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How Environmental Regulation Influences the Relation Between FDI and Carbon Dioxide Emissions: Empirical Evidence From Emerging and Developed Economies
Response Letter to Reviewers’ Comments

Dear Editors and Reviewers,
We sincerely appreciate your previous time in reviewing and providing valuable comments for our paper, previously titled “How Environmental Regulation Influences the Relation Between FDI and Carbon Emissions: Empirical Evidence From Emerging and Developed Economies”. 
We have carefully considered the comments and tries our best to address every one of them. We hope the manuscript after careful revisions meets the journal’s high standards.
Below we provided the point-by-point responses. 

Comments from the Editor:
This manuscript addresses an important and timely topic—the moderating role of environmental regulation in the FDI–CO2 emissions nexus—by distinguishing between emerging and developed economies. The empirical strategy (PMG-ARDL) and dataset (1990–2020 for 39 countries) are appropriate and offer policy-relevant findings. However, some issues related to conceptual clarity, empirical robustness, and interpretation of findings should be addressed before publication.
Response: 
I sincerely thank the editor and all the reviewers for their thorough evaluation and valuable comments. I have carefully revised the manuscript to enhance its clarify and facilitate the understanding of the readers. My point-to-point responses are presented in the following. I hope that the revision has satisfactorily addressed the comments and concerns of the editors and reviewers. 
1. The manuscript refers to multiple hypotheses (Pollution Haven, Pollution Halo, Porter Hypothesis, Green Paradox) but lacks a clearly organized conceptual framework that guides hypothesis formulation and interpretation. Consider presenting a diagram or summary table clarifying how FDI, environmental regulation, and CO2 emissions are expected to interact under each hypothesis and across development stages.
Response: 
Thank you for your valuable comments. A new figure is added in the Introduction section that graphically illustrates the expected interactions between FDI, environmental regulation, and CO2 emissions under each of the four hypotheses. This figure distinguishes the scenarios in emerging economies and developed economies shown in Figure 2, as suggested. A summarizing paragraph is added following the Figure 1 and Figure 2 accordingly. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Added Text: 
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Figure 1 Conceptual framework of the interactions between FDI, environmental regulation, and CO2 emissions
Note: Solid arrows represent direct effects; dashed arrows represent expected moderating effects of environmental regulation on the FDI–CO2 emissions relationship. 

[image: 黑暗中的树

低可信度描述已自动生成]
Figure 2 Distribution of developed and emerging economies
Figure 1 and Figure 2 show the conceptual framework and the sample economies in this study. In emerging economies, FDI is expected to raise CO2 emissions, which is consistent with the pollution haven hypothesis. In line with the green paradox hypothesis, environmental regulation is expected to inadvertently cause higher CO2 emissions and amplify the emission-increasing effect of FDI. In developed economies, FDI is expected to decrease CO2 emissions, which is consistent with the pollution halo hypothesis. Meanwhile, environmental regulation, as posited by the Porter hypothesis, is anticipated to reduce CO2 emissions and enhance the emission-reduction effect of FDI.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
2. The analysis assumes exogeneity of FDI and environmental regulation, yet both are likely endogenous (e.g., CO2 levels may influence regulatory strictness or FDI inflows). Discuss this limitation clearly or consider instrumental variable approaches or system GMM in robustness checks if data allow.
Response: 
Thank you for this insightful comment. We acknowledge the potential risk that FDI and environmental regulation may be endogenous to CO2 emissions through reverse causality and simultaneity. However, introducing valid external instruments is not feasible due to data limitations. To address this, we note in the Results and Discussion section that our baseline PMG-ARDL specification mitigates simultaneity by using lagged regressors and an error-correction term. We further conducted Dumitrescu–Hurlin panel Granger causality tests (Table 7) and re-estimated the models with alternative outcomes—IPCC energy-sector CO2 and IEA non-renewable energy use (Table 8), which are both consistent with long-run patterns. Finally, we added a Limitations and Future Research in the Results and Discussion section to explicitly discuss endogeneity concerns and temper causal language throughout the paper.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Added Text: 
While empirical evidence reveals the complex mechanisms linking FDI, environmental regulation, and CO2 emissions, concerns remain regarding the potential endogeneity of environmental regulation and FDI, which could be explored in future research when richer datasets become available.  
First, FDI and environmental regulation could be endogenous to CO2 emissions due to reverse causality (e.g., emissions driving regulatory responses), simultaneity (policy and investment jointly determined), and omitted institutional shocks. Our PMG-ARDL approach mitigates these concerns by incorporating lagged regressors and an error-correction mechanism. Granger causality tests (Table 7) indicate that CO2 predicts environmental regulation and FDI in emerging economies, and that CO2, environmental regulation, and FDI display dynamic feedback in developed economies. Using two alternative dependent variables—energy-sector CO2 and non-renewable energy consumption—yields consistent long-run coefficients (shown in Table 8). While we refrain from structural causal claims, the convergence of evidence suggests our associations are robust to mechanical reverse timing and single outcome definitions. Future work could adopt credible instrumental variable strategies or dynamic GMM designs as data availability improves.  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
3. The OECD EPS index is not available for many emerging economies. The paper should clarify how this variable was constructed or imputed for non-OECD members. Include a detailed appendix explaining how EPS scores were obtained for all countries, and discuss possible measurement biases.
Response: 
Thank you for the valuable comment. We have added Appendix I to detail the construction of the composite EPS index for all economies, including non-OECD members, with data sources, imputation procedures, and underlying assumptions. In addition, we added a paragraph to discuss possible measurement biases in the Empirical Method section.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Added Text:  
According to OECD (2022), the EPS index was constructed using multiple sources, including OECD, IEA, national statistics, and country-specific datasets (see Appendix I). About 85% of the observations are based on original data, while the remaining missing values were imputed through rule-based interpolation. Despite these efforts, potential measurement biases may remain. For example, cross-country heterogeneity in policy definitions and reporting standards, possible misclassification when policies are adopted intermittently, and smoothing effects from interpolation that may mask genuine structural differences. In addition, reporting bias may occur in non-OECD economies where data are self-reported and institutional capacities are weaker, leading to potential under- or over-estimation of policy stringency.
[bookmark: OLE_LINK2]Appendix I Details on the calculation of the composite OECD EPS composite index (OECD 2022)
	Instrument
	Definition
	Unit
	Weight in the overall index

	Non-market-based instrument
	
	
	

	Emission limit value for NOx
	Maximum concentration of nitrogen dioxide emissions permitted for a large, newly built coal-fired power plant.
	mg/m3
	8.25%

	
	
	
	

	Emission limit value for SOx
	The maximum concentration of sulphur dioxide emissions permitted for a large, newly built coal-fired power plant.
	mg/m3
	8.25%

	
	
	
	

	Emission limit value for PM
	The maximum concentration of particulate matter (PM) emissions permitted for a large, newly built coal-fired power plant.
	mg/m3
	8.25%

	
	
	
	

	Sulphur content limit for diesel
	The maximum concentration of sulphur permitted in diesel for automobiles.
	parts per million (ppm)
	8.25%

	Market-based instrument
	
	
	

	CO2 certificate
	The cap on the total amount of CO2 emissions that can be emitted.
	USD/tonne CO2
	5.5%

	
	
	
	

	Renewable energy certificates
	The system for trade in renewable energy certificates based on the obligation to source a mandated percentage of electricity from green sources. The higher this percentage the more stringent the policy.
	%
	5.5%

	
	
	
	

	CO2 taxes
	The tax rate for CO2 emissions.
	USD/tonne CO2
	5.5%

	
	
	
	

	NOx taxes
	The tax rate for NOx emissions.
	USD/tonne CO2
	5.5%

	
	
	
	

	SOx taxes
	The tax rate for SOx emissions.
	USD/tonne CO2
	5.5%

	
	
	
	

	Fuel taxes (diesel)
	The tax for a litre of diesel fuel used in transport for industry as a share of the pre-tax diesel price, calculated by dividing the tax on diesel by the national pre-tax price paid by industry for diesel.
	USD/Litre
	5.5%

	Technology support
	
	
	

	R&D expenditure
	The amount spent by the government for R&D on low-carbon energy technologies relative to the size of the country's nominal GDP. Calculated by dividing a country’s public R&D expenditure by its nominal GDP. The value is multiplied by 1000 for readability.
	%
	16.5%

	
	
	
	

	Adoption support solar
	The level of the price support for solar energy technologies from feed-in tariffs (FIT) and renewable energy auctions, relative to the global levelized cost of electricity.
	ratio of the price support (in USD/kWh) to the LCOE (in USD/kWh)
	8.25%

	
	
	
	

	Adoption support wind
	The level of the price support for wind energy technologies from feed-in tariffs (FIT) and renewable energy auctions, relative to the global levelized cost of electricity.
	ratio of the price support (in USD/kWh) to the LCOE (in USD/kWh)
	8.25%


Note: The table shows the weighting structure of the EPS index for the OECD and the non-OECD economies covered in this study (Brazil, China, India, Indonesia, Russia, South Africa). Details are provided by OECD (2022). 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
4. The discussion overemphasizes long-run effects but underexplains the policy implications of non-significant short-run effects. Elaborate on why short-run effects are insignificant and whether this is due to adjustment lags, policy enforcement delays, or modeling limitations.
Response: 
Thanks for the valuable comment. We have added explicit discussion on the lack of statistically significant short-run effects and its policy implications in the Results and Discussion section. Specifically, we argue that the insignificant short-run impact of FDI on CO2 emissions may be attributed to three main factors: adjustment lags, policy enforcement delays, and modeling limitations.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Added Text:
[bookmark: OLE_LINK13]Although the short-run coefficients of FDI and environmental regulation are largely statistically insignificant, this does not necessarily imply ineffectiveness. Instead, it likely reflects structural and temporal features inherent in policy transmission and investment dynamics. First, FDI-driven technological or structural changes often take time to happen. Foreign firms may delay operational scaling, technology deployment, or emissions abatement upgrades, resulting in adjustment lags that obscure short-term environmental impacts. Second, environmental regulations generally experience implementation delays. Even after new rules are adopted, enforcement often adjusts gradually because of institutional constraints and limited compliance capacity. This weakens the immediate influence of policy changes on emission behavior. The absence of a short-run ER×FDI effect is consistent with adoption frictions and adjustment costs, as cleaner technologies and compliance upgrades take time to materialize (Acemoglu et al. 2007, 2016). These factors delay the moderating role of environmental regulation, so effects emerge mainly in the long run while short-run coefficients remain small or insignificant. Lastly, the ARDL model emphasizes long-run equilibrium relationships, and may have limited sensitivity to transient or weak short-run signals. In summary, our empirical results underscore the importance of sustained efforts and realistic timeframes in designing and evaluating environmental policies.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
5. The manuscript mentions 39 countries but does not justify the selection criteria in detail (e.g., why include South Korea as a developed economy despite non-Annex I status?). Clarify the classification criteria (Annex I/II vs. IMF), especially given the significant heterogeneity within these groups.
Response: 
Thanks for your comments on the clarification of the classification criteria. In the revised manuscript, we explain that our grouping combines the UNFCCC Annex I/II framework with the IMF World Economic Outlook (2024) classification. This approach captures both historical climate policy commitments and current economic development levels. As a result, some economies (e.g., South Korea, Türkiye) appear in a different category from their Annex I/II status, reflecting their present-day macroeconomic classification by the IMF. This hybrid method allows us to better account for heterogeneity between developed and emerging economies in our 1990–2020 panel while providing contemporary policy recommendations. The paragraph that describes how we defined “developed” and “emerging” economies in our sample has been revised in the Empirical Method Section.  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Original Text:
Drawing on the classifications by the Kyoto Protocol and the Paris Agreement, we divide panel annual data of 39 economies into two income groups representing the IPCC Annex I and II parties, and the IPCC Non-Annex I parties to examine the heterogeneity from 1990 to 2020. Following the country classification used in the IMF World Economic Outlook in 2024, we classify the 39 economies into 9 emerging economies representing the IPCC Annex I and II parties and 30 developed economies representing the IPCC Non-Annex I parties. Though the IMF classification is not strictly consistent with the UNFCCC party’s classification, it generally reflects the development differences for the above-mentioned economies. Among emerging economies, Türkiye is an IPCC Annex I party. Among developed economies, South Korea belongs to the Non-Annex I parties. Emerging economies include Brazil, Chile, China, India, Indonesia, Mexico, Russia, South Africa, and Türkiye. Developed economies include Australia, Austria, Belgium, Canada, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Luxembourg, Netherlands, New Zealand, Norway, Poland, Portugal, Slovakia, Slovenia, South Korea, Spain, Sweden, Switzerland, United Kingdom, United States. Missing data for variables are interpolated by the linear interpolation method. During interpolation, we set a non-negative constraint on RD and RE and replaced any values below 0 with 0 to ensure R&D and renewable energy rate values align with actual conditions. 
Revised Text: 
To ensure consistency in our empirical analysis while capturing heterogeneity between developed and emerging economies, we combined classifications from the United Nations Framework Convention on Climate Change (UNFCCC) and the International Monetary Fund (IMF). Specifically, we referred to the Kyoto Protocol and Paris Agreement’s definitions of Annex I/II and Non-Annex I parties, which broadly distinguish industrialized from developing countries in the climate governance framework. We then adopted the IMF World Economic Outlook (2024) classification to determine the “developed” and “emerging” groupings in our sample, as the IMF classification better reflects the current economic development status and aligns with macroeconomic datasets. This approach resulted in 30 developed economies (including some Non-Annex I parties such as South Korea) and 9 emerging economies (including Türkiye, an Annex I party). Emerging economies include Brazil, Chile, China, India, Indonesia, Mexico, Russia, South Africa, and Türkiye. Developed economies include Australia, Austria, Belgium, Canada, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Luxembourg, Netherlands, New Zealand, Norway, Poland, Portugal, Slovakia, Slovenia, South Korea, Spain, Sweden, Switzerland, United Kingdom, United States. While this hybrid classification is not strictly consistent with UNFCCC groupings, it balances the historical climate policy commitments reflected in Annex I/II with the present-day economic structures captured by the IMF classification, enabling a more relevant heterogeneity analysis over 1990–2020.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
6. The title is long and can be tightened (e.g., drop “Empirical Evidence…”).
Response: 
Thank you for your comment. The title has been revised to improve its clarity and conciseness. The new title is: “How Environmental Regulation Influences the Relationship Between FDI and Carbon Dioxide Emissions.” We believe this shorter title gives a sharper impression of the paper’s content while preserving the key information about the scope of the study.
7. Abstract is technically dense. Consider simplifying for broader readability.
Response: 
Thank you for the comment. We have simplified the Abstract to improve its readability. The revised version removes overly technical phrasing while retaining the core findings and methodology. Both the original and revised versions are provided below for comparison. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Original Abstract: This research investigates how environmental regulation moderates the relationship between foreign direct investment (FDI) and carbon dioxide (CO2) emissions, utilizing the autoregressive distributed lag (ARDL) method across 39 developed and emerging economies from 1990 to 2020. Furthermore, Dumitrescu–Hurlin panel Granger causality tests and robustness checks are implemented. After confirming the pollution haven hypothesis in emerging economies and the pollution halo hypothesis in developed economies, we found that environmental regulation amplifies the inverse relationship between FDI and CO2 emissions in developed economies in the long run. In contrast, such a moderating effect in emerging economies is not significant. Meanwhile, we did not find evidence that environmental regulation moderates the FDI-CO2 relation in both emerging and developed economies in the short run. 
Revised Abstract: This study explores how environmental regulation affects the link between foreign direct investment (FDI) and carbon dioxide (CO2) emissions in 39 developed and emerging economies from 1990 to 2020. Using the autoregressive distributed lag (ARDL) method and panel Granger causality tests, we confirm the pollution haven hypothesis in emerging economies and the pollution halo hypothesis in developed economies. In the long run, we find that stricter environmental regulations strengthen the negative impact of FDI on CO2 emissions in developed economies. However, this moderating effect is not significant in emerging economies. In the short run, environmental regulation does not appear to influence the FDI–CO2 relationship in both emerging and developed economies. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
[bookmark: OLE_LINK5]8. Tables 5 and 6 include many models with minimal explanation of why each step was added. Add notes to each model explaining changes in control variables and rationale for stepwise modeling.
Response: 
Thank you for the valuable comment. We have added explanatory footnotes to Tables 5 and 6 in the revised manuscript. We also added description in the text that explains the purpose of that model specification and any changes in control variables from the previous model in the Results and Discussion section.  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Original Footnotes: Note: AIC (Akaike Information Criterion) is used for lag selection. p values are in the parenthesis, *** significant at 1%, ** significant at 5%, * significant at 10%.
Revised Footnotes: Note: AIC (Akaike Information Criterion) is used for lag selection. p-values are in the parenthesis, *** significant at 1%, ** significant at 5%, * significant at 10%. Model (1) presents the model controlled for FDI, ER, EKC, and research & development (RD). Model (2) sequentially added moderating term ER×FDI. Model (3) included FDI, ER, EKC, and energy-mix (RE) variables to mitigate omitted-variable bias along technology and energy channels. Similarly, Model (4) further introduced the moderating term. Models (5-6) controls for FDI, ER, EKC, and industrial composition (IND), with moderating term added in Model (6). Models (7-12) rearranged R&D/energy/industrial composition factors while excluded or retained the interaction to test channel sensitivity and provide robustness variants. We take the most saturated yet stable specification as preferred and use it in subsequent robustness analysis. 
Added Text: 
To enhance robustness and transparency, we adopt a stepwise modelling strategy in Table 5 and Table 6. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
9. Many are well-chosen, but a few key recent empirical works on FDI-environment nexus from non-OECD contexts are missing. Consider citing more recent studies using dynamic panel data or ESG-related FDI trends post-2015 Paris Agreement. 
Response: 
Thank you for your valuable comments. We have updated the manuscript to include the following studies in the Literature Review section. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Added Text:
[bookmark: OLE_LINK6]In non-OECD contexts, recent studies show that the FDI–environment nexus is highly heterogeneous and influenced by institutional quality and policy context (Demena and Afesorgbor 2020; Boateng et al. 2024). Evidence from emerging economies indicates that weak governance hinders FDI’s ability to reduce emissions, while “green FDI” and ESG alignment after the Paris Agreement play a critical role in driving mitigation benefits (Famanta et al. 2024; Zehouani and Ababou 2025). Mechanism analyses also highlight that FDI influences CO2 through technological diffusion and industrial restructuring (Tripathy et al. 2025).
Boateng E, Annor C B, Amponsah M, Ayibor R E (2024) Does FDI mitigate CO2 emissions intensity? Not when institutional quality is weak. Journal of Environmental Management, 354, 120386. https://doi.org/10.1016/j.jenvman.2024.120386
Demena B A, Afesorgbor S K (2020) The effect of FDI on environmental emissions: Evidence from a meta-analysis. ENERGY POLICY, 138, 111192. https://doi.org/10.1016/j.enpol.2019.111192
Famanta M, Randhawa A A, Yajing J (2024) The impact of green FDI on environmental quality in less developed countries: A case study of load capacity factor based on PCSE and FGLS techniques. Heliyon, 10(7), e28217. https://doi.org/10.1016/j.heliyon.2024.e28217
Tripathy P, Brahmi M, Pallayil B, Mishra B R (2025) Mediating Effects of Foreign Direct Investment Inflows on Carbon Dioxide Emissions. Economies, 13(1). https://doi.org/10.3390/economies13010018
Zehouani N, Ababou M (2025) Mapping research trends on foreign direct investment and environmental sustainability. Discover Global Society, 3(1), 73. https://doi.org/10.1007/s44282-025-00225-1
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
10. Some repetition and overly long paragraphs—especially in the Results and Discussion sections. Split dense paragraphs and tighten prose for clarity.
Response: 
[bookmark: OLE_LINK1]Thank you for your comments. We have carefully edited the manuscript to improve its conciseness and readability. We identified and removed repetitive statements throughout the Paragraph. We also split up several long paragraphs into shorter, focused paragraphs (see attached document Manuscript - With Changes Marked).
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Reviewer #1:
1. Authors adopted a linear ARDL model. However, adjustment among the variables might exhibit a threshold effect until which adjustment will not occur. Thus, authors must provide sufficient evidence through appropriate econometric models to justify the use of the linear form of the ARDL. 
Response: 
[bookmark: OLE_LINK8]Thank you for your valuable comment. We have supplemented quantile regression results to show threshold ER effects on CO2 emissions as additional robustness check for using the ARDL model. The results support the validity of linear form of the ARDL for emerging and developed economies groups. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Added figure and text:

[image: 图表

描述已自动生成]
Figure 3 Quantile effects of environmental regulation (ER) on CO2 emissions
Note: Points and solid lines are ER coefficients from quantile regressions at τ = 0.10, … , 0.90. Shaded areas are 95% clustered-bootstrap CIs. Control variables include FDI, GDP, GDP2, RD, RE, IND, and ER×FDI.  

Table 10 Heterogeneous (quantile) effects of environmental regulation (ER) on CO2 emissions
	Emerging economies

	Quantile 
	10%
	20%
	30%
	40%
	50%
	60%
	70%
	80%
	90%

	Coefficient 
	-2.382
	9.338
	17.744
	35.101
	78.418***
	95.010***
	121.754
	312.195**
	305.308***

	Std. Error
	4.596
	8.178
	12.296
	27.596
	21.659
	25.421
	87.745
	102.652
	58.472

	p-value
	0.605
	0.255
	0.150
	0.204
	0.000
	0.000
	0.166
	0.003
	0.000

	95% CI
	[-11.391, 6.627]
	[-6.691, 25.367]
	[-6.357, 41.845]
	[-18.987, 89.188]
	[35.966, 120.870]
	[45.185, 144.835]
	[-50.227, 293.734]
	[110.997, 513.393]
	[190.703, 419.913]

	Observations
	279
	279
	279
	279
	279
	279
	279
	279
	279

	Developed economies

	Quantile
	10%
	20%
	30%
	40%
	50%
	60%
	70%
	80%
	90%

	Coefficient
	-0.017
	0.801***
	0.590
	0.380
	-0.124
	0.922
	0.474
	0.264
	-5.371

	Standard Error
	0.164
	0.149
	0.346
	0.422
	0.771
	1.385
	1.333
	0.947
	8.569

	p-value
	0.917
	0.000
	0.088
	0.368
	0.872
	0.506
	0.722
	0.780
	0.531

	95% CI
	[-0.339, 0.305]
	[0.509, 1.093]
	[-0.087, 1.267]
	[-0.447, 1.207]
	[-1.636, 1.387]
	[-1.793, 3.636]
	[-2.139, 3.086]
	[-1.593, 2.121]
	[-22.166, 11.423]

	Observations
	930
	930
	930
	930
	930
	930
	930
	930
	930


Note: The dependent variable is CO2 emissions. ER denotes the EPS index. Control variables include FDI, GDP, GDP2, RD, RE, IND, and ER×FDI. *** p < 0.01, ** p < 0.05, * p < 0.10. 
. 

[image: 图表, 折线图
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Figure 4 Quantile effects of environmental regulation (ER) on CO2 emissions (with fixed effects)
Note: same as Figure 3, additionally including country and year fixed effects.

Table 11 Heterogeneous (quantile) effects of environmental regulation (ER) on CO2 emissions (with fixed effects)
	Emerging economies

	Quantile 
	10%
	20%
	30%
	40%
	50%
	60%
	70%
	80%
	90%

	Coefficient 
	-3.701
	-8.244
	-5.640
	12.904
	7.366
	30.442
	74.495*
	79.321**
	86.196**

	Std. Error
	13.692
	17.342
	20.437
	22.917
	24.138
	28.636
	29.576
	27.723
	27.680

	p-value
	0.787
	0.635
	0.783
	0.574
	0.761
	0.289
	0.012
	0.005
	0.002

	95% CI
	[-30.536, 23.135]
	[-42.234, 25.745]
	[-45.697, 34.417]
	[-32.014, 57.821]
	[-39.944, 54.676]
	[-25.683, 86.568]
	[16.526, 132.463]
	[24.984, 133.658]
	[31.944, 140.449]

	Entity Fixed
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Time Fixed
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Observations
	279
	279
	279
	279
	279
	279
	279
	279
	279

	Developed economies

	Quantile
	10%
	20%
	30%
	40%
	50%
	60%
	70%
	80%
	90%

	Coefficient
	-0.212
	-0.292*
	-0.271*
	-0.284*
	-0.338*
	-0.263*
	-0.299*
	-0.344**
	-0.335**

	Standard Error
	0.121
	0.125
	0.128
	0.137
	0.136
	0.129
	0.136
	0.126
	0.128

	p-value
	0.081
	0.019
	0.034
	0.038
	0.013
	0.042
	0.028
	0.006
	0.009

	95% CI
	[-0.449, 0.026]
	[-0.536, -0.048]
	[-0.521, -0.021]
	[-0.553, -0.016]
	[-0.604, -0.072]
	[-0.516, -0.009]
	[-0.565, -0.032]
	[-0.591, -0.097]
	[-0.585, -0.085]

	Entity Fixed
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Time Fixed
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Observations
	930
	930
	930
	930
	930
	930
	930
	930
	930


Note: Same as Table 10, additionally including country and year fixed effects.
To address the concern that the ARDL specification may hide threshold effects of environmental regulation (ER) on CO2 emissions, we complemented the baseline model with quantile regressions. As shown in Figure 3 and Table 10, in emerging economies, ER is insignificant at the lower quantiles but turns significantly positive at the upper tail (τ ≈ 0.7 - 0.9), suggesting that stricter regulations may be associated with higher CO2 emissions in emerging economies. By contrast, in developed economies, the coefficients are consistently negative across the distribution, indicating that stronger regulations systematically contribute to CO2 emission reductions. Importantly, the central quantiles in both groups are close to the ARDL estimates, suggesting that the baseline linear specification provides an adequate approximation of the average effect. Additional robustness checks with country and year fixed effects (Figure 4 and Table 11) present qualitatively consistent results. In summary, our quantile regressions suggest that our main findings are not driven by model choice or distributional outliers and reinforce the validity of the ARDL estimates as the main empirical specification.  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Reviewer #6:
1. (General Comments) The manuscript provides a rigorous empirical analysis of the moderating role of environmental regulation (ER) in the FDI-CO2 emissions nexus across 39 economies (1990–2020). The study employs robust methodologies (ARDL, Granger causality) and offers nuanced insights into the divergent effects in developed vs. emerging economies. However, the following critiques and suggestions aim to strengthen the theoretical foundation, methodological clarity, and policy relevance. 
Response: We sincerely thank you for your encouraging comments on the importance of the topic and the relevance of our empirical strategy and dataset. Based on your valuable comments and suggestions, we have revised the manuscript to improve conceptual clarity, empirical robustness, and policy relevance of this paper. The following are point-by-point responses to your valuable comments and suggestions. 
2. (Major Strengths) Comprehensive Methodology: The use of PMG-ARDL and Dumitrescu-Hurlin tests effectively captures short- and long-run dynamics and causality. Policy-Relevant Findings: Confirms the pollution haven hypothesis in emerging economies and the pollution halo effect in developed economies, with ER’s moderating role being significant only in the latter. Robustness Checks: Alternative proxies for CO2 emissions enhance reliability.
Response: Thank you very much for your positive comment. 
[bookmark: OLE_LINK3]3. (THEORETICAL FRAMEWORK) Expand Discussion on Heterogeneity of ER: The manuscript briefly mentions the Porter hypothesis and "green paradox," but could integrate recent debates on ER’s effectiveness. For example: Weak ER in Emerging Economies: See works like those of Hille and Möbius (2019) (Journal of Environmental Economics and Management) on how corruption and weak institutions dilute ER enforcement.
Response: Thank you for your valuable comment. In the revised theoretical framework section, we have significantly expanded the discussion of how ER stringency and enforcement can vary across countries in the Introduction section. We also cited works of Helle and Möbius (2019a; 2019b) and discussed how weak institutions and corruption in some emerging economies can undermine the enforcement of environmental regulations. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Added Text:
Introduction 
A growing literature highlights that the effectiveness of environmental regulation depends on both de jure stringency and de facto enforcement. Where monitoring capacity is high and rules are credible, higher energy and pollution prices can induce process innovation, input substitution and upgrading. By contrast, weak enforcement and regulatory capture can make compliance selective and uneven, prompting firms to delay abatement, shift to the informal sector or relocate. Consistent with this view, Hille and Möbius (2019a) document small and often positive economy-wide employment effects of energy-price increases driven by sectoral and skill reallocation, while Hille and Möbius (2019b) find that stricter policies foster innovation but do not yield robust productivity gains once endogeneity is addressed. 
Results and Discussion 
[bookmark: OLE_LINK11]Our results are consistent with Hille and Möbius (2019a, 2019b). In economies with stronger monitoring, and more effective judicial systems, environmental regulation is more likely to lower CO2 emissions by inducing technological upgrading and cleaner practices. Instruments that raise energy and pollution prices can spur process innovation, input substitution and upgrading (Porter-type gains) when policy credibility is high. However, when enforcement capacity is weaker and corruption or regulatory capture is present, rules may be applied selectively and unevenly. In such contexts, firms may postpone abatement, shift activity to the informal sector, or relocate; weak current enforcement can trigger green paradox responses. Consequently, firms are less willing to invest in pollution abatement, so the emissions-reducing impact of regulation is diminished or even reversed.
Hille E, Möbius P (2019a) Do energy prices affect employment? Decomposed international evidence. Journal of Environmental Economics and Management, 96, 1–21. https://doi.org/10.1016/j.jeem.2019.04.002
Hille E, Möbius P (2019b) Environmental Policy, Innovation, and Productivity Growth: Controlling the Effects of Regulation and Endogeneity. Environmental and Resource Economics, 73(4), 1315–1355. https://doi.org/10.1007/s10640-018-0300-6
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
4. (CLARIFY FDI MECHANISMS) Differentiate between FDI types (e.g., greenfield vs. mergers, sectoral distribution). Works by Albrizio et al. (2017) (OECD) could offer useful insights about how FDI in high-tech sectors reduces emissions, while extractive industries exacerbate them.
Response: Thank you for this helpful suggestion. We clarified the channels through which FDI affects emissions by distinguishing entry mode and sectoral composition in the Introduction section. We also cited to Albrizio (2017) to highlight cases where environmental regulation amplifies the “clean” FDI channel.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Added Text:
FDI’s impact on emissions is heterogeneous across entry modes and sectors: investment directed to high-tech and knowledge-intensive activities typically reduces carbon intensity via productivity and efficiency gains, whereas FDI in extractive and heavy industries tends to increase emissions (Demena and Afesorgbor 2020; Boateng et al. 2024; Famanta et al. 2024; Tripathy et al. 2025). This mechanism is in line with the industry- and firm-level evidence, which indicates that stricter environmental policies force less efficient firms to adjust while stimulating innovation and raising aggregate efficiency through resource reallocation (Albrizio et al. 2017).
Albrizio S, Kozluk T, Zipperer V (2017) Environmental policies and productivity growth: Evidence across industries and firms. Journal of Environmental Economics and Management, 81, 209–226. https://doi.org/10.1016/j.jeem.2016.06.002
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
5. (EMPIRICAL METHODOLOGY) Endogeneity Concerns: Address potential reverse causality (e.g., FDI may target countries with specific ER levels). Consider instrumental variables (e.g., lagged ER indices or bilateral investment treaties) as in Cheng et al. (2021) (Journal of Cleaner Production).
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Response: Thanks for your valuable comment. We could not find the suggested reference in available reference sources. We acknowledge that FDI and environmental regulation may be endogenous to CO2 emissions through reverse causality and simultaneity. However, introducing valid external instruments is not feasible due to data limitations. To address this, we note in the Results and Discussion section that our baseline PMG-ARDL specification mitigates simultaneity by using lagged regressors and an error-correction term. We further conducted Dumitrescu–Hurlin panel Granger causality tests (Table 7) and re-estimated the models with alternative outcomes—IPCC energy-sector CO2 and IEA non-renewable energy use (Table 8), which are both consistent with long-run patterns. Finally, we added a Limitations and Future Research in the Results and Discussion section to explicitly discuss endogeneity concerns and temper causal language throughout the paper.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Added Text: 
While empirical evidence reveals the complex mechanisms linking FDI, environmental regulation, and CO2 emissions, concerns remain regarding the potential endogeneity of environmental regulation and FDI, which could be explored in future research when richer datasets become available.  
First, FDI and environmental regulation could be endogenous to CO2 emissions due to reverse causality (e.g., emissions driving regulatory responses), simultaneity (policy and investment jointly determined), and omitted institutional shocks. Our PMG-ARDL approach mitigates these concerns by incorporating lagged regressors and an error-correction mechanism. Granger causality tests (Table 7) indicate that CO2 predicts environmental regulation and FDI in emerging economies, and that CO2, environmental regulation, and FDI display dynamic feedback in developed economies. Using two alternative dependent variables—energy-sector CO2 and non-renewable energy consumption—yields consistent long-run coefficients (shown in Table 8). While we refrain from structural causal claims, the convergence of evidence suggests our associations are robust to mechanical reverse timing and single outcome definitions. Future work could adopt credible instrumental variable strategies or dynamic GMM designs as data availability improves.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
6. (EMPIRICAL METHODOLOGY) Nonlinear Effects: Test for threshold effects of ER (e.g., ER may only reduce emissions beyond a certain stringency level). See works of Sadorsky (2022) (Energy Policy) on nonlinear ER-emission relationships.
Response: 
Thank you for your valuable comment. We searched the major databases available to us but were unable to locate the recommended reference. However, we have supplemented quantile regression results to show threshold ER effects on CO2 emissions as additional robustness check for using the ARDL model. The results support the validity of linear form of the ARDL for emerging and developed economies groups. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Added figure and text:
[image: 图表

描述已自动生成]
Figure 3 Quantile effects of environmental regulation (ER) on CO2
Note: Points and solid lines are ER coefficients from quantile regressions at τ = 0.10, … , 0.90. Shaded areas are 95% clustered-bootstrap CIs; dashed line denotes zero. Controls are identical to the baseline ARDL (FDI, GDP and GDP2, RD, RE, IND, and ER×FDI).  

Table 10 Heterogeneous (quantile) effects of environmental regulation (ER) on CO2 emissions
	Emerging economies

	Quantile 
	10%
	20%
	30%
	40%
	50%
	60%
	70%
	80%
	90%

	Coefficient 
	-2.382
	9.338
	17.744
	35.101
	78.418***
	95.010***
	121.754
	312.195**
	305.308***

	Std. Error
	4.596
	8.178
	12.296
	27.596
	21.659
	25.421
	87.745
	102.652
	58.472

	p-value
	0.605
	0.255
	0.150
	0.204
	0.000
	0.000
	0.166
	0.003
	0.000

	95% CI
	[-11.391, 6.627]
	[-6.691, 25.367]
	[-6.357, 41.845]
	[-18.987, 89.188]
	[35.966, 120.870]
	[45.185, 144.835]
	[-50.227, 293.734]
	[110.997, 513.393]
	[190.703, 419.913]

	Observations
	279
	279
	279
	279
	279
	279
	279
	279
	279

	Developed economies

	Quantile
	10%
	20%
	30%
	40%
	50%
	60%
	70%
	80%
	90%

	Coefficient
	-0.017
	0.801***
	0.590
	0.380
	-0.124
	0.922
	0.474
	0.264
	-5.371

	Standard Error
	0.164
	0.149
	0.346
	0.422
	0.771
	1.385
	1.333
	0.947
	8.569

	p-value
	0.917
	0.000
	0.088
	0.368
	0.872
	0.506
	0.722
	0.780
	0.531

	95% CI
	[-0.339, 0.305]
	[0.509, 1.093]
	[-0.087, 1.267]
	[-0.447, 1.207]
	[-1.636, 1.387]
	[-1.793, 3.636]
	[-2.139, 3.086]
	[-1.593, 2.121]
	[-22.166, 11.423]

	Observations
	930
	930
	930
	930
	930
	930
	930
	930
	930


Note: The dependent variable is CO2 emissions. ER denotes the EPS index. Control variables include FDI, GDP, GDP2, RD, RE, IND, and ER×FDI. *** p < 0.01, ** p < 0.05, * p < 0.10. 
. 
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Figure 4 Quantile effects of environmental regulation (ER) on CO2 (with fixed effects)
Note: Same as Figure 3, additionally including country and year fixed effects.

Table 11 Heterogeneous (quantile) effects of environmental regulation (ER) on CO2 emissions (with fixed effects)
	Emerging economies

	Quantile 
	10%
	20%
	30%
	40%
	50%
	60%
	70%
	80%
	90%

	Coefficient 
	-3.701
	-8.244
	-5.640
	12.904
	7.366
	30.442
	74.495*
	79.321**
	86.196**

	Std. Error
	13.692
	17.342
	20.437
	22.917
	24.138
	28.636
	29.576
	27.723
	27.680

	p-value
	0.787
	0.635
	0.783
	0.574
	0.761
	0.289
	0.012
	0.005
	0.002

	95% CI
	[-30.536, 23.135]
	[-42.234, 25.745]
	[-45.697, 34.417]
	[-32.014, 57.821]
	[-39.944, 54.676]
	[-25.683, 86.568]
	[16.526, 132.463]
	[24.984, 133.658]
	[31.944, 140.449]

	Entity Fixed
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Time Fixed
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Observations
	279
	279
	279
	279
	279
	279
	279
	279
	279

	Developed economies

	Quantile
	10%
	20%
	30%
	40%
	50%
	60%
	70%
	80%
	90%

	Coefficient
	-0.212
	-0.292*
	-0.271*
	-0.284*
	-0.338*
	-0.263*
	-0.299*
	-0.344**
	-0.335**

	Standard Error
	0.121
	0.125
	0.128
	0.137
	0.136
	0.129
	0.136
	0.126
	0.128

	p-value
	0.081
	0.019
	0.034
	0.038
	0.013
	0.042
	0.028
	0.006
	0.009

	95% CI
	[-0.449, 0.026]
	[-0.536, -0.048]
	[-0.521, -0.021]
	[-0.553, -0.016]
	[-0.604, -0.072]
	[-0.516, -0.009]
	[-0.565, -0.032]
	[-0.591, -0.097]
	[-0.585, -0.085]

	Entity Fixed
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Time Fixed
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Obs
	930
	930
	930
	930
	930
	930
	930
	930
	930


Note: Same as Table 10, additionally including country and year fixed effects.

To address the concern that our ARDL specification may hide threshold effects of environmental regulation (ER) on CO2 emissions, we complemented the baseline model with quantile regressions. As shown in Figure 3 and Table 10, in emerging economies ER is insignificant at the lower quantiles but turns significantly positive at the upper tail (τ ≈ 0.7 - 0.9), suggesting that stricter regulations may be associated with higher emissions among the most carbon-intensive economies. By contrast, in developed economies the coefficients are consistently negative across the distribution, indicating that stronger regulations systematically contribute to emission reductions. Importantly, the central quantiles in both groups are close to the ARDL estimates, suggesting that the baseline linear specification provides an adequate approximation of the average effect. Additional robustness checks with country and year fixed effects (Figure 4 and Table 11) present qualitatively consistent results. In summary, our quantile regressions suggest that our main findings are not driven by model choice or distributional outliers and reinforce the validity of the ARDL estimates as the main empirical specification. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
[bookmark: OLE_LINK7]7. (EMPIRICAL METHODOLOGY) Spatial Spill overs: Neighbouring countries’ ER/FDI may affect domestic emissions. Spatial econometrics (e.g., Elhorst, 2014) could enrich the analysis.
Response: Thanks for your valuable comment. We acknowledged that spill-over effects across countries are an important consideration. In the revised manuscript, we have discussed spatial spillovers. While a full spatial econometric model is beyond our current scope, we added a discussion in Limitation and Future Research section noting that neighboring countries’ environmental regulations and FDI flows can influence a nation’s emissions, citing the approach of Elhorst (2014) to emphasize this point. 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Added Text: 
Limitations and Future Research
Finally, while our analysis is conducted at the national level, cross-border trade, investment, and production networks suggest that neighboring countries’ environmental regulation and FDI inflows can influence domestic emissions through channels such as pollution leakage, technology diffusion, and regulatory competition. Although a full spatial econometric specification is beyond the current scope, future research could employ spatial panel approaches (Elhorst 2014) to disentangle direct and spillover effects. 
Elhorst J P (2014) Spatial Econometrics From Cross-Sectional Data to Spatial Panels Introduction. In SPATIAL ECONOMETRICS: FROM CROSS-SECTIONAL DATA TO SPATIAL PANELS (pp. 1–3). Springer. https://doi.org/10.1007/978-3-642-40340-8_1
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8. (RESULTS AND DISCUSSION) Emerging Economies’ Paradox: The finding that ER fails to curb emissions in emerging economies aligns with the "green paradox," but a deeper explanation is needed. Reference van der Ploeg and Rezai (2020) (Environmental and Resource Economics) on how anticipatory behavior by polluters undermines ER.
Response: Thanks for the comment. We cited on suggested and expanded our discussion on why ER appears ineffective in emerging economies in the Results and Discussion section. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Added Text: 
The ineffectiveness of environmental regulation’s effect in curbing CO2 emissions in emerging economies can also be contributed to anticipated tightening, combined with weak enforcement and capacity constraints may prompt firms to front-load carbon-intensive activities and delay cleaner investment (van der Ploeg 2016; van der Ploeg and Rezai 2020a; van der Ploeg and Rezai 2020b). Stronger credibility, immediate binding carbon pricing, and screening FDI toward cleaner industries could mitigate anticipatory responses and enhance environmental regulation’s effectiveness. 
van der Ploeg F (2016) Second-best carbon taxation in the global economy: The Green Paradox and carbon leakage revisited. Journal of Environmental Economics and Management, 78, 85–105. https://doi.org/10.1016/j.jeem.2016.02.006
van der Ploeg F, Rezai A (2020a) Stranded Assets in the Transition to a Carbon-Free Economy. Annual Review of Resource Economics, 12(Volume 12, 2020), 281–298. https://doi.org/10.1146/annurev-resource-110519-040938
van der Ploeg F, Rezai A (2020b) The risk of policy tipping and stranded carbon assets. Journal of Environmental Economics and Management, 100, 102258. https://doi.org/10.1016/j.jeem.2019.102258
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
9. (RESULTS AND DISCUSSION) Short-Run Insignificance: Discuss why ER’s moderating effect is absent in the short run. Have a look at Acemoglu et al. (2016) (American Economic Review) on technology adoption lags.
Response: Thanks for your valuable comment. We have extended our discussion on why ER’s moderating effect is absent in the short run. We cited on Acemoglu et al. (2016; 2016) and highlight technology adoption lags in the revised manuscript.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Added Text: 
The absence of a short-run ER×FDI effect reflects technology adoption lags and adjustment costs, as cleaner technologies and compliance upgrades take time to implement (Acemoglu et al. 2007, 2016). These factors delay the moderating role of environmental regulation, so effects emerge mainly in the long run while short-run coefficients remain small or insignificant.
Acemoglu D, Antràs P, Helpman E (2007) Contracts and Technology Adoption. American Economic Review, 97(3), 916–943. https://doi.org/10.1257/aer.97.3.916
Acemoglu D, Moscona J, Robinson J A (2016) State Capacity and American Technology: Evidence from the Nineteenth Century. American Economic Review, 106(5), 61–67. https://doi.org/10.1257/aer.p20161071
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
10. (POLICY IMPLICATIONS) Differentiated Recommendations: For emerging economies: Stress the need for complementary policies (e.g., capacity-building, anti-corruption measures) alongside ER. Reference Greenstone and Jack (2015) (Journal of Economic Perspectives).
Response: 
Response: Thank you for your valuable comment. We cited the suggested literature and differentiated policy recommendation for emerging and developed economies in the Conclusion and Policy Recommendation section in the revised paper. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Added Text: 
Effective environmental regulation requires complementary policies to overcome limited administrative capacity and governance, such as capacity building, anti-corruption, credible pricing, and targeted FDI policies. Hence, emerging economies should take above measures to address institutional frictions and help translate environmental regulation into measurable emission reductions (Greenstone and Jack 2015).
Greenstone M, Jack B K (2015) Envirodevonomics: A Research Agenda for an Emerging Field. Journal of Economic Literature, 53(1), 5–42. https://doi.org/10.1257/jel.53.1.5
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
11. (POLICY IMPLICATIONS) Differentiated Recommendations: For developed economies: Highlight international coordination (e.g., carbon border adjustments) to prevent leakage. Check works of Cosbey et al. (2019) (World Trade Review) and Makondo et al. (2021) Journal of Environmental Challenges) to offer more targeted guidance for environmental policy improvements in countries at early stages of industrialization.
Response: Thank you for your valuable comment. We added recommendation for developed economies in the Conclusion and Policy Recommendation section in the revised paper. In addition, the following literature are added in the reference list. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Added Text: 
Also, enhancing environmental regulations’ effectiveness also requires international coordination to curb leakage and promote clean technology diffusion. This includes adopting transparent carbon border adjustments (CBAs) with revenue recycling, coordinating carbon price signals, preventing relocation of high-emission production (Cosbey et al. 2019). In addition, supporting early industrializing countries through capacity building, concessional finance, and technology partnerships is necessary (Cuthbert et al. 2021). 
Cosbey A, Droege S, Fischer C, Munnings C (2019) Developing Guidance for Implementing Border Carbon Adjustments: Lessons, Cautions, and Research Needs from the Literature. REVIEW OF ENVIRONMENTAL ECONOMICS AND POLICY, 13(1), 3–22. https://doi.org/10.1093/reep/rey020
Cuthbert M C, Jackson K, Jhonna M (2021) Econometrics of the environmental Kuznets curve in the face of climate change and sustainability in Zambia. Environmental Challenges, 5, 100289. https://doi.org/10.1016/j.envc.2021.100289
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
12. (POLICY IMPLICATIONS) SDG Alignment: Link findings to SDG 9 (industry innovation) and SDG 13 (climate action). You could use UNEP (2023) reports on policy coherence.
Response: Thank you for the comment. We discussed key findings to SDG 9 and SDG 13 in accordance with the UNEP (2023) were in the Conclusion and Policy Recommendation section. We also added relevant literature in the reference list. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Added Text: 
Lastly, our empirical results on long-run effects directly link to measurable progress toward SDG 13 (Climate Action) and SDG 9 (Industry, Innovation, and Infrastructure). Based on these findings, environmental regulations should be designed to lower emission level, channel FDI toward green and technology-intensive sectors, and reduce the costs of technology adoption. To ensure that these long-run benefits translate into sustained SDG progress, coherent climate, industrial, investment, and trade policies are indispensable (OECD 2023; UNEP 2024).
OECD (2023) Driving Policy Coherence for Sustainable Development: Accelerating Progress on the SDGs, OECD Publishing, Paris, https://doi.org/10.1787/a6cb4aa1-en
United Nations Environmental Programme (2024) Policy Coherence for Sustainable Development Handbook on indicator 17.14.1 of the Sustainable Development Goals
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
13. (MINOR REVISIONS) Data Transparency: Clarify how missing data were interpolated (e.g., linear vs. spline).
Response: Thank you for the comment. A clarification of the interpolation method is supplemented in the Empirical Method section. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Added Text: 
Missing data were interpolated using the linear interpolation method. 
[bookmark: OLE_LINK4]- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
14. (MINOR REVISIONS) Graphical Support: Add a conceptual framework figure and a map of sample countries to improve readability.
Response: Thanks for your valuable comment. We added Figure 1 Conceptual framework of the interactions between FDI, environmental regulation, and CO2 emissions and Figure 2 Distribution of developed and emerging economies in the Introduction section to illustrate the conceptual framework and show the sample economies.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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Figure 1 Conceptual framework of the interactions between FDI, environmental regulation, and CO2 emissions
Note: Solid arrows represent direct effects; dashed arrows represent moderating effects of environmental regulation on the FDI–CO2 emissions relationship.
[image: ]
Figure 2 Distribution of developed and emerging economies
Figure 1 and Figure 2 show the conceptual framework and the sample economies in this study. In emerging economies, FDI is expected to raise CO2 emissions, which is consistent with the pollution haven hypothesis. In line with the green paradox hypothesis, environmental regulation is expected to inadvertently cause higher CO2 emissions and amplify the emission-increasing effect of FDI. In developed economies, FDI is expected to decrease CO2 emissions, which is consistent with the pollution halo hypothesis. Meanwhile, environmental regulation, as posited by the Porter hypothesis, is anticipated to reduce CO2 emissions and enhance the emission-reduction effect of FDI.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
15. (MINOR REVISIONS) Limitations: Acknowledge omitted variables (e.g., political stability, trade openness) and data constraints (e.g., ER index coverage). See works by Makondo et al. (2021) (Journal of Environmental Challenges) to incorporate EKC evidence in developing countries, and for Empirical Justification to highlight why it's crucial to examine heterogeneity across emerging economies, especially within Sub-Saharan Africa.
Response: Thank you for this helpful suggestion. We have discussed omitted variables, such as political stability, trade openness, and the coverage constraints of the EPS index in the revised subsection Limitations and Future Research in the Results and Discussion section. We also cited Cuthbert et al. (2021) as suggested, incorporating their insights into the EKC literature in developing countries and added a discussion within-group heterogeneity, particularly among Sub-Saharan African countries. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Added Text: 
Furthermore, though key macroeconomic variables including national income and trade openness are controlled for in the empirical model, institutional quality variables such as political stability may also affect the relationship between FDI, environmental regulation, and CO2 emissions. Cuthbert et al. (2021) emphasized the need to account for environmental policy heterogeneity in developing countries and support the importance of examining EKC dynamics in such contexts. At the same time, our analysis does not fully capture within-group heterogeneity among emerging economies. For example, Sub-Saharan African countries may follow distinct development and emission pathways compared to rapidly industrializing Asian economies. Data constraints including limited coverage of the EPS index in non-OECD economies may affect the generalizability of our findings.
Cuthbert, M. C., Jackson, K., & Jhonna, M. (2021). Econometrics of the environmental Kuznets curve in the face of climate change and sustainability in Zambia. Environmental Challenges, 5, 100289. https://doi.org/10.1016/j.envc.2021.100289
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Page 1 of 1

image2.png
Quantile Effects of ER on CO, in Emerging Economies Quantile Effects of ER on CO, in Developed Economies

Coefficient for ER
Coefficient for ER

050

Quantile (1)




image3.png
Coefficient for ER

Quantile Effects of ER on CO, in Emerging Economies

025

050 o7s
Quantile (1)

Coefficient for ER

2

B

08

Quantile Effects of ER on CO, in Developed Economies

025

o075

050
Quantile (1)




image1.png
. Developed Economies . Emerging Economies




