Appendix A: Conceptual Framework and Core Characteristics of Transition Finance
A.1 Conceptual Framework of Transition Finance
Concept and core characteristics of transition finance. The concept of transition finance was formally articulated in international policy discussions after 2019. It refers to financial activities that support high-emission firms, assets, or economic activities in moving toward low-carbon, climate-resilient, and ultimately net-zero pathways. Unlike conventional green finance, which mainly supports already-green or near-zero-carbon projects, transition finance is designed for existing carbon-intensive entities whose decarbonization requires staged investment, technological upgrading, credible transition plans, and continuous performance monitoring. The G20 Sustainable Finance Report defines transition finance as financial services that support the transition of the whole economy toward low-carbon and net-zero emissions and climate resilience under the sustainable development framework. Although definitions differ across the G20, OECD, ICMA, CBI, the European Union, and national regulators, most definitions share two core elements: first, transition finance targets carbon-intensive sectors or activities that cannot immediately become zero-carbon; second, it requires financing to be linked to verifiable transition activities, such as energy-efficiency upgrading, cleaner production, low-carbon process transformation, fuel substitution, carbon capture, and measurable reductions in emissions intensity.
A.2 Core Differences Between Transition Finance and Green Finance
To clearly define the scope of this study, Table A1 compares transition finance and green finance across several dimensions. The key distinction lies in the object of support. Green finance primarily supports pure green or near-zero-carbon activities, while transition finance supports the low-carbon upgrading process of existing high-emission firms and assets. This distinction is particularly important for the empirical design of this paper. Because transition finance became a formal policy and market concept only after 2019, some pre-2019 financial instruments issued under the green-finance label may still be treated as transition-oriented support when their disclosed use of proceeds can be verified as directly financing the low-carbon upgrading of existing carbon-intensive operations.
Table A1. Comparison Between Transition Finance and Green Finance
	Dimension
	Transition Finance
	Green Finance

	Core concept
	Supports process-based decarbonization and the gradual transformation of carbon-intensive firms, assets, and production systems.
	Supports pure green or near-zero-carbon economic activities.

	Primary objective
	Promote credible, measurable, and staged low-carbon transition in high-emission sectors.
	Directly support activities with clear positive environmental benefits, such as renewable energy and pollution control.

	Supported entities and activities
	Existing high-emission firms or activities with credible transition plans, including energy-efficiency upgrading, fuel substitution, cleaner production, and carbon capture.
	Purely green or near-zero-carbon activities, such as renewable energy generation, ecological conservation, green transport, and pollution treatment.

	Disclosure and verification requirements
	Requires transition pathways, baseline emissions, targets, key performance indicators, use-of-proceeds disclosure, progress tracking, and often third-party verification.
	Emphasizes use of proceeds, project eligibility, and expected or realized environmental benefits.

	Typical instruments
	Transition bonds, transition loans, sustainability-linked bonds, sustainability-linked loans, and other instruments linked to transition performance.
	Green bonds, green loans, green funds, green insurance, and other products supporting green projects.

	Empirical boundary in this study
	Includes verified transition-finance instruments and pre-2019 green-finance instruments only when the use of proceeds directly supports low-carbon upgrading of existing high-emission operations.
	General green finance for pure green projects or unrelated green subsidiaries is not coded as transition-finance treatment.


Appendix B: Construction and Description of Core Variables
B.1 Verified Transition Finance Support and Treatment Timing
The core explanatory variable in this study is not constructed from textual disclosure or principal component analysis. Instead, treatment status is anchored in verified financing events. A firm is coded as receiving transition-finance support when it obtains an auditable financing instrument whose use of proceeds, sustainability performance targets, or disclosed financing purpose can be linked to the low-carbon upgrading of existing carbon-intensive operations. Eligible evidence includes transition-bond prospectuses, sustainability-linked bond or loan documents, transition-loan announcements, exchange filings, annual reports, CSR or ESG reports, and other publicly available financing documents.
Let G_i denote the first fiscal year in which firm i receives verified transition-finance support. The treatment-status variable Tran_i,t equals one for firm-year observations with t >= G_i and zero otherwise. Firms that never receive verified support during the sample period remain in the comparison group. The dynamic event-study specification uses relative-year indicators around G_i and omits the year immediately before the first verified support event, k = -1, as the reference period. The baseline effect reported in the main text is the aggregated post-treatment average treatment effect on the treated.
In addition to treatment status, the study records the verified financing amount. The amount-based variable, TFAmount_i,t, is measured as the natural logarithm of one plus the verified transition-finance amount scaled by total assets. This measure is used for intensity-related supplementary analysis. Textual disclosure of transition-related terms is not used to define the main treatment variable, because disclosure language may reflect strategic communication rather than substantive capital support.
Table B1. Identification Rules for Verified Transition-Finance Support
	Identification element
	Inclusion rule
	Accepted evidence
	Coding rule
	Exclusion rule

	Post-2019 transition-finance instruments
	Included when the instrument is explicitly labelled or structured as transition finance, transition bond, transition loan, or sustainability-linked finance.
	Prospectuses, loan announcements, exchange filings, annual reports, CSR/ESG reports, and disclosed KPI documents.
	The first verified receipt year is coded as G_i; Tran_i,t = 1 for t >= G_i.
	Excluded if no firm-level financing event or transition-related use of proceeds can be verified.

	Pre-2019 green-finance instruments
	Included only when the use of proceeds directly supports low-carbon upgrading of existing high-emission operations.
	Green-bond or green-loan documents, project descriptions, annual reports, and disclosed fund-allocation information.
	Accepted as transition-oriented support if the project upgrades existing carbon-intensive production rather than financing unrelated green activities.
	Excluded if the funds support pure green projects, unrelated subsidiaries, or general environmental activities outside the firm's carbon-intensive operations.

	Sustainability-linked instruments
	Included when financing terms are linked to transition KPIs such as emissions intensity, energy efficiency, cleaner production, or green technology upgrading.
	SLB/SLL documents, KPI target documents, annual progress reports, or third-party verification documents.
	Treatment begins in the first year of verified issuance or receipt.
	Excluded if KPIs are generic ESG indicators without a credible low-carbon transition link.

	Transition-finance amount
	Recorded when the financing amount is disclosed or can be inferred from issuance size.
	Issuance amount, loan amount, prospectus information, or public financing announcements.
	TFAmount_i,t = ln(1 + verified transition-finance amount / total assets).
	No amount is imputed from textual claims alone.

	Textual disclosure
	Used only as auxiliary validation of transition-related narratives and not as the main treatment definition.
	Annual reports, CSR reports, ESG reports, and management discussion sections.
	Keyword frequencies can be standardized for supplementary descriptive checks.
	Textual statements without verified financing events do not generate treatment status.


B.2 Textual Dictionary for Auxiliary Validation
Although textual disclosure is not used to construct the main explanatory variable, the study retains a transition-finance keyword dictionary for auxiliary validation and measurement transparency. The dictionary is built from three sources: international transition-finance frameworks and policy documents, academic literature on transition finance and green finance, and frequently used terms in corporate annual reports, CSR reports, ESG reports, and financing prospectuses.
Because the formal concept of transition finance emerged after 2019, the dictionary also includes selected green-finance terms such as green bonds, green credit, and green loans. These terms are not automatically treated as transition-finance support. They are used to help locate relevant documents, after which manual verification determines whether the disclosed funds support low-carbon upgrading of existing carbon-intensive operations.
The final keyword set is classified into three categories:
(1) Transition finance instruments and policy frameworks: transition finance, transition bonds, transition loans, transition funds, sustainability-linked bonds, sustainability-linked loans, carbon-emission reduction support instruments, transition policies, transition frameworks, transition taxonomy, climate transition finance, just transition, green bonds, green credit, green loans, and green finance.
(2) Action pathways and technological solutions: transition activities, transition projects, low-carbon transition, carbon emission reduction, carbon capture, energy efficiency improvement, cleaner production, energy saving and carbon reduction, pollution and carbon reduction, climate mitigation, climate adaptation, and low-carbon technological upgrading.
(3) Strategic management and targets: transition strategy, transition pathway, transition targets, transition plan, transition risk, carbon risk, carbon footprint, emissions-intensity target, sustainability performance target, environmental responsibility, and ESG governance.
B.3 Measurement Details of Other Variables
Corporate ESG Performance (ESG_i,t).
Corporate ESG performance is measured using the Huazheng ESG rating. The rating system evaluates firms across environmental, social, and governance dimensions and is widely used in studies of Chinese listed companies.
Green Capital Expenditure (GreenCapEx).
Green capital expenditure is measured as verified green capital expenditure scaled by total assets. It includes investment in energy-saving equipment, environmental protection facilities, cleaner production projects, green technological upgrading, and low-carbon process transformation. The classification follows the Green Industry Guidance Catalogue and firm-level disclosures on project use of funds.
Green Invention Patents (GreenPatent).
Green technological innovation is measured by the natural logarithm of one plus the number of green invention patent applications filed by a firm in a given year. Green patents are identified using environmental-technology-related IPC codes, and the data are obtained from official patent databases and matched to listed firms.
Carbon-Emission Intensity (CarbonIntensity).
Carbon-emission intensity is measured as total carbon emissions divided by operating revenue. This revenue-based measure captures the amount of carbon emissions generated per unit of business output; a lower value indicates better environmental performance. This variable is used as the main environmental-outcome mechanism in the mechanism tests.
Path Dependence and Technological Lock-in.
Path dependence is proxied by the share of carbon-intensive assets, calculated as the net value of carbon-intensive fixed assets divided by total assets. Technological lock-in is measured by the share of traditional technology patents, defined as patents related to fossil-energy utilization and carbon-intensive production processes divided by the total number of patents.
Appendix C: Supplementary Empirical Diagnostics
C.1 Auxiliary Instrumental-Variable Diagnostics
The instrumental-variable analysis is used as auxiliary evidence to address residual endogeneity concerns rather than as a replacement for the baseline staggered DID design. The instrument, BartikIV, interacts firms' initial external financing dependence with the national growth of transition-finance instruments. Several diagnostic tests are reported in Table C1. The excluded-instrument first-stage F-statistic is 35.127, exceeding the conventional threshold of 10. The Kleibergen-Paap rk LM statistic rejects the null of underidentification. The Kleibergen-Paap rk Wald F statistic also exceeds the Stock-Yogo critical value at the 10% level, suggesting that weak-instrument concerns are limited.
Table C1. Auxiliary Instrumental-Variable Diagnostic Tests
	Test item
	Statistic name
	Statistic value
	p-value
	Decision threshold
	Conclusion

	Excluded instrument relevance
	First-stage F-statistic
	35.127
	
	> 10
	Reject the weak-instrument concern.

	Underidentification
	Kleibergen-Paap rk LM statistic
	26.452
	0.0001
	p < 0.1
	Reject the null of underidentification.

	Weak-instrument robustness
	Kleibergen-Paap rk Wald F statistic
	36.891
	
	Stock-Yogo 10% critical value = 16.38
	The statistic exceeds the critical value.


C.2 Balance Test for Propensity Score Matching (PSM)
To mitigate potential self-selection based on observable characteristics, the study uses a 1:2 nearest-neighbor propensity score matching procedure as a robustness check. Treated firms are firms that receive verified transition-finance support during the sample period, while comparison firms are not-yet-treated or never-treated firms. Matching is based on pre-treatment firm characteristics, including firm size, age, leverage, profitability, receivables, fixed assets, cash holdings, board size, independent-director ratio, ownership concentration, shareholding structure, management expenses, and tunneling-related variables. After matching, all standardized biases fall below the conventional 10% threshold, and the t-tests show no significant covariate differences between treated and comparison firms, indicating that the matched sample is balanced.
Table C2. Balance Test Before and After PSM Matching
	Covariate
	Matching status
	Treated group mean
	Comparison group mean
	Standardized bias (%)
	Bias reduction (%)
	t-value
	p-value

	size
	Unmatched
	22.894
	22.178
	28.6
	-
	12.45
	0.000

	
	Matched
	22.891
	22.845
	1.8
	93.7
	0.73
	0.465

	age
	Unmatched
	2.512
	2.246
	23.4
	-
	10.18
	0.000

	
	Matched
	2.509
	2.487
	2.1
	91.0
	0.84
	0.401

	lev
	Unmatched
	0.452
	0.392
	31.2
	-
	13.56
	0.000

	
	Matched
	0.451
	0.446
	2.5
	92.0
	1.02
	0.308

	roa
	Unmatched
	0.052
	0.040
	20.8
	-
	9.04
	0.000

	
	Matched
	0.052
	0.051
	1.4
	93.3
	0.56
	0.576

	rec
	Unmatched
	0.078
	0.086
	-10.5
	-
	-4.57
	0.000

	
	Matched
	0.078
	0.079
	-1.2
	88.6
	-0.48
	0.631

	fixed
	Unmatched
	0.314
	0.286
	17.8
	-
	7.74
	0.000

	
	Matched
	0.313
	0.309
	2.3
	87.1
	0.92
	0.358

	cash
	Unmatched
	0.068
	0.060
	12.3
	-
	5.35
	0.000

	
	Matched
	0.068
	0.067
	1.5
	87.8
	0.61
	0.542

	board
	Unmatched
	2.174
	2.144
	15.0
	-
	6.52
	0.000

	
	Matched
	2.173
	2.169
	1.9
	87.3
	0.76
	0.447

	indep
	Unmatched
	0.374
	0.370
	7.7
	-
	3.35
	0.001

	
	Matched
	0.374
	0.373
	1.3
	83.1
	0.52
	0.603

	top1
	Unmatched
	35.426
	34.308
	7.5
	-
	3.26
	0.001

	
	Matched
	35.401
	35.182
	1.5
	80.0
	0.59
	0.555

	share
	Unmatched
	0.084
	0.106
	-13.3
	-
	-5.79
	0.000

	
	Matched
	0.084
	0.086
	-1.2
	91.0
	-0.48
	0.631

	manfee
	Unmatched
	0.071
	0.077
	-12.1
	-
	-5.26
	0.000

	
	Matched
	0.071
	0.072
	-1.6
	86.8
	-0.64
	0.522

	tunnel
	Unmatched
	0.342
	0.368
	-6.2
	-
	-2.70
	0.007

	
	Matched
	0.342
	0.347
	-1.1
	82.3
	-0.44
	0.660


