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Abstract

Sustainable innovation constitutes the cornerstone of firms’ long-term competitive edge,
yet the underlying mechanisms via which patient capital facilitates corporate sustainable
innovation remain understudied. Based on a sample of Chinese A-share listed firms
spanning 2013 to 2024, this study operationalizes patient capital through two proxies:
relational debt and stable institutional ownership. We systematically investigate the impact
of patient capital on sustainable innovation, alongside the mediating pathway of internal
control quality and the moderating role of climate policy uncertainty. The empirical
outcomes indicate that both forms of patient capital exert a significant positive effect on
sustainable innovation, with internal control quality serving as a partial mediator in this
relationship. Additionally, climate policy uncertainty reinforces the promotional influence
of patient capital on sustainable innovation. We further stratify heterogeneity analyses into
two dimensions: firm-inherent heterogeneity and external environmental heterogeneity.
From the perspective of endogenous firm attributes, the innovation-stimulating effect of
patient capital differs markedly across enterprises with distinct ownership types, life-cycle
stages, and total asset sizes. Externally, the observed positive impact varies considerably
conditional on industrial factor intensity and the regional marketization degree of the
firm’s location. These findings expand the existing literature concerning long-term capital
and sustainable innovation, and yield actionable implications for corporate management,
institutional investors, and policymakers.

Keywords: patient capital; sustainable innovation; internal control; climate policy
uncertainty; mediating effect; moderating effect

1. Introduction
Sustainable innovation has become the core strategic pillar that enables firms to achieve

long-term, high-quality development and build sustainable competitive advantages, and
it also serves as a vital driving force for China’s industrial upgrading and technological
self-reliance in the new development stage [1]. Against the backdrop of a new round of
global technological and industrial transformation, alongside China’s ongoing transition
from a factor-dependent to an innovation-oriented development model [2], the continuity
and stability of corporate innovation activities have evolved into core determinants of
firms’ capacity to break technological bottlenecks, climb the global value chain, and adapt
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to dynamic market changes [3]. In this context, intensifying industrial competition and
frequent global policy adjustments have posed substantial challenges to firms’ long-term
innovation layouts. Traditional innovation models centered on short-term output and
one-off technological breakthroughs can no longer sustain enduring corporate competitive-
ness, making sustainable innovation—defined by long-term continuous R&D investment
and stable technological iteration—an inevitable strategic choice for modern enterprise
development [4–6]. As a fundamental determinant of firms’ long-term competitive advan-
tages and developmental resilience, corporate sustainable innovation refers to sustained
and stable R&D input, technological iteration, and innovation output at the firm level.
However, it is inherently characterized by lumpy, irreversible investment, long return
cycles, and high outcome uncertainty [7], which heavily relies on long-term capital support
and consistent strategic orientation, thereby highlighting the critical value of patient capital.
Globally, most enterprises face a prevalent dilemma of insufficient innovation continuity,
with the core bottleneck stemming from the lack of long-term stable capital supply and
matched governance support tailored to the long-cycle nature of innovation, which substan-
tially constrains sustainable innovation development worldwide. In this regard, patient
capital, as a long-term and stable capital resource, is precisely the key to resolving the above
innovation continuity dilemma and unlocking firms’ sustainable innovation potential.

Unlike industrialized economies in Europe, the United States, and Japan, which prior-
itize carbon mitigation and market-based ESG regulation, China, as a major developing
economy, emphasizes developmental rights and integrates poverty alleviation, industrial
upgrading, shared prosperity, and low-carbon transition into its domestic Sustainable
Development Goals (SDGs) framework [8]. Supported by a bank-centered financial system
and targeted medium- and long-term industrial policies, China has fostered unique patient
capital mechanisms to curb corporate innovation short-termism, forming a stage-specific
SDG development model that integrates inclusive growth and green transition [9]. Cross-
national institutional and ethical differences further shape the operating logic of patient
capital and sustainable innovation. At the macro level, Western market-oriented ESG
regimes prioritize voluntary disclosure and short-term financial performance, which may
induce corporate opportunistic behaviors and hinder long-cycle sustainable innovation.
In contrast, China’s development-oriented policy ethics balance economic growth, social
welfare, and ecological governance, effectively correcting market failures, guiding long-
term green capital allocation, and facilitating patient capital accumulation [10]. At the
micro level, standardized corporate ethical practices, including responsible values, social
accountability, and compliant ESG behaviors, can strengthen formal internal control sys-
tems, mitigate short-term profit-seeking tendencies, reduce R&D and green transformation
risks, and accommodate the long-cycle and high-risk attributes of sustainable innovation.
Conversely, unethical behaviors such as market speculation and ESG greenwashing weaken
the governance effectiveness of patient capital and internal control, ultimately impeding
SDG-aligned corporate innovation [11].

Globally, corporate sustainable innovation lays a solid foundation for UN SDG-driven
green transitions, particularly advancing SDG 9 (resilient industrial infrastructure), SDG 12
(responsible production), and SDG 13 (climate action) [12]. Global corporate evaluation
systems have gradually shifted from single-dimensional short-term financial performance
to comprehensive long-term technological, environmental, and social value, requiring firms
to balance economic growth, social equity, and intergenerational ecological sustainability.
Firm-level sustainable innovation represents ESG-oriented long-term operational strategies
that reconcile immediate profitability, corporate value appreciation, and social account-
ability. Its inherent features of long implementation cycles, high capital intensity, and
outcome uncertainty generate inherent demands for sufficient patient capital and rigorous
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internal control systems, which constitute the core theoretical basis of this research [13].
Divergent cross-national SDG implementation models further reshape global long-term
capital ecosystems and define the generalizability of this study’s findings. Developed
economies predominantly adopt market-led ESG rules and green venture capital, yet their
market-dominated financial systems tend to prioritize short-term earnings over long-term
innovative R&D [14]. In comparison, China embeds industrial upgrading, shared pros-
perity, and decarbonization into its SDG governance system, relying on bank-dominated
finance and targeted industrial policies to cultivate patient capital and alleviate corpo-
rate short-termism. Such institutional heterogeneity enables the patient capital–internal
control–sustainable innovation mechanism to provide universal policy implications: it
offers long-term green credit guidance for bank-centered economies including Japan and
continental Europe, while delivering complementary governance evidence for market-
centric systems such as the United States [15].

Against this global and institutional backdrop, patient capital, as a typical long-term-
oriented capital form, has become a core focus of academic and practical research to address
the bottlenecks of corporate sustainable innovation. Defined as capital that prioritizes
intertemporal value creation over immediate arbitrage gains and actively participates in
corporate internal governance and strategic decision-making [16,17], patient capital differs
substantially from short-term capital that chases quarterly earnings volatility and short-
term stock price appreciation [18]. Short-term capital typically exhibits high turnover and
strong exit incentives in the face of corporate performance fluctuations, whereas patient
capital features long holding horizons, stable capital supply, and a focus on firms’ long-term
intrinsic value growth [19]. These inherent characteristics make patient capital naturally
compatible with the long-cycle, high-uncertainty, and investment-continuous attributes of
sustainable innovation, which cannot be satisfied by traditional short-term capital, thus
establishing it as an indispensable pillar for maintaining corporate innovation vitality and
market competitiveness.

Scholars have long categorized the driving factors of corporate sustainable innovation
into short-term and long-term dimensions [20]. Short-term drivers, including transient
policy shocks, speculative short-term institutional holdings, annual performance assess-
ment pressure, and managerial myopia, typically reduce long-cycle R&D investment and
impede sustained green innovation [21]. By contrast, long-term drivers such as stable
patient capital, sound internal governance systems, and consistent low-carbon industrial
policies provide continuous resource guarantees for high-risk, long-horizon innovative
activities [22]. The intrinsic nexus between patient capital and corporate sustainable innova-
tion has attracted growing scholarly attention, with existing studies confirming the positive
effects of patient capital on corporate ESG performance, new quality productivity, and
high-quality development [23–25]. Nevertheless, the current literature still presents notable
research gaps. Most existing studies separate short-term and long-term innovation factors
and fail to construct an integrated framework to compare their heterogeneous mechanisms.
Meanwhile, prior relevant research mainly focuses on short-term innovation indicators
such as annual R&D input and patent volume, while neglecting the long-term continuity
and stability of sustainable innovation, which places stricter requirements on sustained
innovation input and output than general corporate economic outcomes. Furthermore,
few studies have systematically clarified the internal governance mechanism through
which patient capital affects sustainable innovation, nor have they explored the moderating
role of external climate policy uncertainty. To address these deficiencies, this study takes
two heterogeneous forms of patient capital as core long-term driving factors and further
explores their internal governance transmission channel and external policy boundary
conditions [26].
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Relevant international literature rarely investigates the triple interplay of patient capi-
tal, internal control and climate policy uncertainty. UK research [17] and U.S. studies [19]
merely analyze patient capital’s outcomes and exclude climate policy uncertainty from
their designs, focusing solely on two-variable relationships without exploring climate
volatility as a moderator. Few overseas scholars combine the three factors into a unified
mediating-moderating framework. Comprehensive mechanism analyses integrating in-
ternal control mediation and climate policy uncertainty moderation are largely limited to
Chinese listed firms, with little cross-country comparative evidence available [18]. Building
on the above research background and gaps, this study addresses three core research ques-
tions: whether patient capital drives corporate sustainable innovation, whether internal
control quality mediates such a relationship, and how climate policy uncertainty moderates
the aforementioned influencing mechanism. Based on a 2013–2024 panel dataset of Chinese
A-share listed firms, this study adopts relational debt and stable institutional ownership as
two proxies to measure patient capital. We first employ a two-way fixed effects model to
identify the causal impact of patient capital on corporate sustainable innovation. On this
basis, the Baron and Kenny [27] three-step mediation framework is applied to examine the
mediating role of internal control quality, and hierarchical regression models are used to
test the moderating effect of climate policy uncertainty. The empirical results demonstrate
that patient capital significantly promotes corporate sustainable innovation, with internal
control quality serving as a partial mediator. Additionally, climate policy uncertainty
positively strengthens the promotional effect of patient capital on sustainable innovation.

This study makes three substantive contributions to the existing literature. First, it
shifts the research focus from discrete short-term innovation outputs to continuous sus-
tainable innovation, extending the research boundary of patient capital from generalized
corporate performance to the long-term stability and continuity of innovation activities.
Second, this study differentiates and compares two heterogeneous forms of patient capital—
relational debt and stable institutional ownership—clarifying the distinct financing and
governance effects of debt-side and equity-side patient capital on sustainable innovation.
Third, it incorporates internal control quality and climate policy uncertainty into a uni-
fied analytical framework, systematically revealing the internal governance transmission
mechanism and external policy boundary conditions of the patient capital–sustainable
innovation relationship.

2. Theoretical Framework and Research Hypothesis
2.1. Patient Capital and Sustainable Innovation

From the perspective of dynamic capability theory, corporate sustainable innovation
relies on firms’ capacity to continuously integrate, reconfigure, and deploy internal and
external resources to adapt to rapidly evolving market and technological environments [28].
As a long-term capital instrument oriented toward intertemporal value creation rather
than short-term speculative arbitrage, patient capital (PC) can effectively assist firms in
developing and optimizing such dynamic capabilities, thereby facilitating sustainable
innovation. To scale up PC supply, governments have implemented a set of targeted policy
instruments, including long-duration government guidance funds, green long-term credit
systems, tax incentive policies for long-horizon institutional investors, and revised long-
cycle performance appraisal mechanisms for state-owned capital. These policy initiatives
collectively expand the availability of two core forms of PC: relational debt and stable
equity capital [1,22].

Notably, PC is often confused with long-term capital, venture capital, and en-
trepreneurial capital in existing literature, despite essential conceptual differences notwith-
standing their overlapping long investment horizons. Broad long-term capital serves as
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an umbrella term covering all capital funds with long maturity cycles, whereas PC rep-
resents a unique subset of long-term capital that specifically targets mitigating corporate
short-termism and facilitating sustained value creation [19]. In contrast, venture capital
and entrepreneurial capital primarily finance start-up enterprises and prioritize rapid exit
via initial public offerings (IPOs), failing to provide persistent and stable long-term support
for corporate sustainable innovation. Different from one-off technological breakthroughs,
sustainable innovation is a systematic, long-term organizational practice that requires per-
sistent resource input and sufficient tolerance for extended return cycles [29]. In this study,
PC is categorized into two dimensions: stable long-term institutional shareholdings and
relational long-term credit. Distinct from other types of capital, PC providers are willing to
tolerate the high uncertainty of prolonged research and development (R&D) activities to
sustain firms’ sustainable innovation endeavors. Clarifying these conceptual distinctions
strengthens the theoretical basis of the core explanatory variable in this study.

More importantly, the two dimensions of PC drive sustainable innovation through
differentiated influencing mechanisms. Relational debt, mainly manifested as long-term
bank loans and other relationship-based liabilities, delivers stable external financing sup-
port and continuous creditor supervision for enterprises [30]. This form of PC mitigates
information asymmetry between banks and borrowing firms, enabling firms to maintain
consistent long-cycle R&D investment. Conversely, stable institutional ownership functions
primarily through equity governance. Long-term institutional investors can effectively
restrain managerial short-termism, support firms’ strategic decision-making, and enhance
organizational tolerance for uncertain innovation outcomes [31]. In summary, debt-based
PC focuses on ensuring financing continuity and implementing creditor supervision, while
equity-based PC emphasizes stabilizing corporate governance and conducting long-term
strategic oversight.

Behavioral agency theory posits that when managers’ compensation, promotion
prospects, and career security are tightly linked to short-term quarterly or annual perfor-
mance, they tend to prioritize immediate operational outcomes. This behavioral inclination
leads managers to evade risky long-term R&D projects and even arbitrarily cut innovation
investment [32]. In comparison, PC with long-term holding horizons possesses stronger
incentives and capabilities to supervise corporate operational management [19]. Such super-
vision effectively alleviates principal–agent conflicts, restrains managerial short-termism,
and motivates managers to formulate long-term innovation strategies that contribute to
firms’ intrinsic value appreciation [18]. Accordingly, PC optimizes corporate governance
systems and mitigates principal–agent problems [19], thereby curbing managerial myopia
and underpinning long-term innovation decision-making.

Continuous sustainable innovation is inherently a repetitive trial-and-error process, in
which high-quality innovation projects require multiple rounds of testing and iteration be-
fore generating economic returns. PC can accommodate the high technological uncertainty
and iterative risks of long-term R&D activities, preventing high-value innovation projects
from premature termination caused by short-term performance fluctuations [33]. Further-
more, sustainable innovation relies on stable and long-term capital supply to cover high
fixed R&D costs and smooth volatile innovation investment cycles [7]. Unlike short-term
capital that fluctuates with market dynamics and may disrupt ongoing R&D progress, PC
provides sustained and stable capital inflows for enterprises [18]. This mechanism alleviates
financing constraints arising from maturity mismatch and information asymmetry, ensur-
ing the continuity of corporate innovation investment. Such a fault-tolerant and stabilizing
mechanism maintains the sustainability of innovation activities, which constitutes the core
prerequisite for corporate sustainable innovation. Based on the above theoretical analysis
and logical framework, this study proposes the following research hypotheses.
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H1: Patient capital exerts a significant positive influence on corporate sustainable innovation.

2.2. Patient Capital, Internal Control, and Sustainable Innovation

Rooted in agency theory, the foundational paradigm of corporate governance research,
this study identifies internal control as a critical mediating channel that bridges patient cap-
ital and corporate sustainable innovation. Internal control is a comprehensive institutional
governance system that integrates risk management, resource allocation optimization,
information disclosure regulation, and operational decision supervision [34,35]. For listed
firms, external independent audits serve as an indispensable supplementary supervision
mechanism that coordinates with internal control systems. External auditors evaluate
the substantive implementation of corporate internal control arrangements rather than
merely formal compliance, identify potential loopholes in resource supervision and R&D
management, and urge firms to rectify internal control deficiencies. Together, internal
control and external audits form a dual internal–external governance framework to con-
strain corporate agency risks. Accordingly, high-quality internal control can effectively
curb the opportunistic behaviors of corporate insiders, improve the utilization efficiency of
R&D resources, and further mitigate agency conflicts that impede long-term sustainable
innovation [35].

As long-term equity holders with stable shareholdings, patient capital investors
have stronger incentives and governance capabilities to participate in corporate oper-
ational governance, supervise the formulation and implementation of internal control
systems [36], and constrain opportunistic behaviors of both senior managers and con-
trolling shareholders [37]. Unlike short-term institutional investors that overly focus on
transient stock price fluctuations [18], patient capital prioritizes firms’ long-term operational
stability and sustainable value growth. Therefore, patient capital actively promotes the
systematic improvement of corporate internal control mechanisms, covering risk manage-
ment frameworks, budgetary control systems, and investment decision-making procedures.
This governance optimization reduces corporate agency costs and establishes a solid in-
stitutional foundation for firms’ long-term value creation [38,39]. This governance effect
is particularly prominent among listed firms in emerging markets, where internal control
practices are often limited to superficial formal compliance rather than substantive opera-
tional implementation. The active governance engagement of patient capital can effectively
drive the substantive operation and continuous improvement of internal control systems in
such firms.

In turn, high-quality internal control acts as a core driver of corporate sustainable inno-
vation, resolving the key bottlenecks of continuous innovation summarized in the foregoing
theoretical analysis through multiple complementary pathways. On the one hand, a sound
internal control system optimizes corporate resource allocation strategies [40], restrains
inefficient capital investment and excessive financialization behaviors [41], and standard-
izes the full-cycle budget management and approval procedures of R&D activities [42].
This ensures that corporate financial resources are stably allocated to long-term innovation
projects instead of short-term speculative businesses, avoiding arbitrary cuts in R&D in-
vestment triggered by short-term performance pressures and maintaining the continuity
of innovation activities. On the other hand, mature internal control systems significantly
improve corporate information transparency and alleviate information asymmetry between
firms and external capital stakeholders [43]. By enhancing the quality of information dis-
closure and reducing market adverse selection risks, high-quality internal control helps
firms acquire long-term external financing at lower costs, thereby alleviating the financing
constraints that restrict sustained R&D investment.
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In addition, robust internal control builds a stable, predictable institutional environ-
ment for sustained innovation. By aligning firms’ strategic orientation with long-term
sustainable innovation goals, PC further suppresses managerial myopia and insider op-
portunism via improved internal control systems [44], eliminating arbitrary interruptions
to innovation investment caused by short-term performance pressure or management
turnover. This stable institutional guarantee sustains the long-term continuity of innova-
tion activities, which defines the core connotation of sustainable innovation in this study.
On this basis, this study proposes the second research hypothesis:

H2: Internal control mediates the positive relationship between patient capital and corporate
sustainable innovation.

2.3. Patient Capital, Climate Policy Uncertainty, and Sustainable Innovation

The promotional effect of patient capital (PC) on corporate sustainable innovation is
context-dependent and closely contingent on the external policy environment. General
policy uncertainty has been widely documented to constrain corporate green production
and long-term sustainable innovation investment [45]. In the context of China’s dual-carbon
goals, climate policy uncertainty constitutes a unique situational factor that profoundly
shapes corporate innovation decision-making [46]. Distinct from broad macro policy
uncertainty, climate policy uncertainty exerts a heterogeneous positive moderating effect
on the baseline relationship between PC and sustainable innovation.

When climate policy uncertainty intensifies, short-term speculative capital tends
to substantially withdraw from the market in response to policy-induced earnings
uncertainty [47]. Meanwhile, commercial banks typically tighten credit provision for long-
cycle and high-risk innovation projects [48,49], which exacerbates corporate financing
constraints and increases the risk of capital chain disruption for sustainable innovation
activities. In this scenario, the inherent long-term and stable attributes of PC can effectively
hedge policy-fluctuation-induced financing frictions [50], delivering continuous financial
support for persistent R&D investment and thereby amplifying PC’s facilitating effect on
sustainable innovation.

Furthermore, elevated climate policy uncertainty aggravates managerial myopia and
principal–agent conflicts, which further strengthens the governance and supervisory value
of PC. Policy volatility increases innovation failure risks and intensifies short-term per-
formance pressure, motivating managers to cut long-term R&D expenditure to stabilize
immediate corporate performance and alleviate operational pressure [51]. As long-term,
stable shareholders, PC holders possess stronger incentives and capabilities to monitor
managerial behaviors [37], constrain myopic R&D manipulation, and ensure the consistent
implementation of long-term innovation strategies. Accordingly, the positive innovation-
driven effect of PC becomes more pronounced under high climate policy uncertainty.

Under intense climate policy uncertainty, firms face greater ambiguity regarding regu-
latory orientations, compliance costs, and future technological standards. Such uncertainty
elevates the marginal value of PC, as short-term investors tend to exit and myopic managers
are inclined to delay or terminate long-term R&D projects. In this context, relational debt-
based PC stabilizes long-term corporate financing, while stable institutional ownership
reinforces strategic persistence and rigorous governance supervision. Therefore, climate
policy uncertainty does not merely generate external operational pressure; it magnifies the
marginal contribution of PC to sustaining corporate sustainable innovation. Based on the
above theoretical reasoning, this study proposes the third research hypothesis:
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H3: Climate policy uncertainty positively moderates the association between patient capital and
sustainable innovation. Specifically, the positive impact is amplified when climate policy uncertainty
is high.

To clearly illustrate the transmission paths underlying our three core hypotheses, we
construct a dedicated research framework, with all detailed logical relationships visualized
in Figure 1.

 

Figure 1. Research Framework. Note: Internal control quality plays a partial mediating role in
the effect of patient capital on sustainable innovation, while climate policy uncertainty positively
moderates the relationship between patient capital and sustainable innovation.

3. Model Specification, Variables, and Data Description
3.1. Data Sources

This study adopts firm-year panel data of Chinese A-share listed companies covering
2013–2024. All raw data are collected from corporate annual reports, CSMAR and CNRDS
databases. We match multi-dimensional sub-databases by firms’ unique stock codes and
fiscal years to form a unified panel dataset.

We implement strict preprocessing rules: (1) exclude financial and real estate firms;
(2) delete ST/*ST firms and samples with missing core variable values; (3) winsorize all
continuous variables at the 1% upper and lower tails to reduce outlier interference. We
further classify all indicators into dependent, core explanatory, mediating, moderating and
control groups for targeted model testing.

Core variables are constructed based on standardized database indicators: the sustain-
able innovation index (SII) is synthesized from multi-period R&D and patent metrics; stable
institutional ownership (Invest) and relational debt (Rdebt) are computed from equity and
long-term liability records; internal control quality (IC) adopts the official CSMAR internal
control index; climate policy uncertainty (CPU) is quantified via textual analysis of policy
documents. The final cleaned sample includes 16,029 valid firm-year observations.
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3.2. Model Specification
3.2.1. Baseline Regression Model

Prior literature has confirmed that long-term capital can promote corporate innovative
activities, yet most studies only focus on either equity or debt long-term funds separately.
Few scholars integrate stable institutional shareholdings and relational bank debt into a
unified analytical framework to compare their heterogeneous primary impacts on sustain-
able innovation targeted at green and long-cycle technological progress. To fill this research
gap, this paper first constructs Hypothesis 1 to test the baseline causal relationship between
two types of patient capital and firms’ sustainable innovation performance.

From the perspective of patient capital theory, patient capital inherently tolerates
high risks and long payback cycles of R&D projects. It alleviates two core barriers re-
stricting sustainable innovation: external financing constraints and internal managerial
short-termism. By easing capital shortages and curbing executives’ preference for short-run
profit, stable institutional ownership (Invest) and relational debt (Rdebt) jointly lift firms’
overall sustainable innovation level, forming the core causal logic of the baseline model.

Based on the above theoretical logic and Hypothesis 1, we adopt a two-way fixed
effects (TWFE) model as the baseline empirical specification to quantitatively test the causal
relationship between patient capital and sustainable innovation:

SIIit = α0 + α1Investit + α2Controlit + γt + φi + εit (1)

SIIit = β0 + β1Rdebtit + β2Controlit + γt + φi + εit (2)

Among them, where i and t denote the firm and year, respectively, covering all sample
firms and years, respectively. SIIit is the Sustainable Innovation Index, which represents the
explained variable. Investit (stable equity) and Rdebtit (relational debt) are core explanatory
variables. Controlit represents the firm-level control variables. γt and φi denote year and
firm fixed effects, respectively, and εit represents the random error term. In all estimations,
standard errors are clustered at the firm level to account for firm-level heteroskedasticity
and serial correlation.

3.2.2. Mediating Effect Model

Existing literature merely verifies the direct correlation between patient capital and
innovation, ignoring the internal governance transmission channel connecting long-term
capital and R&D decisions, which leaves the internal causal mechanism unclear. To unpack
the intermediate path, this paper proposes Hypothesis 2 and takes internal control quality as
the mediating variable to reveal how patient capital indirectly shapes sustainable innovation
through corporate internal governance.

Based on agency theory, patient capital introduces continuous external supervision
over firm operations. External institutional shareholders and long-term creditor banks push
enterprises to optimize internal control systems. Sound internal control standardizes full-
cycle R&D decision-making procedures, reduces agency conflicts between shareholders and
managers, and optimizes the allocation of limited innovation resources. Such governance
improvements serve as a vital intermediate channel transmitting the innovation-boosting
effect of patient capital.

We adopt the classic three-step Baron–Kenny mediation framework [27] and build
separate mediating regression groups for Invest and Rdebt:

ICit = α0 + α1Investit + α2Controlit + γt + φi + εit (3)

ICit = β0 + β1Rdebtit + β2Controlit + γt + φi + εit (4)
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SIIit = ω0 + ω1Investit + ω2ICit + ω3Controlit + γt + φi + εit (5)

SIIit = µ0 + µ1Rdebtit + µ2ICit + µ3Controlit + γt + φi + εit (6)

Among them, i and t denote the firm and year, respectively, covering all sample firms
and years, respectively. ICit stands for internal control quality, the mediating variable
of this study. Investit (stable equity) and Rdebtit (relational debt) are core explanatory
variables. Controlit represents the firm-level control variables. γt and φi denote year and
firm fixed effects, respectively, and εit represents the random error term. In all estimations,
standard errors are clustered at the firm level to account for firm-level heteroskedasticity
and serial correlation.

3.2.3. Moderating Effect Model

Current research rarely discusses heterogeneous changes in the patient capital–
sustainable innovation link under volatile climate regulatory environments, failing to
clarify the external institutional boundary conditions of this causal relationship. This
paper puts forward Hypothesis 3 and introduces climate policy uncertainty (CPU) as the
moderating variable to explore when patient capital exerts stronger innovation incentives.

Therefore, this study proposes Hypothesis 3 to examine the moderating boundary
condition of the baseline relationship. The moderating effect predicts that climate policy
uncertainty positively strengthens the promotional impact of patient capital on firms’
sustainable innovation performance. Drawing on policy uncertainty theory, high climate
policy volatility discourages short-term capital from risky green R&D investment. As a
long-term funding source with stable governance advantages, patient capital can hedge
policy risks and restrain managerial myopia, so its driving effect on sustainable innovation
will be more pronounced.

Based on the above theoretical logic and Hypothesis 3, we construct interaction
terms between patient capital and climate policy uncertainty to establish moderating
regression models:

SIIit = α0 + α1Investit + β2Investit × CPUit + α3Controlit + γt + φi + εit (7)

SIIit = β0 + β1Rdebtit + β2Rdebtit × CPUit + β3Controlit + γt + φi + εit (8)

Among them, i and t denote the firm and year, respectively, covering all sample firms
and years, respectively. CPUit refers to climate policy uncertainty, the moderating variable
of this study. Investit (stable equity) and Rdebtit (relational debt) are core explanatory
variables. Controlit represents the firm-level control variables. γt and φi denote year and
firm fixed effects, respectively, and εit represents the random error term. In all estimations,
standard errors are clustered at the firm level to account for firm-level heteroskedasticity
and serial correlation.

3.3. Variable Description
3.3.1. Dependent Variable

To measure firms’ sustainable innovation capacity, this paper follows the approach of
Triguero and Corcoles [52] and selects Sustainable Innovation Input (SII) and Sustainable
Innovation Output (SIO) as the dependent variables. The measurement of SII incorporates
the continuity and growth of innovation investment, enabling it to better capture the long-
term sustainability of innovation activities rather than short-term fluctuations. In contrast
to traditional innovation indicators that focus only on a single period, SII effectively reflects
the stability and persistence of corporate innovation strategies.
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This study quantifies firms’ sustainable innovation capacity using intertemporal data
on innovation input (IIN) and innovation output (OIN). Given the clear unidirectional
causality from sustainable innovation input to output, we use SII as the core dependent
variable in baseline regressions, while employing SIO as an alternative dependent variable
in robustness checks to ensure the reliability and robustness of our findings.

SIIt =
IINt + IINt−1

IINt−1 + IINt−2
× (IINt + IINt−1) (9)

SIOt =
OINt + OINt−1

OINt−1 + OINt−2
× (OINt + OINt−1) (10)

3.3.2. Independent Variable

In extant research on patient capital, two primary dimensions of measurement are
identified: relational debt and stable equity. Following the approach of Huang [23], rela-
tional debt (denoted as Rdebt) is defined as the ratio of long-term liabilities (comprising
long-term bank loans, bonds payable, and long-term payables) to total liabilities, which
reflects the relational financing structure of listed companies. The higher the ratio, the
deeper the embedding of patient capital in the firm’s total debt, which measures the extent
of patient capital’s participation in the firm’s funding sources. In this study, the calculation
of equity stability (denoted as Invest), this paper draws on the methodology proposed
by Chen et al. [53] and Zhang et al. [54], which is defined as the ratio of institutional
investors’ shareholding ratio to the standard deviation of the firm’s institutional investors’
shareholding ratio over the past three years. The higher the index, the lower the volatility of
institutional shareholdings and the higher the stability of investors, reflecting more stable
equity-side participation of patient capital.

3.3.3. Mediating Variable

This study operationalizes firm-level internal control quality using the DIB Internal
Control Index for Chinese listed firms, with data sourced from the DIB Internal Control and
Risk Management Database. As China’s first authoritative professional database dedicated
to internal control, it serves as the primary data source for internal control-related research
on Chinese listed companies. The index is constructed based on the five core components
of the COSO internal control framework (control environment, risk assessment, control
activities, information and communication, and internal monitoring) forming a tailored
indicator system aligned with the internal control practices of Chinese listed firms. Scaled
from 0 to 1000, higher index values correspond to stronger internal control quality and
greater effectiveness of the firm’s internal control system.

3.3.4. Moderating Variable

Climate policy uncertainty represents a distinct type of external risk separate from
physical climate risks such as extreme weather and climatic disasters. It refers to the
persistent fluctuations in the timing, enforcement intensity, adjustment direction and
supporting rules of low-carbon emission reduction and green transition governance policies
issued by governments worldwide [55–57]. Firms fail to form stable expectations over
policy trajectories, resulting in ambiguous outlooks for operation and investment. Such
uncertainty arises from increasingly stringent global carbon neutrality targets, frequent
policy revisions driven by domestic and international demands for green transition, and
divergent implementation standards across regions [58].

To quantify this moderating variable, this study follows the classic newspaper-based
textual quantification framework proposed by Baker et al. [59], and draws on the regional
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index construction method of Gavriilidis [60]. We establish the original text corpus based
on six authoritative Chinese media outlets: People’s Daily, Guangming Daily, Economic
Daily, Global Times, Science and Technology Daily, and China News Service, and finally
construct a provincial-level Climate Policy Uncertainty (CPU) index for empirical testing.
Unlike traditional indicators that merely rely on keyword matching and fixed dictionary
rules, this provincial CPU index integrates deep learning semantic recognition and manual
double verification. It addresses the drawbacks of conventional textual measurement,
including vague semantic judgment and insufficient capture of contextual information, thus
delivering higher objectivity and accuracy. This index has been widely adopted in empirical
studies on domestic green economy and corporate low-carbon transformation. Taking
provincial administrative regions as measurement units, it fully captures the heterogeneity
in the implementation of climate policies across Chinese provinces, which aligns well with
the geographic distribution and 2013–2024 sample period of our A-share listed firm dataset.

3.3.5. Control Variable

Drawing on established relevant literature [61,62], we construct the full set of variables
and provide clear definitions for all dependent, core explanatory and firm-level control
variables in Table 1.

Table 1. Variable Definition.

Variables Definition

Dependent Variable SII This study quantifies firms’ sustainable innovation capacity using
intertemporal data on innovation input (IIN)

Core Explanatory
Variable Rdebt The ratio of long-term liabilities (comprising long-term bank loans,

bonds payable, and long-term payables) to total liabilities

Invest
Defined as the ratio of institutional investors’ shareholding ratio to the
standard deviation of the firm’s institutional investors’ shareholding

ratio over the past three years.

Firm-Level Control
Variable Size The natural logarithm of total assets at the conclusion of the fiscal year

Age The natural logarithm of the elapsed years since the
firm’s establishment

Shrcr The sum of the shareholdings of the top five largest shareholders

Lev Calculated as the ratio of total liabilities to total assets

Fixed The ratio of net fixed assets to total assets

TobinQ
The ratio of the total market capitalization of tradable shares, the

imputed value of non-tradable shares calculated from net assets per
share, and the book value of aggregate liabilities to total assets.

NP The ratio of net profit to operating revenue

Cashflow The ratio of net operating cash flow to total assets

BoardSize The natural logarithm of the number of directors on the board

Indep The percentage of independent directors on the board
Note: The research data used in this study are obtained from three core sources: the annual reports of listed
firms, the China Stock Market & Accounting Research Database (CSMAR), and the China Research Data Service
Platform (CNRDS) Database.
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4. Empirical Analysis
4.1. Descriptive Statistics

This study first performs comprehensive descriptive statistical analysis on all key
research variables, with the detailed results presented in Table 2. Sustainable innovation
(SII), the explained variable of this study, has a mean value of 19.348 and a standard devia-
tion of 1.487. These statistical values indicate that the SII data is densely distributed with
stable overall fluctuations, and the inter-firm differences in sustainable innovation levels
are within a reasonable and controllable range. For the core explanatory variables, stable
equity yields a mean of 25.184 and a standard deviation of 43.530, while relational debt has
a mean of 0.133 and a standard deviation of 0.147. The relatively dispersed distribution of
the two patient capital indicators demonstrates sufficient sample variability, which guaran-
tees the validity and reliability of the subsequent mediating effect tests. Additionally, all
control variables exhibit reasonable statistical fluctuations and differentiated distribution
characteristics, further verifying the rationality and effectiveness of the variable selection
and empirical model setting in this study.

Table 2. Descriptive statistics.

Variable Obs Mean SD Min Max

SII 16,029 19.348 1.487 12.118 25.777
Invest 16,029 25.184 43.530 0.169 331.784
Rdebt 16,029 0.133 0.147 0.000 0.637

IC 16,029 633.417 123.863 0.000 823.100
CPU 16,029 0.000 1.000 −1.696 2.870
Size 16,029 22.641 1.231 19.982 26.257
LEV 16,029 0.444 0.189 0.053 0.893

TobinQ 16,029 1.983 1.240 0.000 7.892
BoardSize 16,029 2.109 0.193 1.099 2.565

Indep 16,029 37.822 5.530 16.670 57.140
Age 16,029 3.070 0.271 1.946 3.611

Shrcr 16,029 48.583 14.549 18.628 88.630
Fixed 16,029 0.202 0.136 0.004 0.617

Cashflow 16,029 0.051 0.063 −0.150 0.246
NP 16,029 0.033 0.190 −1.033 0.458

Note: The data are sourced from firms’ annual reports, the China Stock Market & Accounting Research Database
(CSMAR), and the China Research Data Service Platform Database (CNRDS).

4.2. Baseline Regression

To alleviate omitted variable bias stemming from time-invariant firm-specific charac-
teristics, this study incorporates firm fixed effects into all empirical model specifications.
Meanwhile, year fixed effects are introduced to capture universal time-varying trends in
macroeconomic conditions, policy adjustments, and industrial innovation dynamics across
sample firms. Table 3 presents the baseline regression results regarding the association
between patient capital and corporate sustainable innovation.

Table 3. Benchmark regression analysis.

Variable
(1) (2) (3) (4)
SII SII SII SII

Invest 0.010 ** 0.010 ***
(2.37) (2.83)

Rdebt 0.082 *** 0.021 ***
(12.18) (4.42)
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Table 3. Cont.

Variable
(1) (2) (3) (4)
SII SII SII SII

Size 0.712 *** 0.702 ***
(34.07) (33.26)

LEV −0.030 *** −0.035 ***
(−3.15) (−3.71)

TobinQ 0.026 *** 0.027 ***
(5.05) (5.16)

BoardSize 0.023 *** 0.023 ***
(2.79) (2.77)

Indep 0.006 0.006
(0.86) (0.87)

Age 0.001 0.003
(0.03) (0.08)

Shrcr 0.044 *** 0.047 ***
(3.33) (3.55)

Fixed 0.030 *** 0.029 ***
(3.21) (3.02)

Cashflow 0.009 ** 0.010 **
(2.33) (2.54)

NP −0.003 −0.003
(−0.60) (−0.73)

Cons 0.005 *** 0.003 *** 0.005 *** 0.003 ***
(1425.28) (25.67) (281.77) (26.01)

Year FE Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes

Obs 16,029 16,029 16,029 16,029
R-squared 0.911 0.938 0.913 0.938

Note: *** and ** represent the significance levels of 1% and 5% respectively. The values in parentheses are t-values.
The following table is the same.

Columns (1) and (2) report the estimation results without and with the inclusion
of control variables, respectively, while Columns (3) and (4) present the corresponding
regression outcomes of relational debt on sustainable innovation. The specific coefficient
results further quantify the baseline promoting effect of patient capital. For stable insti-
tutional shareholdings (Invest), the coefficient remains stable at 0.010 in both Column
(1) and Column (2), significant at the 1% level, confirming the positive contribution of
stable equity to the corporate sustainable innovation index (SII). For relational debt, the
estimated coefficients are 0.082 and 0.021 in Columns (3) and (4), respectively, and both
are statistically significant at the 1% level. These consistent and robust results demonstrate
that both stable equity and relational debt exert significant positive effects on corporate
sustainable innovation, thereby fully validating the core research hypothesis proposed in
this study.

Coefficient comparison reveals two complementary innovation-promoting channels of
patient capital under China’s bank-dominated financial system. Relational debt facilitates
sustainable innovation via stable bank–firm credit ties and continuous creditor supervision,
while stable equity functions through internal governance optimization and long-term
strategic oversight, restraining managerial short-termism to support R&D sustainabil-
ity. Empirically, relational debt yields a stronger and more robust promoting effect on
sustainable innovation than stable equity, attributable to unique institutional settings of
China’s financial market. First, long-term bank partnerships enable real-time information
acquisition and capital supervision, effectively mitigating information asymmetry, whereas
institutional investors rely on ex post evaluation with limited on-site monitoring. Second,
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bank loans allow intertemporal risk sharing and higher tolerance for uncertain long-cycle
innovation projects, while institutional investors are constrained by rigid short-term perfor-
mance assessments and liquidity pressures. Third, relational credit serves as the dominant,
accessible financing source for corporate innovation with stable capital supply, while stable
equity only exerts indirect innovation-promoting effects via governance improvement,
lacking powerful direct capital support. Collectively, these institutional and supervisory
disparities fundamentally lead to the significant coefficient difference between the two
types of patient capital.

4.3. Robustness Tests
4.3.1. Replacement of Dependent Variable

To test result robustness, we replace the dependent variable with sustainable inno-
vation output (SIO). As shown in Table 4, the coefficients of Invest stand at 0.010 in both
Column (1) and Column (2), statistically significant at the 1% level. This finding preliminar-
ily validates that stable institutional shareholdings exert a meaningful positive impact on
firms’ sustainable innovation index (SII). For relational debt, the coefficients equal 0.082 in
Column (3) and 0.021 in Column (4), also significant at the 1% threshold, which confirms
the facilitating effect of relational debt on sustainable innovation.

Table 4. Replace dependent variable and exclude epidemic years.

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

SIO SIO SII SII

Invest 0.036 *** 0.009 **
(3.57) (2.22)

Rdebt 0.025 * 0.023 ***
(1.76) (4.46)

Size 0.152 *** 0.138 *** 0.713 *** 0.702 ***
(3.10) (2.78) (32.90) (32.09)

LEV −0.018 −0.026 −0.038 *** −0.045 ***
(−0.77) (−1.10) (−3.71) (−4.31)

TobinQ −0.007 −0.005 0.029 *** 0.030 ***
(−0.44) (−0.31) (4.92) (5.05)

BoardSize 0.008 0.008 0.026 *** 0.025 ***
(0.36) (0.33) (2.77) (2.73)

Indep 0.012 0.011 0.007 0.008
(0.67) (0.62) (0.85) (0.89)

Age −0.086 −0.082 0.002 0.004
(−1.03) (−0.98) (0.07) (0.13)

Shrcr −0.003 0.004 0.048 *** 0.050 ***
(−0.10) (0.13) (3.51) (3.71)

Fixed 0.014 0.012 0.033 *** 0.031 ***
(0.62) (0.55) (3.17) (2.96)

Cashflow −0.001 0.000 0.010 ** 0.011 **
(−0.10) (0.01) (2.24) (2.42)

NP −0.010 −0.010 −0.002 −0.003
(−0.83) (−0.86) (−0.35) (−0.50)

Cons −0.000 −0.001 −0.002 −0.003
(−0.07) (−0.13) (−1.10) (−1.41)

Year FE Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes

Obs 9957 9957 12,833 12,833
R-squared 0.668 0.668 0.9387 0.9388

Note: ***, **, and * represent the significance levels of 1%, 5%, and 10%, respectively. The values in parentheses are
t-values. The following table is the same.
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4.3.2. Eliminate Outlier Years

In addition, to alleviate potential biases from the COVID-19 pandemic (including
corporate operation disruptions, heightened policy uncertainty, and abnormal market
volatility), we perform an additional robustness test by excluding observations from the
peak pandemic period (2020–2022) and re-estimating the baseline model. Columns (3)
and (4) of Table 4 report the regression results without the outlier year. The coefficient of
Invest equals 0.009 and is significant at the 5% level, while the coefficient of Rdebt reaches
0.023 and is significant at the 1% level. The positive and statistically significant coefficients
verify that both types of patient capital positively drive sustainable innovation, consistent
with our baseline conclusion. This evidence verifies that the COVID-19 pandemic does not
undermine the robustness of our core conclusions.

4.3.3. Placebo Test

To validate the robustness of the baseline findings, this study conducts placebo tests
for stable equity and relational debt based on 500 random sampling iterations, and the
corresponding distribution results are visualized in Figure 2. The left panel displays the
coefficient distribution of randomly assigned stable equity, while the right panel presents
the placebo estimation distribution of relational debt. As graphically illustrated, the
estimated placebo coefficients are tightly clustered around zero with most p-values greater
than 0.1, conforming to a standard normal distribution. In sharp contrast, the true regression
coefficients obtained from the baseline model are located in the far tail of the placebo
distribution and exhibit obvious statistical divergence. This graphical evidence indicates
that the significant innovation-promoting effects of patient capital are not generated by
random sampling noise or unobserved systematic biases, further verifying the reliability of
the core empirical results.

Figure 2. Placebo test.

Overall, all three robustness checks yield highly consistent results. When we replace
the dependent variable with sustainable innovation output, exclude the COVID-19 pan-
demic subsample, and conduct a placebo test with 500 random permutations, the positive
and statistically significant effects of both relational debt and stable institutional owner-
ship on sustainable innovation remain unchanged. The sign and significance level of core
coefficients show no substantive reversal across all specifications, which jointly rules out
concerns about measurement bias, special-period interference and spurious correlation.
These converging findings confirm that our baseline conclusion is robust and reliable.
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4.3.4. Endogeneity Test

To mitigate potential endogeneity concerns arising from reverse causality and unob-
served omitted variable bias, this study adopts a two-stage least squares (2SLS) instrumental
variable (IV) approach to re-examine the baseline causal relationship. Following standard
empirical frameworks and existing studies [23], this study constructs two categories of
valid instrumental variables for stable equity and relational debt. Specifically, the peer-
based instruments are defined as the average stable equity and average relational debt of
other firms within the same region–industry cluster, excluding the focal firm. In addition,
one-period lagged terms of the core independent variables (L1.Invest and L1.Rdebt) are
adopted as supplementary instrumental variables, which is consistent with conventional
empirical practices.

The validity of these instruments relies on satisfying both relevance and exclusion
restrictions. For the peer-average instruments, firms operating within identical regions
and industries face homogeneous financial intermediaries, local credit conditions, indus-
trial regulatory policies, and institutional investor preferences. This generates a strong
correlation between peer firms’ average patient capital holdings and the focal firm’s own
patient capital structure, fulfilling the relevance requirement [23]. Meanwhile, we exclude
the focal firm from peer-group averages, which ensures the peer instrument cannot directly
shape the focal firm’s sustainable innovation performance except via its impact on the
firm’s patient capital endowment, satisfying the exclusion constraint [63]. As for lagged
instruments L1.Invest and L1.Rdebt, they correlate strongly with contemporaneous patient
capital because equity and debt capital structures exhibit high time-series persistence. Criti-
cally, lagged capital indicators are insulated from current-period innovation shocks, further
reinforcing the exclusion restriction [64]. Collectively, these logical rationales establish the
theoretical validity of our instrumental variable set.

Tables 5 and 6 present the complete 2SLS instrumental variable estimation results.
The first-stage diagnostics confirm valid instrument quality: all IV coefficients are positive
and significant at the 1% level, and all first-stage F-statistics are substantially higher than
the Stock–Yogo critical value for weak instrument testing, effectively eliminating weak
instrument bias. Quantitatively, the second-stage results remain highly consistent with
baseline patterns. Stable equity maintains statistical significance at the 1% and 10% levels
across different IV specifications, while relational debt stays significant at the 1% level in
all regressions with stable positive coefficient magnitudes. The preservation of statistical
significance and economic direction after endogenous correction strongly confirms the
causal, positive effect of patient capital on corporate sustainable innovation.

Table 5. Endogeneity test 1.

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

Invest SII Invest SII

L.Invest 0.004 ***
(7.67)

IIV1 0.959 ***
(59.22)

Invest 0.061 *** 0.010 *
(2.68) (1.88)

Size −0.082 *** 0.722 *** −0.035 * 0.715 ***
(−2.61) (31.12) (−1.84) (34.05)

LEV 0.023 −0.038 *** 0.013 −0.030 ***
(1.39) (−3.66) (1.28) (−3.14)

TobinQ 0.015 0.026 *** 0.016 ** 0.026 ***
(1.16) (4.41) (2.06) (5.05)
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Table 5. Cont.

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

Invest SII Invest SII

BoardSize −0.019 0.022 ** −0.008 0.023 ***
(−1.05) (2.37) (−0.70) (2.79)

Indep −0.013 0.012 −0.012 0.006
(−0.81) (1.58) (−1.15) (0.86)

Age 0.002 −0.011 −0.035 0.001
(0.03) (−0.30) (−0.69) (0.03)

Shrcr 0.218 *** 0.030 ** 0.098 *** 0.045 ***
(9.69) (2.06) (6.07) (3.34)

Fixed 0.050 ** 0.025 ** 0.011 0.031 ***
(2.40) (2.39) (0.85) (3.21)

Cashflow −0.002 0.008 * −0.007 0.009 **
(−0.18) (1.77) (−1.24) (2.33)

NP 0.018 *** −0.008 * 0.011 ** −0.003
(2.70) (−1.67) (2.08) (−0.60)

Year FE Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes

Obs 13,203 13,203 16,029 16,029
R-squared 0.508 0.279 0.792 0.309

F 16.829 99.105 335.860 119.092
First stage F

value 58.76 3507.033

p-value 0 0
Note: ***, **, and * represent the significance levels of 1%, 5%, and 10%, respectively. The values in parentheses are
t-values. The following table is the same.

Table 6. Endogeneity test 2.

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

Rdebt SII Rdebt SII

L.Rdebt 2.301 ***
(23.18)

IIV2 0.857 ***
(75.75)

Rdebt 0.045 *** 0.020 ***
(3.00) (2.91)

Size 0.321 *** 0.696 *** 0.214 *** 0.706 ***
(9.71) (28.37) (8.99) (33.42)

LEV 0.222 *** −0.049 *** 0.141 *** −0.035 ***
(11.21) (−4.50) (9.78) (−3.66)

TobinQ −0.019 * 0.028 *** −0.014 * 0.027 ***
(−1.69) (4.62) (−1.82) (5.16)

BoardSize −0.002 0.020 ** −0.006 0.023 ***
(−0.13) (2.21) (−0.53) (2.77)

Indep −0.002 0.011 −0.012 0.006
(−0.20) (1.51) (−1.36) (0.87)

Age −0.086 −0.008 −0.072 0.002
(−1.35) (−0.23) (−1.51) (0.08)

Shrcr 0.012 0.045 *** −0.004 0.047 ***
(0.57) (3.29) (−0.29) (3.54)

Fixed 0.029 0.024 ** 0.071 *** 0.029 ***
(1.36) (2.38) (4.86) (3.04)
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Table 6. Cont.

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

Rdebt SII Rdebt SII

Cashflow −0.042 *** 0.009 ** −0.010 ** 0.010 **
(−5.87) (2.17) (−2.09) (2.53)

NP 0.025 *** −0.008 * 0.013 ** −0.003
(2.99) (−1.68) (2.06) (−0.71)

Year FE Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes

Obs 13,203 13,203 16,029 16,029
R-squared 0.763 0.296 0.874 0.310

F 109.766 100.577 682.349 119.784
First stage F

value 537.309 5738.654

p-value 0 0
Note: ***, **, and * represent the significance levels of 1%, 5%, and 10%, respectively. The values in parentheses are
t-values. The following table is the same.

Overall, the 2SLS results strongly validate the causal effect of patient capital on sustain-
able innovation. All IVs satisfy the relevance criterion with robust first-stage statistics and
pass the exclusion restriction based on theoretical exogeneity. After alleviating endogeneity
biases originating from reverse causality and unobserved omitted variables, the promo-
tional effect of patient capital remains statistically stable and economically meaningful,
further verifying the reliability and causality of the core conclusions in this study.

5. Mechanism Tests: The Mediating Role of Internal Control
Table 7 presents the mediating mechanism test results. Columns (1)–(3) examine the

partial mediating role of the internal control index (IC) between patient capital (PC) and the
sustainable innovation index (SII). In Column (1), the coefficient of PC is 0.010, significant
at the 1% level, demonstrating that patient capital significantly improves sustainable
innovation. Column (2) shows the coefficient of PC is 0.019, significant at the 5% level,
which promotes higher-quality internal control. In Column (3), PC (0.010) and IC (0.013)
are both significantly positive at the 1% level, confirming IC acts as a partial mediator.

Columns (4)–(6) analyze the transmission channel of relational debt (Rdebt). The
coefficient of Rdebt in Column (4) is 0.021, significant at the 1% level. Column (5) reports
that the coefficient of Rdebt equals 0.037, significant at the 1% level, and relational debt
positively contributes to internal control. In Column (6), Rdebt (0.020) and IC (0.013) remain
statistically significant at the 1% level, which implies IC partially mediates the relationship
between relational debt and sustainable innovation. All regressions incorporate a full set
of firm-level control variables. Taken together, the three-stage mediation framework fully
validates Hypothesis 2.

This finding indicates relational debt exerts a larger positive influence on internal
control quality than stable institutional equity, a difference stemming from China’s bank-
centered financial framework. Long-term credit ties between banks and enterprises lay the
foundation for relational debt. Commercial banks maintain continuous, strict oversight
of firms’ daily operations and investment decisions. To lower long-term credit risks and
guarantee loan recovery, businesses are pushed to fully implement sound internal control
systems. In contrast, stable institutional investors play a weaker governance role in China’s
capital market. Institutional holdings are often scattered, which reduces investors’ will-
ingness to actively supervise firm operations. Domestic institutional participants focus
primarily on stock returns over the long run and rarely engage with detailed internal
control arrangements, limiting their ability to improve corporate internal control standards.
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Such institutional differences explain our empirical outcome: internal control works as a
more effective intermediate channel through which relational debt boosts sustainable inno-
vation than stable equity. This forms a coherent logical path that connects our theoretical
deductions to the regression results.

Table 7. Mechanism test.

Variable
(1) (2) (3) (4) (5) (6)
SII IC SII SII IC SII

Invest 0.010 *** 0.019 ** 0.010 ***
(2.83) (2.04) (2.77)

Rdebt 0.021 *** 0.037 *** 0.020 ***
(4.42) (2.71) (4.33)

IC 0.013 *** 0.013 ***
(3.57) (3.52)

Size 0.715 *** 0.164 *** 0.713 *** 0.705 *** 0.146 *** 0.703 ***
(34.07) (3.60) (33.76) (33.26) (3.18) (33.00)

LEV −0.030 *** −0.087 *** −0.029 *** −0.036 *** −0.097 *** −0.034 ***
(−3.15) (−3.31) (−3.02) (−3.71) (−3.64) (−3.57)

TobinQ 0.026 *** 0.052 *** 0.026 *** 0.027 *** 0.053 *** 0.026 ***
(5.05) (3.59) (4.92) (5.16) (3.67) (5.04)

BoardSize 0.023 *** 0.021 0.023 *** 0.023 *** 0.021 0.023 ***
(2.79) (0.98) (2.76) (2.77) (0.96) (2.74)

Indep 0.006 −0.012 0.006 0.006 −0.011 0.006
(0.86) (−0.63) (0.89) (0.87) (−0.63) (0.89)

Age 0.001 0.005 0.001 0.003 0.007 0.002
(0.03) (0.07) (0.03) (0.08) (0.11) (0.08)

Shrcr 0.045 *** 0.102 *** 0.043 *** 0.047 *** 0.106 *** 0.046 ***
(3.33) (3.95) (3.24) (3.55) (4.09) (3.45)

Fixed 0.031 *** −0.015 0.031 *** 0.029 *** −0.018 0.029 ***
(3.21) (−0.59) (3.22) (3.02) (−0.72) (3.04)

Cashflow 0.009 ** 0.044 *** 0.008 ** 0.010 ** 0.045 *** 0.009 **
(2.33) (3.91) (2.18) (2.54) (4.03) (2.39)

NP −0.003 0.297 *** −0.007 −0.003 0.296 *** −0.007
(−0.60) (15.66) (−1.44) (−0.73) (15.66) (−1.55)

Cons 0.000 0.000 * 0.000 0.000 0.000 * 0.000
(0.39) (1.69) (0.33) (0.67) (1.88) (0.61)

Year FE Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes

Obs 16,029 16,029 16,029 16,029 16,029 16,029
R-

squared 0.938 0.452 0.938 0.938 0.452 0.939

Note: ***, **, and * represent the significance levels of 1%, 5%, and 10%, respectively. The values in parentheses are
t-values. The following table is the same.

6. Moderating Effect Test: The Moderating Role of Climate Policy
Uncertainty

The regression results are shown in Table 7. First, columns (1) and (3) show the direct
effect of relational debt and stability equity on sustainable innovation, proving the positive
impact of patient capital on sustainable innovation. The coefficients are positive and highly
significant, providing a robust foundation for the next step analysis.

Table 8 presents the moderating effect test results with the sustainable innovation index
(SII) as the dependent variable and all regressions contain full firm-level control variables.
Column (1) shows that the coefficient of relational debt (Rdebt) is 0.021, significant at the
1% level, revealing that relational debt significantly boosts sustainable innovation; Column
(2) further introduces climate policy uncertainty (CPU) and the interaction term Rdebt ×
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CPU, where the interaction coefficient equals 0.008 and is significant at the 5% level while
CPU itself (0.005) shows no statistical significance, which proves climate policy uncertainty
positively strengthens the promoting effect of relational debt on sustainable innovation.
Column (3) documents that patient capital (Invest) has a coefficient of 0.010, significant
at the 1% level, indicating patient capital facilitates sustainable innovation; Column (4)
adds CPU and the interaction term Invest × CPU, and the interaction coefficient of 0.007
is significant at the 1% level with an insignificant CPU coefficient of 0.006, demonstrating
that climate policy uncertainty also positively reinforces the positive relationship between
patient capital and sustainable innovation. This confirms that climate policy uncertainty
(CPU) will also amplify the driving effect of stabilizing institutional holdings on sustainable
innovation. These findings are consistent with our theoretical framework.

Table 8. Moderating effect.

Variable
(1) (2) (3) (4)
SII SII SII SII

Rdebt 0.021 *** 0.021 ***
(4.42) (4.42)

Invest 0.010 *** 0.010 ***
(2.83) (2.91)

Rdebt×CPU 0.008 **
(2.39)

Invest×CPU 0.007 ***
(2.60)

CPU 0.005 0.006
(1.16) (1.33)

Size 0.705 *** 0.707 *** 0.715 *** 0.716 ***
(33.26) (33.32) (34.07) (34.07)

LEV −0.036 *** −0.035 *** −0.030 *** −0.030 ***
(−3.71) (−3.69) (−3.15) (−3.15)

TobinQ 0.027 *** 0.027 *** 0.026 *** 0.026 ***
(5.16) (5.21) (5.05) (5.05)

BoardSize 0.023 *** 0.023 *** 0.023 *** 0.023 ***
(2.77) (2.75) (2.79) (2.80)

Indep 0.006 0.006 0.006 0.006
(0.87) (0.85) (0.86) (0.86)

Age 0.003 0.003 0.001 0.001
(0.08) (0.09) (0.03) (0.04)

Shrcr 0.047 *** 0.047 *** 0.045 *** 0.045 ***
(3.55) (3.53) (3.33) (3.37)

Fixed 0.029 *** 0.030 *** 0.031 *** 0.031 ***
(3.02) (3.15) (3.21) (3.22)

Cashflow 0.010 ** 0.009 ** 0.009 ** 0.009 **
(2.54) (2.49) (2.33) (2.33)

NP −0.003 −0.004 −0.003 −0.003
(−0.73) (−0.79) (−0.60) (−0.60)

Cons 0.000 0.000 ** 0.000 −0.000 ***
(0.67) (2.39) (0.39) (−2.60)

Year FE Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes

Obs 16,029 16,029 16,029 16,029
R-squared 0.938 0.938 0.938 0.938

Note: *** and ** represent the significance levels of 1% and 5% respectively. The values in parentheses are t-values.
The following table is the same.

This complementary moderating pattern is fundamentally shaped by China’s unique
bank-dominated financial system and centralized dual-carbon governance institutional con-
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text. First, relational debt is rooted in long-term stable bank–firm cooperative relationships.
Under rising climate policy uncertainty, Chinese financial regulators explicitly encour-
age banks to expand green credit support for low-carbon and innovative transformation
projects. Different from short-term market capital, relational bank loans feature intertem-
poral risk-sharing advantages and persistent creditor supervision capabilities, enabling
them to hedge policy-induced innovation risks and effectively stabilize corporate green
R&D investment. Second, stable institutional equity in China is predominantly held by
domestic funds, insurance institutions, and state-backed institutional investors. National
dual-carbon strategic goals provide strong top-down regulatory guidance for institutional
green capital allocation. Although domestic institutional investors are constrained by short-
term performance assessment mechanisms, unified national green investment mandates
significantly reduce their risk aversion toward long-cycle, high-uncertainty green innova-
tion projects amid fluctuating climate policies. Such unique institutional arrangements are
absent in Western market environments without unified national carbon neutrality strategic
deployment, thereby forming the distinctive CPU positive moderating effect observed in
this study.

7. Heterogeneity Analysis
7.1. Heterogeneity of Property Rights

The results of columns (1) to (4) in Table 8 show that both relational debt and stable
equity exert positive effects on corporate sustainable innovation in both state-owned enter-
prise (SOE) and non-state-owned enterprise (NSOE) subsamples, with a more pronounced
impact observed among SOEs.

This heterogeneity is deeply rooted in China’s financial system and the strategic
positioning of SOEs. With implicit government guarantees and policy-oriented mandates,
SOEs in China enjoy preferential access to low-cost, long-maturity relational credit from
state-owned commercial banks. In particular, central SOEs undertaking breakthroughs in
core technologies such as high-end equipment and new energy can secure stable long-term
credit support for their R&D activities. In contrast, NSOEs generally face credit rationing
and collateral constraints in China’s credit market. Most private firms, especially small and
medium-sized ones, struggle to obtain long-term bank loans, which significantly weakens
the coverage and support intensity of relational debt. On the equity side, concentrated
state ownership and limited share liquidity in SOEs reduce the governance power of
institutional investors. For NSOEs, although stable institutional holdings can alleviate
financing constraints, their innovation-driving effect remains weaker than the direct capital
support from relational debt due to the short-term performance assessment pressure faced
by domestic institutional investors.

Specific quantitative evidence further supports this heterogeneous pattern. The re-
gression results of Table 9 show that the coefficient of relational debt stands at 0.029 for the
SOE subsample at the 1% significance level, while the corresponding coefficient for NSOEs
is 0.014, also significant at the 1% significance level. The obvious difference in coefficient
magnitudes verifies that relational debt exerts a stronger promotional effect on corporate
sustainable innovation among SOEs. Likewise, stable equity yields a coefficient of 0.012
for SOEs at the 5% significance level, in contrast to a slightly lower coefficient of 0.009 for
NSOEs at the 5% significance level. The consistent numerical discrepancy across the two
types of patient capital further corroborates that the innovation-enhancing effect of patient
capital is more salient for state-owned firms.
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Table 9. Heterogeneity analysis of property rights.

Variable
(1) (2) (3) (4)
SII SII SII SII

SOEs NSOEs SOEs NSOEs

Invest 0.012 ** 0.009 **
(2.07) (2.02)

Rdebt 0.029 *** 0.014 ***
(2.83) (2.70)

Size 0.760 *** 0.698 *** 0.746 *** 0.691 ***
(14.51) (31.73) (14.26) (30.95)

LEV −0.052 ** −0.011 −0.057 *** −0.016
(−2.53) (−1.04) (−2.79) (−1.44)

TobinQ 0.011 0.028 *** 0.011 0.029 ***
(0.91) (5.13) (0.90) (5.24)

BoardSize −0.001 0.034 *** −0.004 0.034 ***
(−0.08) (3.45) (−0.24) (3.50)

Indep 0.001 0.003 −0.001 0.004
(0.05) (0.41) (−0.05) (0.46)

Age −0.010 −0.007 −0.002 −0.007
(−0.18) (−0.18) (−0.04) (−0.18)

Shrcr 0.034 0.032 * 0.037 0.034 **
(1.40) (1.84) (1.52) (1.99)

Fixed 0.037 * 0.027 ** 0.034 * 0.026 **
(1.94) (2.41) (1.80) (2.33)

Cashflow 0.004 0.010 ** 0.005 0.010 **
(0.51) (2.21) (0.67) (2.34)

NP 0.028 ** −0.011 ** 0.027 ** −0.012 **
(2.48) (−2.33) (2.47) (−2.43)

Cons −0.143 *** 0.062 *** −0.136 *** 0.059 ***
(−5.09) (9.52) (−4.85) (8.97)

Year FE Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes

Obs 4976 10,964 4976 10,964
R-squared 0.945 0.936 0.945 0.936

Note: ***, **, and * represent the significance levels of 1%, 5%, and 10%, respectively. The values in parentheses are
t-values. The following table is the same.

7.2. Heterogeneity of Firm Size

This subsection explores firm-size heterogeneity in the innovation-promoting effects of
patient capital. The full sample is divided into large and small enterprise subsamples, and
all regressions include complete firm-level controls as well as firm and year fixed effects.
Columns (1)–(4) of Table 10 report the subsample estimation results. Both relational debt
and stable equity yield significantly positive coefficients across the two groups, consistent
with the baseline findings and confirming the general innovation-enhancing function of
patient capital for firms of different sizes.

Regression outputs show obvious group differences. The coefficient of stable equity
stands at 0.008 and passes the 10% significance threshold for large enterprises, while the
figure climbs to 0.014 and meets the 5% significance standard for small firms. This means
stable equity delivers a much more noticeable innovation boost for smaller businesses. As
for relational debt, its impact barely shifts between different firm sizes. The coefficients
reach 0.019 for large firms and 0.018 for small firms, both significant at the 1% level, proving
this debt tool delivers consistent innovation incentives no matter how big a company is.
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Table 10. Heterogeneity of Firm Size.

Variable
(1) (2) (3) (4)
SII SII SII SII

Large Small Large Small

Invest 0.008 * 0.014 **
(1.79) (2.35)

Rdebt 0.019 *** 0.018 ***
(2.65) (2.81)

Size 0.740 *** 0.757 *** 0.731 *** 0.745 ***
(17.24) (26.90) (16.90) (26.35)

LEV −0.078 *** 0.004 −0.083 *** −0.000
(−4.72) (0.36) (−5.03) (−0.01)

TobinQ 0.047 *** 0.019 *** 0.048 *** 0.020 ***
(4.68) (3.02) (4.76) (3.08)

BoardSize 0.015 0.030 *** 0.015 0.030 ***
(1.22) (2.77) (1.20) (2.78)

Indep 0.008 0.003 0.008 0.003
(0.79) (0.34) (0.79) (0.35)

Age −0.040 0.015 −0.034 0.013
(−0.82) (0.33) (−0.71) (0.29)

Shrcr 0.050 ** 0.049 *** 0.052 ** 0.052 ***
(2.28) (3.16) (2.35) (3.32)

Fixed 0.012 0.043 *** 0.009 0.043 ***
(0.75) (3.69) (0.54) (3.66)

Cashflow 0.007 0.010 ** 0.008 0.010 **
(1.12) (2.00) (1.27) (2.07)

NP 0.023 *** −0.017 *** 0.021 ** −0.017 ***
(2.70) (−3.39) (2.47) (−3.32)

Cons −0.022 0.083 *** −0.017 0.076 ***
(−0.66) (3.68) (−0.50) (3.34)

Year FE Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes

Obs 7943 7881 7943 7881
R-squared 0.936 0.899 0.936 0.899

Note: ***, **, and * represent the significance levels of 1%, 5%, and 10%, respectively. The values in parentheses are
t-values. The following table is the same.

These gaps come from the different financing conditions facing large and small do-
mestic listed firms. Small companies generally hold few tangible assets that can serve as
collateral, and information gaps between these firms and external funders are prominent.
These issues make it hard for them to secure long-term bank loans. When institutional
investors hold stable shares, they bring sustained funding and long-term strategic guidance.
This eases small firms’ cash crunches and helps them keep steady spending on research,
creating a large marginal gain in innovation performance.

By comparison, large firms possess adequate collateral, high credit credibility, and
stable bank cooperation relationships, enabling them to obtain sufficient relational credit to
sustain innovation. Thus, the incremental contribution of equity governance is relatively
limited. Differently, relational debt relies on long-term bank–firm trust relationships to
mitigate information asymmetry and credit frictions. It compensates for the financing
disadvantages of small firms and further stabilizes the financing structure of large firms,
thereby maintaining robust innovation-promoting effects across all firm sizes.
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8. Further Analysis
8.1. Heterogeneity of Life Circle

Firms at different life cycle stages exhibit divergent resource demands, innovation
risks and financing constraints. Accordingly, this study divides the full sample into growth-
stage, mature-stage, and decline-stage enterprises following Du et al. [22], and conducts
grouped regressions to identify life-cycle heterogeneity. Table 11 presents the corresponding
estimation results.

Table 11. Life circle.

Variable
(1) (2) (3) (4) (5) (6)
SII SII SII SII SII SII

Growth
Stage

Maturity
Stage

Decline
Stage

Growth
Stage

Maturity
Stage

Decline
Stage

Rdebt 0.008 0.015 ** 0.054 ***
(1.08) (2.10) (3.60)

Invest 0.015 * 0.002 0.028 ***
(1.89) (0.45) (3.00)

Size 0.676 *** 0.697 *** 0.822 *** 0.681 *** 0.704 *** 0.836 ***
(20.50) (22.72) (14.08) (20.74) (23.28) (14.14)

LEV −0.005 −0.059 *** −0.043 ** −0.003 −0.055 *** −0.033
(−0.33) (−3.76) (−2.10) (−0.18) (−3.56) (−1.59)

TobinQ 0.023 *** 0.018 ** 0.027 ** 0.023 *** 0.018 ** 0.023 *
(2.70) (2.47) (2.04) (2.68) (2.40) (1.72)

BoardSize 0.030 ** 0.017 0.009 0.030 ** 0.017 0.009
(2.35) (1.29) (0.51) (2.35) (1.30) (0.49)

Indep 0.010 0.006 −0.004 0.010 0.006 −0.004
(1.03) (0.54) (−0.29) (1.03) (0.56) (−0.32)

Age −0.039 −0.025 −0.048 −0.040 −0.027 −0.048
(−0.89) (−0.52) (−0.67) (−0.91) (−0.57) (−0.65)

Shrcr 0.051 *** 0.031 0.033 0.048 ** 0.030 0.028
(2.62) (1.59) (1.17) (2.46) (1.52) (1.01)

Fixed 0.049 *** −0.002 0.015 0.050 *** −0.001 0.022
(3.91) (−0.15) (0.55) (3.95) (−0.04) (0.81)

Cashflow 0.008 0.017 ** 0.009 0.008 0.016 ** 0.007
(1.14) (2.19) (1.02) (1.14) (2.12) (0.79)

NP 0.007 0.008 −0.019 ** 0.007 0.008 −0.019 **
(0.80) (0.90) (−2.14) (0.82) (0.94) (−2.09)

Cons 0.027 *** 0.027 *** −0.022 0.029 *** 0.026 *** −0.032
(3.20) (3.37) (−0.98) (3.39) (3.21) (−1.42)

Year FE Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes

Obs 5802 6078 2593 5802 6078 2593
R-

squared 0.946 0.953 0.946 0.946 0.953 0.946

Note: ***, **, and * represent the significance levels of 1%, 5%, and 10%, respectively. The values in parentheses are
t-values. The following table is the same.

Quantitative regression results confirm obvious life-cycle heterogeneity between rela-
tional debt and stable equity, with distinct coefficient magnitudes and significance across
developmental stages. In terms of relational debt, the coefficients reach 0.022 for mature-
stage firms and 0.020 for decline-stage firms, both significant at the 1% significance level,
while the coefficient for growth-stage firms is small and statistically insignificant. This
indicates that relational debt can effectively drive sustainable innovation only for mature
and declining enterprises with stable business foundations and credit qualifications. By
contrast, stable equity presents a completely different heterogeneous pattern. Its coefficients
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are 0.015 for growth-stage firms at the 5% significance level and 0.011 for decline-stage
firms at the 5% significance level, whereas the coefficient for mature-stage enterprises does
not achieve statistical significance. Such asymmetric numerical and significance differences
fully verify that the two types of patient capital exert differentiated innovation-promoting
effects to match the distinct financing demands and innovation characteristics of firms at
different corporate life cycles.

This life-cycle heterogeneity aligns closely with the phased operation logic and in-
dustrial layout of China’s listed firms. Growth-stage enterprises concentrate in strategic
emerging sectors relying on long-cycle, high-risk disruptive innovation with volatile oper-
ating cash flows. Restricted by strict banking risk regulations, these asset-light tech firms
cannot access large long-term bank loans, making risk-tolerant stable institutional equity
the only viable long-term patient capital to support exploratory sustainable innovation,
while relational debt exerts negligible effects.

Mature firms mainly operate in traditional pillar industries with steady cash flows and
established bank credit partnerships. Their low-risk incremental technical upgrades match
the low-cost, continuous supply of relational debt, which significantly boosts innovation.
Sufficient internal funds and diversified financing channels render the marginal governance
value of stable equity insignificant for mature enterprises.

Declining firms are mostly steel, coal, building materials and other high-carbon overca-
pacity sectors forced into green transformation under dual-carbon and de-capacity policies.
Their policy-driven renovation innovation requires both long-term bank credit for technical
retrofits and institutional governance to curb short-term speculation; thus relational debt
and stable equity jointly facilitate sustainable innovation and industrial restructuring.

Collectively, the heterogeneous outcomes confirm a capital-firm matching rule tailored
to China’s industrial reality. This conclusion delivers targeted guidance for firms to dy-
namically adjust financing structures and innovation resource allocation according to their
life-cycle traits.

8.2. Heterogeneity of Industrial Factor Intensity

The efficacy of two types of patient capital (relational debt Rdebt and stable institu-
tional equity Invest) in boosting sustainable innovation is contingent on industrial factor
intensity. Sectors differ systematically in their reliance on labor, capital and technology
inputs, which shapes distinct operational constraints and innovation financing demands.
Following the 2012 CSRC industrial standard, we categorize all sample firms into labor-,
capital-, and technology-intensive groups.

Table 12 reports grouped regression results. Columns (1)–(3) show the estimates
of relational debt: the coefficient of Rdebt is statistically insignificant at conventional
levels (0.006) in labor-intensive industries, significantly positive at the 5% level (0.027) in
capital-intensive industries, and significantly positive at the 1% level (0.040) in technology-
intensive industries. Columns (4)–(6) present the results of stable institutional equity Invest:
its coefficient is significantly positive at the 5% level (0.010) in labor-intensive industries,
insignificant (−0.005) in capital-intensive industries, and significantly positive at the 1%
level (0.020) in technology-intensive industries.

These cross-group disparities align closely with the practical innovation character-
istics and real operational logic of Chinese domestic industries under institutional con-
straints. The gaps observed across the three industry groups match the actual innova-
tion modes and operational rules of China’s different industrial segments under existing
institutional arrangements.
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Table 12. Heterogeneity of Industrial Factor Intensity.

Variable
(1) (2) (3) (4) (5) (6)
SII SII SII SII SII SII

labor
Intensive

Capital
Intensive

Technology
Intensive

Labor
Intensive

Capital
Intensive

Technology
Intensive

Rdebt 0.006 0.027 ** 0.040 ***
(1.03) (2.17) (4.15)

Invest 0.010 ** −0.005 0.020 ***
(2.10) (−0.75) (2.74)

Size 0.720 *** 0.668 *** 0.730 *** 0.723 *** 0.683 *** 0.749 ***
(34.37) (12.34) (12.71) (34.75) (12.86) (13.14)

LEV −0.006 −0.081 *** −0.064 *** −0.005 −0.072 *** −0.056 ***
(−0.54) (−3.49) (−3.19) (−0.40) (−3.09) (−2.78)

TobinQ 0.020 *** 0.028 * 0.042 *** 0.019 *** 0.028 * 0.043 ***
(3.37) (1.81) (3.12) (3.32) (1.80) (3.23)

BoardSize 0.025 *** 0.017 0.018 0.025 *** 0.017 0.017
(2.62) (0.71) (0.95) (2.63) (0.72) (0.92)

Indep 0.009 0.002 −0.004 0.009 0.001 −0.005
(1.19) (0.10) (−0.26) (1.20) (0.07) (−0.27)

Age 0.038 −0.124 0.012 0.038 −0.128 0.009
(1.11) (−1.54) (0.16) (1.11) (−1.58) (0.12)

Shrcr 0.047 *** 0.035 0.055 * 0.045 *** 0.035 0.050 *
(3.73) (0.94) (1.90) (3.51) (0.94) (1.72)

Fixed 0.025 ** 0.053 ** 0.019 0.025 ** 0.056 *** 0.023
(2.38) (2.53) (0.82) (2.39) (2.68) (1.01)

Cashflow 0.004 0.020 ** 0.013 0.004 0.019 ** 0.011
(0.87) (2.36) (1.62) (0.86) (2.23) (1.34)

NP −0.008 0.020 −0.006 −0.008 0.022 −0.004
(−1.59) (1.35) (−0.63) (−1.59) (1.47) (−0.40)

Cons 0.278 *** −0.267 *** −0.348 *** 0.279 *** −0.265 *** −0.350 ***
(74.68) (−11.12) (−32.83) (74.76) (−11.01) (−33.11)

Year FE Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes

Obs 8665 2526 4653 8665 2526 4653
R-

squared 0.950 0.931 0.927 0.950 0.931 0.927

Note: ***, **, and * represent the significance levels of 1%, 5%, and 10%, respectively. The values in parentheses are
t-values. The following table is the same.

Take technology-intensive industries including semiconductors, biopharmaceuticals
and new energy as an example. Both stable institutional equity and relational debt help
firms boost sustainable innovation, yet they play distinct roles at different innovation
phases. Stable equity can bear high technical risks during early exploratory research
and development. After enterprises form mature and viable technical paths, relational
debt provides continuous financial support for large-scale innovative production. As for
capital-intensive sectors covering chemical manufacturing and power equipment, only
relational debt delivers obvious effects on stimulating innovation. These firms own plenty
of physical assets that can be used as collateral to obtain long-term bank loans, while
stable equity cannot offer effective financial or governance support for their equipment
renovation and technical optimization. Labor-intensive industries such as textile and
garment manufacturing only carry out minor low-cost upgrades to lift operational efficiency.
They barely need massive long-term bank financing. In this context, relational debt has no
obvious driving effect on sustainable innovation, though stable equity still brings a slight
positive influence.

https://doi.org/10.3390/su18136508

https://doi.org/10.3390/su18136508


Sustainability 2026, 18, 6508 28 of 35

8.3. Heterogeneity of Regulated Industries

Industries can be split into regulated and competitive types based on external opera-
tional rules. Regulated sectors face tight government supervision, tough entry barriers and
fixed operational limits, while competitive sectors rely purely on market competition to
allocate resources. These two distinct external environments change how companies use
relational debt and stable institutional equity to carry out sustainable innovation.

Referring to the classification standards from Ke et al. [65] and Yuan [66], we divide
all sample firms into competitive and regulated groups and run separate regressions, with
outcomes laid out in Table 13. In competitive industries, the coefficient of relational debt
hits 0.018 and is positive at the 1% significance level, which proves its steady role in driving
sustainable innovation. Stable institutional equity has a coefficient of 0.012 and also shows
a significant positive correlation at the 1% level complete regression model in Column
(3). The data indicates that stable institutional equity works alongside relational debt in
competitive markets: it eases firms’ short-term performance burdens and pushes them to
invest in long-cycle, high-risk sustainable innovation projects.

Table 13. Heterogeneity of Regulated Industries.

Variable
(1) (2) (3) (4)
SII SII SII SII

Competitive Regulated Competitive Regulated

Rdebt 0.018 *** 0.025 **
(3.46) (2.19)

Invest 0.012 *** 0.005
(2.86) (0.78)

Size 0.656 *** 0.992 *** 0.665 *** 1.003 ***
(32.71) (12.95) (33.65) (13.11)

LEV −0.011 −0.146 *** −0.006 −0.141 ***
(−1.04) (−6.10) (−0.56) (−5.92)

TobinQ 0.019 *** 0.086 *** 0.018 *** 0.085 ***
(3.72) (4.39) (3.61) (4.38)

BoardSize 0.024 *** 0.004 0.024 *** 0.005
(2.62) (0.25) (2.62) (0.31)

Indep 0.007 −0.007 0.007 −0.006
(0.88) (−0.59) (0.86) (−0.55)

Age 0.044 −0.084 0.044 −0.090
(1.38) (−1.14) (1.37) (−1.23)

Shrcr 0.051 *** 0.054 0.049 *** 0.052
(3.73) (1.58) (3.52) (1.49)

Fixed 0.018 * 0.048 ** 0.020 ** 0.048 *
(1.91) (1.97) (2.10) (1.96)

Cashflow 0.009 ** 0.015 * 0.008 ** 0.014 *
(2.12) (1.83) (1.97) (1.69)

NP 0.001 −0.023 ** 0.001 −0.022 **
(0.14) (−2.38) (0.22) (−2.26)

Cons 0.046 *** −0.309 *** 0.047 *** −0.311 ***
(16.17) (−6.96) (16.74) (−6.99)

Year FE Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes

Obs 12,928 3079 12,928 3079
R-squared 0.936 0.949 0.936 0.949

Note: ***, **, and * represent the significance levels of 1%, 5%, and 10%, respectively. The values in parentheses are
t-values. The following table is the same.
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For regulated industries, relational debt still delivers a positive coefficient of 0.025
that holds significance at the 5% level. However, stable institutional equity only registers a
coefficient of 0.005 without any statistical significance in Column (4) regression result.

This cross-group divergence originates from the policy-dominated operational logic of
China’s regulated sectors. Industries including power, telecommunications and transporta-
tion are largely state-controlled, and their innovation scale and technological roadmap are
predetermined by national industrial and regulatory policies. Take the power sector’s green
energy transition as an example: innovation inputs are primarily mandated by official
policies, leaving scarce space for institutional shareholders to exert governance influence.
Conversely, innovation in competitive manufacturing and service sectors is market-driven.
In fiercely competitive segments such as consumer electronics and home appliances, firms
rely on sustained R&D spending to capture market advantages, making the governance
and financing value of patient capital far more tangible. Overall, the evidence verifies that
relational debt exerts stronger incentives for sustainable innovation in market-oriented
competitive environments, where enterprises depend heavily on patient capital to sustain
innovative activities.

8.4. Heterogeneity of Region-Based Marketization Levels

Regional marketization degree constitutes a core institutional factor reshaping cor-
porate resource allocation and the efficacy of two types of patient capital. The incentive
channels of relational debt (Rdebt) and stable institutional equity (Invest) for sustainable
innovation diverge sharply across regions with disparate marketization levels. In high-
marketization regions, mature formal systems covering information transparency and
standardized contract enforcement weaken the reliance of firms on informal relational
financing. By contrast, low-marketization regions depend heavily on social networks and
trust to ease capital market frictions. Following Fan et al. [67], we split the full sample
into high- and low-marketization subsamples based on the median of China’s provincial
marketization index. Regions with index values above the median are categorized as
high-marketization areas, and the rest are defined as low-marketization areas.

Table 14 presents grouped regression results. For low-marketization regions (Columns
1 and 3), relational debt carries a coefficient of 0.026 and is significantly positive at the 1%
level, whereas stable institutional equity yields a coefficient of 0.008 with significance at the
10% level. For high-marketization regions (Columns 2 and 4), the coefficient of relational
debt equals 0.005 and lacks statistical significance, while stable institutional equity obtains
a coefficient of 0.012, significantly positive at the 5% level.

Table 14. Heterogeneity of Region-Based Marketization Levels.

Variable
(1) (2) (3) (4)
SII SII SII SII

Low High Low High

Rdebt 0.026 *** 0.005
(3.93) (0.72)

Invest 0.008 * 0.012 **
(1.95) (2.14)

Size 0.732 *** 0.659 *** 0.746 *** 0.661 ***
(20.67) (24.69) (21.23) (25.14)

LEV −0.052 *** −0.000 −0.045 *** 0.001
(−3.62) (−0.03) (−3.12) (0.05)

TobinQ 0.023 *** 0.029 *** 0.023 *** 0.028 ***
(2.82) (4.33) (2.78) (4.29)
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Table 14. Cont.

Variable
(1) (2) (3) (4)
SII SII SII SII

Low High Low High

BoardSize 0.015 0.035 *** 0.015 0.035 ***
(1.26) (2.85) (1.25) (2.84)

Indep 0.010 0.005 0.011 0.005
(1.08) (0.48) (1.10) (0.50)

Age −0.009 −0.002 −0.008 −0.002
(−0.18) (−0.06) (−0.16) (−0.06)

Shrcr 0.056 *** 0.031 * 0.054 ** 0.028
(2.66) (1.82) (2.54) (1.61)

Fixed 0.034 ** 0.017 0.035 ** 0.017
(2.13) (1.41) (2.20) (1.43)

Cashflow 0.010 * 0.010 ** 0.008 0.010 **
(1.68) (2.10) (1.46) (2.09)

NP −0.002 −0.015 ** −0.002 −0.015 **
(−0.37) (−2.23) (−0.27) (−2.25)

Cons −0.026 *** 0.055 *** −0.027 *** 0.055 ***
(−6.47) (16.13) (−6.64) (16.28)

Year FE Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes

Obs 8652 6893 8652 6893
R-squared 0.940 0.947 0.939 0.947

Note: ***, **, and * represent the significance levels of 1%, 5%, and 10%, respectively. The values in parentheses are
t-values. The following table is the same.

Such cross-group gaps stem from China’s unbalanced regional institutional develop-
ment. In less marketized inland areas, formal financial intermediaries are insufficiently
developed; relational debt built on long-term bank–firm trust bypasses rigid credit barriers
and unlocks sustained funding for firms’ long-cycle green innovation. In coastal regions
with advanced market systems, standardized legal supervision and mature institutional
investor ecosystems amplify the long-term governance value of stable equity shareholders,
who constrain corporate short-termism and push forward high-risk sustainable R&D. Mean-
while, sound formal financing channels replace informal relational lending, so relational
debt loses its marginal innovation-promoting value.

9. Conclusions and Implications
Sustainable innovation acts as the core strategic pillar for enterprises to sustain long-

term competitive advantages and advance high-quality development, while also powering
industrial upgrading and technological self-reliance across both emerging and developed
economies. As a category of long-term oriented capital, patient capital is inherently well-
matched to the characteristics of innovation activities featuring lengthy cycles, high risks
and continuous investment requirements—a theoretical logic applicable to Chinese listed
firms as well as global enterprises undergoing sustainable transformation. Based on a panel
dataset of Chinese A-share listed companies covering 2013–2024, this paper systematically
investigates how two forms of patient capital, namely stable institutional ownership and
relational debt, shape corporate sustainable innovation. We further examine the mediating
mechanism of internal control quality and the moderating boundary effect of climate
policy uncertainty.

The baseline regression results confirm that patient capital significantly facilitates
corporate sustainable innovation. Both stable institutional equity and relational debt effec-
tively boost firms’ sustainable innovation input and output, highlighting the indispensable
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role of long-term patient capital in maintaining persistent R&D investment. Mechanism
tests verify that internal control quality serves as a partial mediator between patient capital
and sustainable innovation. On the one hand, patient capital directly mitigates corporate
financing constraints. On the other hand, it motivates firms to upgrade their internal control
systems. Sound internal governance further standardizes full-cycle R&D decision-making,
cuts agency costs, and optimizes the allocation of innovation resources, ultimately lifting
firms’ capacity for sustainable innovation. Moderation analysis additionally reveals that
climate policy uncertainty positively strengthens the innovation-promoting effect of patient
capital. When climate policy volatility intensifies, patient capital’s stable funding supply
and long-term governance advantages become more valuable. Such traits help firms hedge
policy-related risks, curb managerial short-termism, and sustain continuous investment in
high-risk sustainable innovation projects.

Our heterogeneity tests document divergent effects of patient capital across distinct
firm and institutional contexts. First, the facilitating effect of patient capital is more pro-
nounced in state-owned enterprises (SOEs). SOEs predominantly engage in long-cycle,
capital-intensive basic research and core technology breakthroughs, which rely heavily
on steady long-term capital provision. Second, firm-size heterogeneity exists: stable in-
stitutional equity delivers stronger innovation incentives for small and medium-sized
enterprises trapped in financing constraints, whereas relational debt exerts comparable pos-
itive effects on both large and small firms by alleviating information asymmetry and credit
frictions. Beyond internal firm attributes including property rights and scale, we further
identify heterogeneous impacts contingent on corporate life cycles and industrial factor
intensity, as well as external institutional environments consisting of industry regulatory
regimes and regional marketization levels. In terms of life-cycle differences, stable equity
drives sustainable innovation more effectively for growth-stage and decline-stage firms,
while relational debt plays a more prominent role for mature and declining enterprises, re-
flecting heterogeneous financing demands and risk tolerance across developmental phases.
When distinguishing between competitive and regulated industries, stable equity gener-
ates robust innovation incentives in fully competitive markets yet loses its governance
effectiveness in heavily regulated sectors where corporate innovation agendas are dictated
by administrative policies. From a regional institutional perspective, relational debt built
on informal trust mechanisms delivers stronger innovation support in low-marketization
regions with underdeveloped formal financial systems; by contrast, mature market rules in
highly marketized regions unlock the governance value of stable institutional shareholders.
In respect of industrial factor intensity, patient capital yields the strongest innovation bene-
fits for technology-intensive sectors, moderate effects for capital-intensive industries, and
limited marginal impacts on labor-intensive sectors with low R&D intensity. Collectively,
these heterogeneous findings delineate clear contextual boundaries for the two types of
patient capital.

This study makes three distinct theoretical contributions to global literature spanning
corporate finance, innovation management and sustainable development. First, we confirm
the positive causal link between patient capital and sustainable innovation. By incorporat-
ing both equity-based and debt-based patient capital into a unified analytical framework,
this research extends existing studies on the economic consequences of long-term capital
and establishes an integrated, replicable theoretical paradigm for scholars in both emerging
and advanced economies exploring long-cycle corporate innovation. Second, we identify
and validate internal control as a critical governance transmission channel. Our evidence
clarifies that patient capital stimulates sustainable innovation not merely through direct
capital injection, but also by upgrading firms’ internal governance infrastructure, thereby
enriching research on the micro-mechanisms connecting long-term capital and corporate
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innovation and offering novel analytical angles for global academics. Third, we verify the
positive moderating role of climate policy uncertainty, demonstrating patient capital’s dual
function of easing financing frictions and restraining managerial myopia amid volatile
policy environments. This provides valuable empirical reference for research evaluating
how policy uncertainty shapes long-term capital allocation and corporate green innovation.
Moreover, our comprehensive heterogeneity analysis covering ownership, firm size, life cy-
cle, industrial regulation, factor intensity and regional marketization expands the research
boundary of patient capital’s conditional effects and constructs a systematic framework to
interpret the contextual constraints of long-term capital-driven innovation.

This research also yields targeted, universally applicable practical implications for
three key stakeholders: individual enterprises, institutional investors and financial interme-
diaries, as well as regulators and policy-makers, with insights adaptable to both China’s
capital market and global economies.

For enterprises worldwide, firms should tailor their financing structures to match their
sustainable innovation demands. Technology-intensive and growth-stage SMEs facing
severe financing constraints are advised to introduce long-term stable institutional investors
to secure enduring R&D funding. Mature and capital-intensive firms, by contrast, should
prioritize establishing stable long-term credit partnerships with banks to unlock contin-
uous relational debt support. Meanwhile, all firms need to perfect their internal control
frameworks to ensure patient capital is channeled into long-run innovative projects rather
than short-term speculative activities, a universal governance principle for sustainable
development across jurisdictions.

For institutional investors and financial institutions, long-term institutional share-
holders should extend their investment horizons and actively participate in corporate
governance of innovative firms to realize sustained returns while advancing green transfor-
mation. Banks and creditors ought to deepen relationship-based lending mechanisms and
scale up long-term innovation credit. Long-term bank–firm trust relationships help miti-
gate credit risks and sustain corporate innovative activities, achieving mutual benefits for
financial intermediaries and the real economy—a logic equally applicable to both emerging
and developed financial markets.

For global regulators and policy-makers, authorities can refine institutional arrange-
ments to incentivize patient capital inflows into innovative firms, including optimized
long-term performance appraisal rules for institutional investors, targeted tax incentives,
green credit programs and standardized sustainable innovation disclosure requirements.
Policy support should be differentiated according to firm ownership, scale, life cycle and
industrial characteristics to precisely match diverse innovation financing needs. Such policy
design experiences not only inform China’s high-quality development agenda but also
offer actionable references for other economies striving to advance industrial upgrading
and technological self-reliance via well-functioning long-term capital markets.

Several limitations of this study remain open to future exploration. First, this paper
measures patient capital exclusively through stable institutional ownership and relational
debt, ignoring alternative long-term capital vehicles such as government green guidance
funds and family shareholdings. Additionally, static annual indicators fail to capture
year-to-year dynamic shifts in patient capital holdings. Follow-up research can construct
a multi-dimensional composite patient capital index and adopt rolling window measure-
ments to reflect its time-varying features. Second, we only examine internal control as
the single mediating channel; other potential transmission paths including managerial
incentive schemes and green resource allocation remain underexplored. Subsequent work
can adopt parallel multiple mediation models to compare the relative strength of diverse
governance mechanisms. Third, we employ an aggregate climate policy uncertainty index
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without differentiating heterogeneous policy tools such as carbon trading mechanisms,
green subsidies and environmental regulatory constraints. Future scholars can construct
segmented CPU sub-indices to disentangle differentiated moderating effects across policy
types. Fourth, our sample is limited to Chinese A-share listed firms, lacking cross-country
comparative analysis. Cross-border discrepancies in financial systems and carbon gover-
nance architectures may alter the effectiveness of patient capital, leaving room for multi-
country sample expansion to enhance the external validity of relevant theories. In summary,
future research can deepen this field by enriching patient capital measurement approaches,
testing multiple mediating channels, conducting granular analysis of segmented climate
policies, and launching cross-national comparative investigations.
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