displayed in column (1) of Table 9.When
it reaches 0.240 and 0.578, the effect of managerial competence (ME)
on the firm’s carbon performance (CP) increases significantly (the
coefficient increases from 0.271 to 0.724 and then to 1.584 after
reaching the second threshold). The threshold regression test with
internal pay equity (SG3) as the threshold variable is displayed in
column (2) of Table 9. It can be seen that once the level of internal
pay equity (SG3) reaches the threshold value, the manager’s bond
with the firm strengthens and the manager’s motivation to improve
the firm’s carbon performance (CP) increases. The H3 hypothesis is
confirmed.

5.3 Discussion

The manager of a firm under separation of powers controls the
production and business decisions of the firm, when managerial
characteristics influence the behaviour of the firm (Benmelech and
Frydman, 2015). Aggressive managers may favour projects with high
risks and benefits when making decisions, while conservative managers
will be more shy of riskier projects. Therefore, managers with strong

competencies tend to be able to improve the carbon performance of
their companies while ensuring smooth operations with an eye on the
long-term development of the company. This hypothesis has been
confirmed by empirical analysis. We empirically analyse the pathways
through which managerial capability affects the carbon performance of
firms. Previous scholars have tended to study the carbon performance
of firms from the perspective of Science and Technology Innovation
(Sun et al., 2021). We consider the impact of financial status on firms’
decisions and conduct hypotheses and empirical analysis from this
perspective. This can expand the path of research on corporate carbon
performance and offer educational opportunities of long-lasting
learning to relevant scholars.

6 Summary, recommendations and
limitations

6.1 Summary

Governments are enacting regulations to combat carbon dioxide
emissions, which contribute to global warming and pose a threat to
human survival and development. This study examined firms as
microeconomic agents to determine their contribution to global
warming. Using a sample of Chinese heavy polluters from Shanghai
and Shenzhen A-shares, this study investigated the impact of
managerial competence on carbon performance and drew the
following conclusions.

(1) Greater managerial competence has a significant impact on
the carbon emission performance of businesses. Managers
with greater competence can ensure the enterprise’s normal
production and operation and increase the desired output -
operating income. And managers with strong capability have
a propensity to be forward-thinking; they can see the harm
that carbon emissions cause to the economy, society, and the
enterprise itself. They are capable of effectively reducing the
undesirable output of the business—carbon emissions.

(2) External financing restrictions and internal financial conditions
serve as a moderating factor. While it is common knowledge
that a company’s reputation can be enhanced by being socially
responsible and reducing carbon emissions, a company cannot
improve its technology and management structure without
sufficient cash flow. In this study, we discovered that
competent management can reduce external financing
constraints and improve internal financial conditions, thereby
improving the carbon performance of businesses.

TABLE 8 Threshold value test.

Threshold RSS MSE Fstat Prob Crit10 Crit5 Crit1

ME Single 0.240 500.518 0.173 15.04 0.010 8.886 10.677 14.64

Double 0.578 503.117 0.174 70.67 0.000 17.871 24.141 37.021

Triple −0.231 499.728 0.173 4.58 0.797 16.902 19.178 28.867

SG3 Single 0.492 786.148 0.272 22.61 0.007 11.845 14.921 20.676

Double 0.510 786.114 0.272 0.12 1.000 13.155 16.285 20.917
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TABLE 9 Threshold effects.

(1) (2)

CP CP

ME < 0.240 0.240 < ME < 0.578 ME > 0.578 SG3<0.492 SG3>0.492

ME 0.271*** 0.724*** 1.584*** 0.419*** 0.873***

[0.046] [0.105] [0.134] [0.061] [0.076]

account yes yes

manage yes yes

firm yes yes

year yes yes

_cons −1.504** −2.892***

[0.673] [0.850]

N 3,625 3,625

adj. R-sq 0.033 0.008

Standard errors in brackets.

*p < 0.1, **p < 0.05, ***p < 0.01.
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(3) A threshold effect exists between managerial competency and
internal pay equity. This study found that when managerial
competency surpasses the threshold twice, it will have a
qualitative effect on the carbon performance of the firm. When
the proportion of key managers’ compensation exceeds the
threshold, the bond between the key managers and the company
strengthens, and managers with greater competence will pay more
attention to the company’s reputation and work more diligently to
improve the company’s carbon emission performance.

6.2 Recommendations

What sort of policies can the government implement to
assist businesses in enhancing their carbon performance? To
expect businesses to forego their economic benefits and assume
their social responsibility to reduce carbon emissions is
unrealistic. To reduce carbon emissions, businesses are
motivated by their social standing and their aversion to risk.
Under the policy guidance, stakeholders will become
increasingly supportive of carbon emission reduction, and
businesses may cater to the needs of their stakeholders to
meet their expectations.

Investors should be aware of the contribution of competent
management to the carbon performance of a company. Competent
managers are able to ensure the company achieves adequate business
results while reducing its carbon footprint. In this way, the
company’s reputation on the capital market is safeguarded, its
market value has the potential to rise steadily, and investors’
interests are safeguarded.

Companies should recognize the importance of key managers
to their operational growth. If conditions permit, the company
should increase the remuneration of key managers in order to
increase the degree of bonding between key managers and the
company and to meet their psychological expectations, so that
managers are more committed to balancing business operations
and carbon reduction.

6.3 Limitations

Due to the fact that the relevant data in the China Statistical
Yearbook are not disclosed after 2020 and the calculation of
carbon emission performance requires balanced panel data, this
study selected enterprises that have been continuously
operating from 2014 to 2019. These businesses have been
continuously operating for at least 6 years and may have

unique characteristics in some aspects of business
management. From this perspective, scholars of future
studies can improve this study.
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Appendix A.

TABLE A1 Variable definitions.

Variable Description

CP Carbon performance of companies, variable default size payoff. Using the SBM-DDF model combined with the GML index measure

CPR Carbon performance of companies, no change in default size payout. Using the SBM-DDFmodel combined with the GML index measure

Number of people employed Number of people employed at the end of the year

Fixed asset stock Stock of fixed assets at the end of the year of the enterprise using the method in section 4.2.1. Unit: ten thousand CNY

Energy consumption Converts the energy consumption of a business into standard coal. Unit: tonnes

Income The total revenue of the enterprise for the year. Unit: ten thousand CNY

Carbon emissions Co2 produced by the enterprise during the year. Unit: tonnes

ME Indicators to measure the capacity of managers. Measured using DEA-Tobit method

Sales Sales revenue from the enterprise’s main business for the year. Unit: CNY

CoGS The enterprise’s main operating costs for the year. Unit: CNY

SG&A Cost of sales and administrative expenses of the enterprise for the year. Unit: CNY

PPE Book value of fixed assets at the end of the year of the enterprise. Unit: CNY

Intan Net book value of intangible assets at the end of the year of the enterprise. Unit: CNY

R&D R&D expenditure invested by the enterprise during the year. Unit: CNY

Goodwill Value of goodwill at the end of the year of the enterprise. Unit: CNY

Size The natural logarithm of the enterprise’s total book assets at the end of the year

Marketshare The percentage of the enterprise’s main business revenue for the year as a percentage of the industry’s revenue for the year

FCF The natural logarithm of the enterprise’s cash flow at the end of the year

Age The time since the business was established. Unit: year

HHI Herfindahl-Hirschman Index, a higher index indicates a more competitive market

KZ Degree of external financing constraints. KZ Index

OScore The internal financial position of the business for the year. Drawing on Ohlson’s (1980) model of financial distress

SG3 The remuneration of key managers of the company as a percentage of the remuneration of all managers in that year

cash Cash flow from operating activities/total assets

top1 Shareholding ratio of major shareholders

board Natural logarithm of the number of board members

stock Shareholding of institutional investors
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