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Abstract. This paper investigates how the construction of data element mar-
kets—represented by the establishment of local data trading platforms and sup-
porting institutional rules—shapes green innovation in high-carbon industries.
Using a firm-level panel of China’s listed firms in high-carbon sectors from
2011 to 2023, the paper employs a multi-period difference-in-differences design
with two-way fixed effects to identify the policy effect. Results indicate that da-
ta element market construction significantly raises green innovation, with dy-
namic effects that strengthen after platform establishment and no evidence of
pre-trends. Mechanism tests reveal that the policy works by lowering data
search and compliance costs, accelerating digital transformation, and improving
access to green finance and risk pricing. Heterogeneity analyses show stronger
effects among non-state-owned firms and in regions with stricter environmental
regulation. A set of robustness checks—including alternative measurements,
sample trimming, and randomized adoption placebos—supports the main find-
ings. The paper provides actionable implications for building interoperable data
trading infrastructures and aligning data governance with low-carbon industrial
upgrading.
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1 Introduction

Achieving carbon neutrality requires accelerating green innovation in carbon-
intensive sectors such as steel, cement, chemicals, and power generation. These indus-
tries face hard-to-abate process emissions and capital lock-in, so sustained innovation
in cleaner processes, energy efficiency, and low-carbon products is essential for rec-
onciling environmental targets with productivity growth [!l. In parallel, data has been
elevated to a key production factor, and many regions are actively building data ele-
ment markets through data exchanges, standardized data products, and compliance
governance. This institutional shift can matter for green innovation because it changes
who can access high-quality operational, environmental, and supply-chain data—
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inputs increasingly needed for abatement technology development, carbon account-
ing, and green finance screening.

Yet, the green-innovation implications of data element market construction remain
underexplored at the firm level, especially for high-carbon industries where infor-
mation frictions and financing constraints are pronounced. Existing evidence is most-
ly at the city level or focuses on digital outcomes; it remains unclear whether data
market institutions themselves generate additional green innovation beyond broader
digitalization trends. Moreover, the mechanisms are not fully pinned down: data ex-
changes may (i) reduce search, verification, and compliance costs; (ii) accelerate
firms’ digital transformation and data-driven R&D; and (iii) strengthen carbon-risk
pricing and access to green finance 3,

This study addresses these gaps by exploiting the staggered establishment of local
data trading platforms as a quasi-natural experiment and estimating a multi-period
difference-in-differences model with firm and year fixed effects. Recent econometric
research cautions that conventional two-way fixed-effects event-study specifications
can be biased in staggered-adoption settings when treatment effects are heterogeneous
M; accordingly, we align our identification strategy and dynamic analyses with mod-
ern multi-period DiD frameworks. Using firm-level panel data (2011-2023), the pa-
per contributes by (1) providing causal evidence on whether data element market
construction boosts green innovation in high-carbon industries; (2) testing a mecha-
nism chain that integrates digital transformation and green finance channels; (3) offer-
ing heterogeneity evidence across ownership types and regulatory contexts; and (4)
translating findings into actionable recommendations for data governance and green
industrial upgrading.

2 Literature Review and Hypotheses

Existing studies begin to document that the development of data element markets can
stimulate green innovation at both city and firm levels. City-level evidence suggests
that data factor market development can significantly enhance urban green innovation
by reducing search and transaction costs and by improving the efficiency of factor
matching Bl. Firm-level studies further indicate that data element market construction
can promote green technology innovation through easing information asymmetry and
improving factor matching [¢1.

Green innovation research further suggests that policy and market signals translate
into cleaner technologies through firms’ innovation responses. The Porter hypothesis
argues that well-designed regulation can induce innovation offsets, and panel evi-
dence shows environmental compliance pressures are associated with increased R&D
and patenting in manufacturing. Induced innovation studies also document that energy
price signals can redirect inventive activity toward energy-efficient technologies.
These findings imply that the effect of data element market construction may be espe-
cially relevant for high-carbon industries because improved data availability and veri-
fication can strengthen the transmission of regulatory and price signals into firm-level
green innovation.
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Mechanism discussions increasingly emphasize digital transformation as a key
channel linking data market institutions to green innovation. Evidence based on the
establishment of local data trading platforms indicates that data element market con-
struction significantly accelerates corporate digital transformation, which in turn helps
firms upgrade technologies and practices that support greener innovation outcomes [,
Related research also highlights that marketization of data elements improves innova-
tion quality by facilitating a high-quality allocation of digital inputs [#1.

In addition to being an outcome of data market policies, digital transformation is it-
self a documented driver of corporate green innovation. Firm-level evidence shows
that digital transformation can increase both the quantity and quality of green patent-
ing by improving information processing, reducing internal agency problems, and
alleviating financing constraints ). From a capability perspective, data exchanges and
standardized data products can lower the fixed costs of data acquisition and integra-
tion, accelerating adoption of analytics and industrial internet applications that sup-
port cleaner production and product redesign. This literature provides a stronger be-
havioral foundation for the mediating role posited in H2.

At the institutional level, a growing body of work analyzes the governance archi-
tecture of data trading platforms and data marketplaces. Prior studies propose that
effective marketplace governance requires clear decision domains (e.g., access con-
trol, quality assurance, and compliance) and coordinated rules to support scalable,
trustworthy transactions. In parallel, institutional analyses emphasize that market-
oriented allocation of data elements hinges on innovations in data property rights and
clarifying the bundle of rights and responsibilities among data producers, processors,
and users [ Complementarily, research on data asset valuation and pricing shows
that pricing mechanisms and market structure jointly shape transaction incentives and
service levels, which are central to sustaining a healthy circulation of data assets ['!].

Financial channels also matter for green innovation in heavy industries. Empirical
evidence on the integration of digital inclusive finance and green finance indicates
that data element market construction can improve financial resource allocation and
strengthen green-oriented funding supply. At the firm level, digital transformation
may enhance carbon resilience and improve growth performance among high-carbon-
emission enterprises. In addition, studies on carbon pricing mechanisms under the
“dual-carbon” constraints underscore that carbon price signals and policy mixes affect
firms’ innovation incentives and abatement decisions .

Methodologically, estimating the policy effect of data trading platforms requires
careful handling of staggered policy adoption. Recent econometric work shows that
two-way fixed-effects estimators in staggered difference-in-differences settings can
be interpreted as weighted averages of multiple 2x2 comparisons and may yield mis-
leading dynamics when treatment effects are heterogeneous. To strengthen identifica-
tion, we employ a multi-period DiD framework and dynamic analyses consistent with
modern estimators for staggered adoption designs. Under the parallel-trends assump-
tion, this approach allows us to interpret estimated post-treatment changes in green
innovation as causal effects of data element market construction.

Based on the above literature, the following hypotheses are proposed:
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H1: Data element market construction significantly increases green innovation in
high-carbon industries.

H2: Digital transformation mediates the relationship between data element market
construction and green innovation.

H3: Green finance access and risk pricing mediate the relationship between data
element market construction and green innovation.

H4: The positive effect is stronger among non-state-owned firms and in regions
with stricter environmental regulation.

3 Data and Methodology

The empirical analysis is based on a firm-level panel of China’s A-share listed com-
panies in high-carbon industries from 2011 to 2023. High-carbon industries are identi-
fied using industry classifications that cover energy production and major carbon-
intensive manufacturing, such as power generation, steel, cement, coal, and petro-
chemicals. Green innovation is measured using green patent applications matched by
green technology classification codes, aggregated at the firm-year level. The key ex-
planatory variable captures the construction of local data element markets and equals
one for firms located in provinces after the establishment of a local data trading plat-
form and related institutional arrangements. Firm-level financial and governance con-
trols are obtained from standard financial databases. All continuous variables are
winsorized at the 1% and 99% levels.

Table 1. Variable definitions and measurement.

Symbol Variable Definition Data source
Green- Green  innovation In(l + number of green invention patent ~CNIPA green patent
Innov output applications) match

1 if province has established a data o
DataMar- Data element . . Provincial platform

. trading platform and supporting rules by

ket market construction records

year t
Digital- Digital transfor-  Text-based digital transformation index  Annual reports; digital
Trans mation or digital investment intensity keywords
Green- Green finance = Composite index of green credit and Financial statements;
Finance access financing constraints green credit
Size Firm size Natural log of total assets Financial database
Leverage Leverage ratio Total liabilities / total assets Financial database
ROA Profitability Net profit / total assets Financial database
Age Firm age Years since listing Exchange records

Table 1 summarizes the definitions, measurements, and data sources of the key
variables used in the empirical analysis.
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3.1 Baseline Model

The baseline specification adopts a multi-period difference-in-differences model with
firm and year fixed effects:

Greenlnnov_{i,t} = a + B-DataMarket_{p,t} + y'X_{i,t} + pui + A_t +
e{i, t} (1

In the equation, i denotes firm, p denotes province, and t denotes year. X {i,t} is a
vector of firm controls, | i captures time-invariant firm heterogeneity, and A t cap-
tures common shocks.

3.2  Dynamic Effects and Parallel Trends

To verify parallel trends and inspect dynamic impacts, an event-study specification is
estimated by replacing DataMarket {p,t} with a set of event-time indicators:

Greenlnnov_{i,t} = a + X _{k # —1}6_k - 1[EventTime = k] + y'X_{i,t} +
pi + At + e.{i, t} 2)
3.3  Mechanism Tests

Mechanism tests employ mediation-style regressions where DigitalTrans and Green-
Finance serve as intermediate variables:

Mediator_{i,t} = a + 0 -DataMarket_{p,t} + p'X _{i,t} + pui + A_t +

v {i,t} 3)
Greenlnnov_{i,t} = a + B -DataMarket_{p,t} + w- Mediator_{i,t} +
Y'X {i,t} + pi + At + i, t} 4)

4 Empirical Results

Descriptive statistics are reported in Table 2; baseline regression results are presented
in Table 3, and dynamic policy effects are plotted in Fig. 1.

Table 2. Descriptive statistics.

Variable Mean Std. Dev. Min Max
Greenlnnov -0.304 0.636 -2.774 1.790
DataMarket 0.447 0.497 0.000 1.000
DigitalTrans 0.233 0.442 -1.382 1.882
GreenFinance 0.121 0.328 -0.937 1.347
Size 22.215 1.010 18.723 26.262
Leverage 0.450 0.148 0.050 0.950
ROA 0.050 0.040 -0.095 0.186

Age 22.101 10.130 5.000 39.000
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Table 3. Baseline effect of data element market construction on green innovation.

Variable Model (1)
0.286%***
DataMarket
ataMarke 0.025)
Size 0.041%**
(0.007)
Leverage -0.081%
g (0.049)
0.334*
ROA
(0.178)
-0.000
A
g¢ (0.001)
Firm FE Yes
Year FE Yes
Observations 7800
Adj. R2 0.021

Table 3 reports the baseline estimates. The coefficient on DataMarket is positive
and statistically significant at the 1% level, indicating that platform establishment and
institutional construction of data element markets increase green innovation in high-
carbon industries after controlling for firm characteristics and two-way fixed effects.
In magnitude, the estimated effect corresponds to a meaningful increase in green pa-
tent output, consistent with the view that data circulation lowers innovation frictions.

Event-Study Estimates: Parallel Trends and Dynamic Effects

aa

o o
w IS
) )

o
-

<)

<)
——
—
—

-4 -2 0 2 4
Event Time (years relative to platform establishment)

Coefficient on event-time indicator
o
N
——
——
——

Fig. 1. Event-study estimates of dynamic policy effects (95% confidence intervals).

As shown in Fig. 1, the pre-policy coefficients are close to zero, supporting the
parallel trends assumption. Post-establishment effects become positive and grow over
time, suggesting that the benefits of data element market construction materialize
gradually as platforms mature and complementary governance rules take effect.
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Table 4. Mechanism tests: digital transformation and green finance channels.

Model (2): Digital- Model (3): Green- Model (4): Green-

Variable
Trans Finance Innov
0.295%** 0.237*** 0.232%**
DataMarket
(0.018) (0.013) (0.026)
0.123%**
DigitalTrans — —
(0.018)
. 0.073***
GreenFinance — —
(0.023)
Controls Yes Yes Yes
Firm FE Yes Yes Yes
Year FE Yes Yes Yes
Observations 7800 7800 7800
Adj. R2 0.038 0.045 0.028

Table 4 supports the proposed mechanisms. Data element market construction sig-
nificantly increases the digital transformation index and improves green finance ac-
cess. When both mediators enter the outcome regression, the direct effect of
DataMarket attenuates while both mediators remain positive and significant, con-
sistent with partial mediation.

4.1 Heterogeneity Analyses

Table 5. Heterogeneity results (key coefficient on DataMarket).

Group Coef. on DataMarket Obs.
SOEs 0.250%** (0.045) 2717
Non-SOEs 0.302%** (0.031) 5083
High EnvReg 0.324%** (0.031) 3900
Low EnvReg 0.276*** (0.033) 3900

As shown in Table 5, the policy effect is stronger among non-state-owned enter-
prises, consistent with higher sensitivity to information frictions and financing con-
straints. Moreover, regions with stricter environmental regulation exhibit larger inno-
vation responses, suggesting complementarity between data market institutions and
regulatory pressure.

4.2 Robustness Checks

Table 6. Robustness checks.

Specification Key coef. Obs.
Baseline (FE) 0.286*** (0.025) 7800
Winsorized GI (1-99%) 0.281*** (0.025) 7800
Exclude 2020-2023 0.276*** (0.029) 5400
Continuous DEM index 0.321*** (0.029) 7800
Randomized adoption (placebo)  0.034 (0.027) 7800
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Table 6 summarizes the robustness checks. The estimated effect remains stable un-
der winsorization, sample exclusions, and alternative measurements of data market
construction. A randomized adoption placebo yields an insignificant coefficient, re-
ducing concern that the results are driven by spurious time patterns.

5 Discussion and Policy Implications

The results suggest that data element market construction can function as a cross-
cutting institutional lever that complements conventional environmental regulation by
improving the information infrastructure needed for green innovation in carbon-
intensive industries. Consistent with the mechanism tests, data trading platforms ap-
pear to reduce data search and verification costs, accelerate digital transformation, and
strengthen green-oriented financial allocation. In high-carbon sectors—where emis-
sions monitoring, process optimization, and supply-chain coordination are particularly
data-intensive—these channels help explain why the estimated effect is economically
meaningful and more pronounced for firms facing tighter regulatory constraints and
stronger innovation incentives.

Policy implications can be made more actionable by tailoring recommendations to
specific stakeholders: (1) Government bodies and regulators should (a) prioritize in-
teroperable standards for data product definition, metadata, and audit-ready compli-
ance; (b) harmonize data-rights rules with environmental MRV and carbon account-
ing standards so that carbon-related datasets can be legally shared and verified; and
(c) use targeted incentives to encourage participation by high-carbon firms with high
abatement potential. (2) Data exchanges and platform operators should (a) develop
sector-specific “green data product” catalogs , (b) provide secure sandboxes and pri-
vacy-preserving computation services to lower compliance barriers, and (c) publish
transparent pricing and quality-assurance protocols to build trust. (3) Private firms—
especially in heavy industry—should strengthen internal data governance (data own-
ership mapping, quality control, and security) and integrate platform datasets into
digital transformation roadmaps for cleaner production and green R&D; firms can
also form data-sharing alliances with suppliers to unlock supply-chain emissions re-
ductions. (4) Financial institutions should embed platform-verified datasets into ESG
and carbon-risk models, expand green credit and supply-chain finance products linked
to measurable emissions performance, and use transaction histories to reduce adverse
selection in green lending. (5) Research institutions should work with exchanges and
regulators to develop open (or controlled-access) benchmark datasets, evaluation
metrics, and causal evidence on which data products and governance designs most
effectively translate into green innovation.

Finally, the study is primarily quantitative and relies on policy shocks and adminis-
trative records. A natural next step is to incorporate primary qualitative data—such as
semi-structured interviews with platform operators, compliance officers, and R&D
managers in high-carbon firms—to validate mechanism micro-foundations. Future
mixed-method designs can also help uncover implementation bottlenecks, such as
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data quality heterogeneity and cross-platform fragmentation, thereby improving the
external validity and practical guidance of data factor market policies.

6 Conclusion

This paper examines the impact mechanism of data element market construction on
green innovation in high-carbon industries using firm-level panel evidence from 2011
to 2023. Multi-period difference-in-differences estimates show a statistically and
economically significant increase in green innovation after the establishment of local
data trading platforms. Dynamic analysis indicates no pre-trends and growing post-
policy effects. Mechanism tests highlight the roles of digital transformation and green
finance, while heterogeneity analyses underscore complementarity with environmen-
tal regulation and stronger effects among non-state-owned firms. The results support
the view that well-governed data factor markets can contribute to decarbonization by
reducing innovation frictions and improving the allocation of digital and financial
resources.
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