
The Impact of Environment on Firm Performance: The Moderating role of Mandatory 

Energy Efficiency Scheme 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Abstract 

This study examines the non-linear relationship between emissions and corporate financial 

performance (CFP), while assessing the moderating role of Environmental Regulatory 

Exposure (ERE). Using a balanced panel of 92 listed nonfinancial Indian firms from 2017 to 

2022. The study employs quantile fixed-effects regression to capture variation across the 

performance distribution. The findings reveal an inverted U-shaped relationship, indicating 

that emissions initially enhance performance but becomes detrimental beyond a threshold. The 

results further show that firms do not respond uniformly to regulatory pressure. For lower-

performing firms, regulatory exposure is associated with a higher emissions threshold, 

suggesting gradual adjustment and efficiency improvements. In contrast, for higher-performing 

firms, the threshold occurs earlier, indicating more stringent performance constraints. These 

findings highlight that regulatory pressure reshapes firm behaviour rather than uniformly 

reducing performance. The study contributes to the business literature by demonstrating that 

firms require differentiated strategies to manage emissions and sustain performance under 

regulatory environments. 

Keywords: Greenhouse gas emissions; Financial performance; Quantile regression; 

Environmental regulation. 

  



 

1. Introduction 

Industrialisation has historically driven economic growth while simultaneously increasing 

emissions, leading to significant environmental degradation (Dasgupta & Roy, 2023; 

Grossman & Krueger, 1991). Consequently, this has intensified the debate on whether firms 

can balance environmental performance with financial outcomes. Prior research presents 

mixed evidence. Some studies suggest that environmental performance increases operational 

and compliance costs, thereby negatively affecting corporate financial performance (Le & 

Nguyen-Phung, 2024). In contrast, other studies argue that integrating sustainable practices can 

enhance financial outcomes through efficiency gains, innovation, and improved reputation 

(Fujii et al., 2012). These contrasting perspectives highlight that the relationship between 

emissions and CFP is complex and involves a trade-off between costs and benefits at the firm 

level (Trumpp & Guenther, 2015). 

Firms operate within regulatory environments that influence how they manage emissions and 

allocate resources. This study does not directly compare firms across industries; rather, it 

examines whether the emissions–performance relationship differs under varying regulatory 

environments. This perspective aligns with prior research, which recognises that 

environmental–financial relationships are inherently heterogeneous and shaped by firm- and 

industry-specific conditions, and are therefore more appropriately analysed using moderation 

frameworks rather than direct cross-sectional comparisons (Dechezleprêtre & Sato, 2017; You 

et al., 2024). Environmental regulations are designed to encourage efficiency improvements 

and technological adaptation, thereby shaping firm behaviour (Dechezleprêtre & Sato, 2017). 

However, the impact of regulatory pressure is unlikely to be uniform, as firms differ in their 

capacity to absorb compliance costs, adopt cleaner technologies, and optimise operational 

https://dummy-citation.com/citation?d=z%3ArVbNchxFEh6bZXcPu3u2idiIij0sEOFpzY80GnGAGGykUICNkUyIn4CI6u7s7tJUd7WrqjUzhoOCV%2BDEI%2FAIOvMCPAOvwYUvq3s0I2zjIIKDbKkrMyvzy8zvq%2B%2BuerczY1Wuqlvpwtj5Ve%2FfhYydtzLxq9e%2BPq6EL5QTzjfp6p5YkCjkBQlaylJVlAq%2FMMLVlKhMJcKSI2mTQjxtyHllKheJQ2Wdh2NBviArMmVLJ6Q1TQXnggTu1KlYKF%2BIinLpFaLXZJFTKauEREaUxjKZw7CBIa4w1gtvRGks8qgulDVVSZWX%2Bp5wJlH8f24uyFbB%2F8sPTo%2B%2BuhHRWGE4l4VyFIlTSkyVhsq6om7m%2BsvlDwIhBKy85bBOEQpA9s7LORVGpzAFgpwC1yxUJaRIrHGun6BMb1fBmZYMA9eZKoBTJaFUjZq1cCvnqQxRcbVK8CkmAK1MY%2BEUKi8NHKQnRq1kAIAgWc6hhYKT3C4TabgGvfhjVLl41bXq48aK2qpSIuNM4XuVo%2FGFWeBK6V8RyGSomhETqqwxO04o%2FLwgKQng0LJcrzYRcViRxbA0lpHnekJHaka8vT1Gz0Sh8uKluDN6weD5djmVVzyhstqUgftLgxgM6Y1OozVaVSEmQHnC08%2B3OeFtgwosRhADH%2FJG0V2L%2B9dL8OqOrsfBRVomCTlH6QNkkY8Go0l%2FsFvyscQg2uMqM1e913PZ%2BMJYd6lbaA%2FxY2w6iCYDUs41dJu88pqWd2YlWa5SvN84BHBOnNCFokV2YXRT0p036uvYH5lEIspV75aqZU4nssoJXIASsK%2BP8eXu7X8UWq5%2F%2F78OiKq4gZNj1kgrWbJHlmFr9Kp4IF3e1F5SDmSqDAHPUb01mnrPWycnZtUapjPb1K1ZolKHcpPUqOXd4SAa709GezsyttFoEo2iveFBf29vgO2Jq0v866rv1GB%2Fd9wfjXenajSZHvSn0%2BGgMDVVEmjMz3bH0%2Blkf7Q%2FHRdNrY1Mj1N%2Ff7avP380iU%2F2zh8Nv5gdnia7y%2FOAYmjCOZow7g%2BH%2FcFwzlzT2IQ%2BtXr5duF97d7Z2UFykbH5zkvzy10T%2B1XNxc6l9SrR9AR%2F3sI4kck%2BxF5tfybwll7BVifKU%2Fr%2B6j7P0%2BveUkaWsDLpGUjZha935l2fv%2FngJu2ddrR3tKG9x1tLx0P4aL1q2weH3fK%2BwyxdioftOqC%2F7Z7ev8Fh99uhTbm2fybNn8LkqvfaWmTIJdjuX9%2F76edvL3u9Xqc5%2F9pozt9%2BnIHl0wYb1pIpPqckYmmx60gtJ0wvgwYy1VrILMMyBinZEgMRr0DnNSoHiYVDhxUMC8t8b0osKi5TF8pD1WAstcfqdLaJKWvjAi2%2BxIMhhVfMLuwlY9N4pv2C9yhkjTiekqJSLIYcBmTWVRWdMbVBLJEolbXindUCm5pyx5nbJUgB28tBLOk1SYLEIMNtNBw5pkZLKDxgAFUKHiimrgEPwmQtn3YQahUzcurZtU49pKVKTASRhwyGj8OIebdBaAZBWhkDtZKka5Bvey%2FfKBWkwmjdeFBqNy6t5LkuEEwbG4OKpIW30Ew3eC%2FAcnfUkSYzM5IMT4utUkG7hapBl35BBH9c9bRB2h6FMZ2uu5Fbs%2FAFY8liJTBg4TWyldZbrtGAAIJrlsC2Ve3SzOl%2Fb7eiglAJmoCh51uZ%2BTlZvABYpqFbIpG18lIcPXgsYK4hhZogHQGJViLQOLiZEoIFbhQpbYc4evBelya7szgh5iZC6xitsR8FKAIqACMlTCTeI6GStuFwSBusyUrU0uM0oPxpdBqx5uJZ5ERmDfY4dDVUi%2FMLqSFbMk2BPka2PXzTYZyeNkrL1FgoMjIwlqFU1QU%2F3UAWm3dQWB%2F1LGxPi26Q2xg2YdcS49oZYMM2nXWeqs
https://dummy-citation.com/citation?d=z%3ArVbNchxFEh6bZXcPu3u2idiIij0sEOFpzY80GnGAGGykUICNkUyIn4CI6u7s7tJUd7WrqjUzhoOCV%2BDEI%2FAIOvMCPAOvwYUvq3s0I2zjIIKDbKkrMyvzy8zvq%2B%2BuerczY1Wuqlvpwtj5Ve%2FfhYydtzLxq9e%2BPq6EL5QTzjfp6p5YkCjkBQlaylJVlAq%2FMMLVlKhMJcKSI2mTQjxtyHllKheJQ2Wdh2NBviArMmVLJ6Q1TQXnggTu1KlYKF%2BIinLpFaLXZJFTKauEREaUxjKZw7CBIa4w1gtvRGks8qgulDVVSZWX%2Bp5wJlH8f24uyFbB%2F8sPTo%2B%2BuhHRWGE4l4VyFIlTSkyVhsq6om7m%2BsvlDwIhBKy85bBOEQpA9s7LORVGpzAFgpwC1yxUJaRIrHGun6BMb1fBmZYMA9eZKoBTJaFUjZq1cCvnqQxRcbVK8CkmAK1MY%2BEUKi8NHKQnRq1kAIAgWc6hhYKT3C4TabgGvfhjVLl41bXq48aK2qpSIuNM4XuVo%2FGFWeBK6V8RyGSomhETqqwxO04o%2FLwgKQng0LJcrzYRcViRxbA0lpHnekJHaka8vT1Gz0Sh8uKluDN6weD5djmVVzyhstqUgftLgxgM6Y1OozVaVSEmQHnC08%2B3OeFtgwosRhADH%2FJG0V2L%2B9dL8OqOrsfBRVomCTlH6QNkkY8Go0l%2FsFvyscQg2uMqM1e913PZ%2BMJYd6lbaA%2FxY2w6iCYDUs41dJu88pqWd2YlWa5SvN84BHBOnNCFokV2YXRT0p036uvYH5lEIspV75aqZU4nssoJXIASsK%2BP8eXu7X8UWq5%2F%2F78OiKq4gZNj1kgrWbJHlmFr9Kp4IF3e1F5SDmSqDAHPUb01mnrPWycnZtUapjPb1K1ZolKHcpPUqOXd4SAa709GezsyttFoEo2iveFBf29vgO2Jq0v866rv1GB%2Fd9wfjXenajSZHvSn0%2BGgMDVVEmjMz3bH0%2Blkf7Q%2FHRdNrY1Mj1N%2Ff7avP380iU%2F2zh8Nv5gdnia7y%2FOAYmjCOZow7g%2BH%2FcFwzlzT2IQ%2BtXr5duF97d7Z2UFykbH5zkvzy10T%2B1XNxc6l9SrR9AR%2F3sI4kck%2BxF5tfybwll7BVifKU%2Fr%2B6j7P0%2BveUkaWsDLpGUjZha935l2fv%2FngJu2ddrR3tKG9x1tLx0P4aL1q2weH3fK%2BwyxdioftOqC%2F7Z7ev8Fh99uhTbm2fybNn8LkqvfaWmTIJdjuX9%2F76edvL3u9Xqc5%2F9pozt9%2BnIHl0wYb1pIpPqckYmmx60gtJ0wvgwYy1VrILMMyBinZEgMRr0DnNSoHiYVDhxUMC8t8b0osKi5TF8pD1WAstcfqdLaJKWvjAi2%2BxIMhhVfMLuwlY9N4pv2C9yhkjTiekqJSLIYcBmTWVRWdMbVBLJEolbXindUCm5pyx5nbJUgB28tBLOk1SYLEIMNtNBw5pkZLKDxgAFUKHiimrgEPwmQtn3YQahUzcurZtU49pKVKTASRhwyGj8OIebdBaAZBWhkDtZKka5Bvey%2FfKBWkwmjdeFBqNy6t5LkuEEwbG4OKpIW30Ew3eC%2FAcnfUkSYzM5IMT4utUkG7hapBl35BBH9c9bRB2h6FMZ2uu5Fbs%2FAFY8liJTBg4TWyldZbrtGAAIJrlsC2Ve3SzOl%2Fb7eiglAJmoCh51uZ%2BTlZvABYpqFbIpG18lIcPXgsYK4hhZogHQGJViLQOLiZEoIFbhQpbYc4evBelya7szgh5iZC6xitsR8FKAIqACMlTCTeI6GStuFwSBusyUrU0uM0oPxpdBqx5uJZ5ERmDfY4dDVUi%2FMLqSFbMk2BPka2PXzTYZyeNkrL1FgoMjIwlqFU1QU%2F3UAWm3dQWB%2F1LGxPi26Q2xg2YdcS49oZYMM2nXWeqs
https://dummy-citation.com/citation?d=z%3AdVLNbtNAEHYKSBw4cGxve0LikMRxk9L0gtJS2ooIUiiU63p3bE%2By3l3tT0huLXDmfXLjAXgbjgiJcUIRCFWyLe%2FszDf6fq5XyZ3COCxRt8AL4%2BDH028%2Fv39NkkR%2BMG62Sh4oLgR4D%2FIZD1BmaTZop%2Fu1MDpw1ODOdGFWyd2Sx1AZ568U1paL8JxeQuv1OsN9CBgULB69ib6Z4bkCNnFGRhHQaMa1ZEdG%2B1jb5lzMjYo1bHftnx1jIzihrZIWWl7Ca65LWCVbWKDzYUKVna3PleI3%2F19UM%2BkwjzTkP1Kn1LxuJoqC16iW%2BRigxDloccpROqMg%2Bb9JvSzjEnR7UkVat26vTmkzu6jiZkag9KvknpAGFzu9tNNLe3vdacdb0SGZ%2Bp2Unqwv0ef6ir5eX2O2O8jag0E6rIwFzUmV2WV%2Fdzjo7w13%2B2kVrTJcnsmQxpHd468yfZ7uv30v87E4P54SRNzYMG3w22m%2FnQ1qG3OFvrpxorWmMTtWHuYIjh2%2BK33Mw9I21GbcBRQKLujYIq3BFC9Qy7%2FLELhSS%2BpVAgPIw%2BWRiTo8DA4KcKQYyEvKhV9Xt5%2F8tvbTiALiPZI6oQK2iQAzBQM9R2d0DeSkYhYcha3mhMLIeIqbNY7osIJSoQX%2B23LARnTh6raCOSjmQ5TLBvPk9IRBTWIQAc9Qs1HhUHDZcLwvolOLx1UI1h90u%2BRMx7iye6s5vwA%3D
https://dummy-citation.com/citation?d=z%3AdVLNbtNAEHYKSBw4cGxve0LikMRxk9L0gtJS2ooIUiiU63p3bE%2By3l3tT0huLXDmfXLjAXgbjgiJcUIRCFWyLe%2FszDf6fq5XyZ3COCxRt8AL4%2BDH028%2Fv39NkkR%2BMG62Sh4oLgR4D%2FIZD1BmaTZop%2Fu1MDpw1ODOdGFWyd2Sx1AZ568U1paL8JxeQuv1OsN9CBgULB69ib6Z4bkCNnFGRhHQaMa1ZEdG%2B1jb5lzMjYo1bHftnx1jIzihrZIWWl7Ca65LWCVbWKDzYUKVna3PleI3%2F19UM%2BkwjzTkP1Kn1LxuJoqC16iW%2BRigxDloccpROqMg%2Bb9JvSzjEnR7UkVat26vTmkzu6jiZkag9KvknpAGFzu9tNNLe3vdacdb0SGZ%2Bp2Unqwv0ef6ir5eX2O2O8jag0E6rIwFzUmV2WV%2Fdzjo7w13%2B2kVrTJcnsmQxpHd468yfZ7uv30v87E4P54SRNzYMG3w22m%2FnQ1qG3OFvrpxorWmMTtWHuYIjh2%2BK33Mw9I21GbcBRQKLujYIq3BFC9Qy7%2FLELhSS%2BpVAgPIw%2BWRiTo8DA4KcKQYyEvKhV9Xt5%2F8tvbTiALiPZI6oQK2iQAzBQM9R2d0DeSkYhYcha3mhMLIeIqbNY7osIJSoQX%2B23LARnTh6raCOSjmQ5TLBvPk9IRBTWIQAc9Qs1HhUHDZcLwvolOLx1UI1h90u%2BRMx7iye6s5vwA%3D
https://dummy-citation.com/citation?d=z%3AfVVLbyNFEHYIQly4IbTc6sJL2jh%2B5LFeDqvEm1We2igO5NwzUzNdcU%2F3bD%2FsDBJSQPwA%2FgY%2FweKy4obEr0DiV3ChehxiZ%2BXsZdRu1%2BOrr76q%2FmnWWs%2BNpYL0GrrUWPz3xV8v%2FnnbarWyqbHjWesTKRLnrUh9vf52b390ebE3vIRLSQ6cD1kNeCNK0ujASwSLSngy2kmqIEE%2FRdSAekLW6BK1FwoqtJyxFDpFEDoDTI02JaUP%2FiANx6ISHBaBb0LO%2BYMlXUBOtnRtBoDviUs6o1R4Yx0fUxUyhOFr6AGW5FyE12SOgEVRWCyER%2FDmhkFYcmMQzpmU%2BDKDKXkJqWTHlHMs%2FOeFTqIbOKGQIV0gQ9RgdPRH7%2BDri9d73wATFRxHEjHpAhmYfGXpbbhCyLDkJMx6xCWFj1Atl8UhwFGhKecg2nO0CdoI87u%2Fb391UlR8XNkCRjIn%2B1HKuLw0sCdHSOoFLczSPS8NNKGc4SY09M2BvbcPqUXhWBwRgJfWhEJCYphT27DlIl0Nfw08KitrJpw0FRXFYNGGL2wbDs0U%2BfAUpggmcWiZ%2B4dkVMZR05KVDDBkhkSrBPgo%2FIShZxHhQ%2FE06mNhRhZYko4VWkMETqwzjN%2FozFEadrjHDt%2BEeMfV5nMBf%2FVO1gSlmBB7REAuOC8YbqKiEiaoTBXN2jA0Vc2zKj388Rv0Ot0eHBup4YoU1vClKKtvYcTZnsKpZ71xpIOLczhYJGorkTIKLuolt7bodXrbG51nJSOM%2BdAe6dzMWh8WInjJs3OLXHDAdfTkFd58sR9cHHQHo0aZBcvkboqWcuQTo0KJn1X3UU9NI%2FhZa40qUeCF0AXOWh9w26zz53zz5HepxN3xTxX9LCUhTu8vbJdpUUb7POc9o2p8Fa6JsOBGazpkrnl%2BJGXWKGytsD6aCi%2Fm1vJE%2FBDqMH7UOD%2FhhTM2c%2Bt8JElfP257JrQo7nDIkQzahTHOrVPK3Kz1UZoZqrqddrfT6W2yYtvd3a3djFyib%2Fnr9M%2FUGexsbWzt9vvU7QwG3Ir%2BTlqK4ro76G%2FvDHr97S1pKtQ8Hjfjq6XLUCkjsqPMPxskV8Pj0%2B7hWb4zOOvvvvn%2BwF43TWs6fB01stHtbPT6ZRUSRY7XyLzJa0092EincCHxdRWrGwvrKVV4yT%2FXWOto8hNW%2BfI1sl5VzbYqJd4P%2B%2FXQBO0%2FX%2FvUW8x5S7HOsyt%2BOlxz%2F6Rzp54fh8ZWptloS2ph6Tc6%2FX8Rni9NH8%2FK%2FRvAbC%2B9Aa%2FiCD2Hg7Ii2%2BzlUfMSxYkbLc3Oy8XsZLG%2Bj9Ng1Q1I7yv3fHOT29M2tth8t0X%2FAQ%3D%3D
https://dummy-citation.com/citation?d=z%3ArVldbBxXFV6HNqQlrhqSkGBV0XVI0ti1nZnZ2bXXjsmud%2B3Y6bZ21w4uAZXO7tzdGXt27jA%2FdjYRkRtIKhAqQSiiVYQECBQVCQTKA7HUKLQUkIoQoi%2F8qA8kRSEgUAVpKYlbwrl3dj13N3Yz2%2BbBu%2FNzznfP%2Bc53zp31PLUY%2BXCpoHnm7Jh6eIcYVeVoVFa6cT4R65bluNSdEOO4W1UkUVZjGBeFWMkgBcUl9mKkZcZSSvhRr5zHdj4uFomtl3SzpWypxVG9pBnw5zpgpjMPnZjOswOLkTVqPk8OL0buKmqYWiztu35t7UIkElENXHSXkqnTL8NJpOASayk58FqanuB5XXW1peRHXnzx23DKrbt%2BBcDkh%2F7SSb2qgJnv7EerAW66cv7PTQOOPnE%2BuRrgxrVHaC63AWxIOXv2h0%2BuGmHbV0Ok3AA4sXMbdVoRcMu5r4dIuQEwt%2FWtn60a4Y6X6b3mACf%2FdGlVDje3nQgD%2BLYocIAHf3pvUOW9656khFYB973%2BzB8ofnOA7Tf%2FExRl8KRBb9UibBOuhYgQZJOlZlVA6eobgbAHDx2gFaoBfuz3vwwhGwDkI%2BzfdDRIuQFw4yv3hkn5%2BrWNNMmg9VYFvA%2FfDNN6dwuHKEQVcHiQBLIZFH7Bc5i48kSICBtSfuyVS1S8K3O444HmU67TYQPg%2BmtHaC63i3Dtqy00ppoOp%2B8JWm%2FvO6f4lFHku2F6uV6H2yORIMJkai8PuHML66nbAf73dYGLsA4wFfkk1ylJlJik95qLUNbeomc1wCRFaLr1JK5T2m8yrVUBLw5xgMntR94JV%2BUtXMpye3%2Bgw9TzsbqJ%2FdT2cCnzEQ58k5s2qYsZevKBUt4eWRukPHRshANMovX%2FDrdJbeaELV19O4hwSOujay2nPDsQbpPiORwYf5yLsAHweyfDCZtPObX4XDBgh46NckV5vxyuCQZsenCMBl%2BLsD3VES7lHRyg3D4QTJv0g3vrh8NvwsimHrCOwwbA1gsPhttGecC6id0AuLmtEm4b5Tkczn%2BNAxzM3llhp989wPfyhrZnwgDe%2BCgzWy7KKAd4JclXeePPd4d5tqkHHBj%2FDFflesAN575ENXrbXe9zZ2hMVcDk45NchL89yU%2Bbrff%2FIExR6iOEbXTVCDf%2FlUmquaKMbTvPdcq7D3O9%2FH4n9pvBnpJ54RFeh1vuORTqySG5jZs20tV%2FBilnTh3n5%2BFDD%2Fw4nGzOcBymTr8UTJvM9zP8%2BGq90BrmUaQ%2BwrqiNES4q5%2F9hmmOw%2ByvTwSyybww8YHnYfvNGwHg8NEcr8PW3x0L8wTbWJR%2FBbIZHj%2FB6%2FAh83SYefgeRRlWR%2Flnm%2FUz%2F2heNnW%2F9Roj%2FMLfmo8we%2FZHXMr1EW5qe7r5okz08oBHJ%2B9A6%2F0vSHmk%2FyDfehveTIQYXw0py%2B2ZQDYjn8jyz4f3v%2FbF5jmsG7ANgK29NJWmZcPteg2Am%2FPsp3pzgMODVqDDWwDjzQOO3rgUVLkR8NU%2FhtpT6oRdp8OR%2B77Mj6%2BOA%2BfC7Hr1ssl1cj98RvqnOdncgWkzcv3TvA7X%2FV0OJ5uzdQ%2FtQxzg5Qn%2ByWH9gadD%2FV6%2BtsQB9m%2BaXxVwY7qzcR7iz3vExZU1XUjoEUQJvXHxAhzEop3Vo2gf3BBlsbOzEw4kOQHf9EiM9vmXRDlOD0Qkiig7vH885zuKArhUMaQEBRdkChCTqDW7HhWYp2%2Fuo%2Fj28Xj1oC9OVxBign8ei0f9pSaxPacXMNJN1XNcW8cOXEwPT6Dd6XGpA44l%2F2xecVzcARAxMeZ7RlF6BG5MTeY6asFJdAlYid6W%2Fdu58RT1EoQY%2FWThiwnZR4ih3K4McxFY%2FkJCoIxUwaI0xwSQRE3jKJ
https://dummy-citation.com/citation?d=z%3ArVfLktu4FW1Pkkkqr%2FWkUqlCVSo7PUipW62erMae9thJnHg8fkxmBxEgiW4QYAGg1PTKmXxBlvmAbPIDKa%2Bzz0fkS3IuSEmUu%2BXJa9EtkQSBc8%2B995yrr9%2BefJBbpwpl7omNdddvT35U8pUPjmeh%2FfBPjw0LpfLMh0a0I6ZMkK52dq1MprhmNTdSM8EDZzZnD0plOMudrdgsSVMWLD5nCeNOMi%2B1zIIUjBvBZFUrpzKudcvkDa%2BUwQOsFhLb0xUOlUzmOV7xtHMoncTNtpbxUpq1ctZU0gSAcLJoNA%2FKAqu12n%2FMMltVOGdMf5k1wVk9YhV31zKMgRyvqbUcRSh1s9IqG9fcBZWput%2BGDpqw56U0I1Yq6bjLSsJLZznpPS3ihuvWgxvaRhlQ1vSA1twpvtLASpE3vgsurn8t4%2FK1dCpvY5SVFAqnmoIBpYzByqw0VtsinqiMsesIa8KeSd9oMOJLu2HGMq8Ko3IsMwHIOg58qWq2kmEjpbmLiCFdMRcHXNZW64aejdimVMDzLmvHSdvv61nJaeUQHzJtZIHHeKBMqVYqWIfsxxwzvH4ERzwvQlerJqAG7OCZk6LJOmpQqFwI1UFHhdKDDquzGTI24NGzWvMWtQv0sQQPU%2BB37N2K%2Fd%2BjLj7b7vENVL0%2FBSi1GvTgaI3mC2VDYQjwGcGGkoejxcJiYfb8EvYNQgZ5kTLZH0J1IysV6xn1%2FsBWwIlq3ahQ7kjc7xmJfYdMpBoHUbho3UE692xsD9hniyGTVB0V2MdLe3771xsjaK8jTU59ieByYgIs9IQgbZEPrCaFUh6lsqWmHeK9TfggGzlXOvYq2l12JdyoQL2MYghZyaCV%2BHajKvWaDj%2FcaCWNzFUAkw8bh952e42gju0R3pI2Urv%2FQN6I3UglAbhNsyf5oYiZUDjFYRNWQ26s6JQqasdQOLKSmyJqlQXxpNxJlL4hyK2OrDiJ2QDRRvJrEslOLEJpwXsf1KAfVsgPRUOP%2FjtBwXIncfhE84wqUIpPsWcBe1mMk9OKBILDN9xjk9u3J98peAMszr%2FRCiWdhYf4s04sJvOlBE2N%2FK4MKmhZPJJatdbka6uh3t%2FXO6XBy3%2BENwrDK0kemcOldJv93jayAGpTfIWIrSkEScbJHSsfbVeWnzXKw0mOLhWvKAFxbfYE5RyXZUr4tycfZsKqm58hI2mSLqZXk7LDO0HgpxM5W6YXC6H8yrzBf2%2F%2BoGanydl4eXqalLaWKD55c%2F3qdH4xT2fJeXoh6kqJcr48O08XZ0nZ1Npy8ViEy7xeLOz8V68fpp%2B94F%2FVy%2Ftnv7uKPEWar%2Bi0cTIfz5IqZgrh9Ezfi7FcX2ov1%2FBJdv%2FlNUTLNi6TL5y%2BScsQ6o%2Bn081mM8mk1hMU0jQmWcvpFwSWsOLzdDY7T6a1yAvfrKgRQM91v%2FA5Lu%2BhCqTNfw16hrclGkS3WKszheHifvsANRx%2BGJyMlZ9J8QozjY93P%2FpFl%2FOb6hGNGbZAt1oo6s44Ga%2BQ0KPdBwE%2BorXdJHFExQVF872sARtjYsODDiR1Yl0xfW9eb09mP95PZt8eRRHsqQBKsB8FBm27Ha6YBieOhwZDCIkHnnXd8F6RifqSK1f5f775MzV%2BTbRRcZLwQ%2Bwr9CG2hMXBUBwXGKSQlQbAWqYteRMxAhTatrT7zo7VWgXYWDcu7YeaKDVrJShdQ508DhCyxbTkcaryATc9WIhOPtQ1LjBlQY52MgYKOrgH2DSt3ePuR4YdXhJSYg7AHIasBktwpxMqACL3gktsUNtjCiHgdFCDIvYyyt2uDsZ9kUhXtFC%2FII0n9fPABq0ZRU%2Fc%2BgNQbzMVZ2cyyr5O8Qqiptp1YAWFbqDrhKjHTIx%2B0pmMR2eyoCpETGaEPf2e6G%2BgmDKKVcN5AtMkSAcbuy6QO9
https://dummy-citation.com/citation?d=z%3ArVfLktu4FW1Pkkkqr%2FWkUqlCVSo7PUipW62erMae9thJnHg8fkxmBxEgiW4QYAGg1PTKmXxBlvmAbPIDKa%2Bzz0fkS3IuSEmUu%2BXJa9EtkQSBc8%2B995yrr9%2BefJBbpwpl7omNdddvT35U8pUPjmeh%2FfBPjw0LpfLMh0a0I6ZMkK52dq1MprhmNTdSM8EDZzZnD0plOMudrdgsSVMWLD5nCeNOMi%2B1zIIUjBvBZFUrpzKudcvkDa%2BUwQOsFhLb0xUOlUzmOV7xtHMoncTNtpbxUpq1ctZU0gSAcLJoNA%2FKAqu12n%2FMMltVOGdMf5k1wVk9YhV31zKMgRyvqbUcRSh1s9IqG9fcBZWput%2BGDpqw56U0I1Yq6bjLSsJLZznpPS3ihuvWgxvaRhlQ1vSA1twpvtLASpE3vgsurn8t4%2FK1dCpvY5SVFAqnmoIBpYzByqw0VtsinqiMsesIa8KeSd9oMOJLu2HGMq8Ko3IsMwHIOg58qWq2kmEjpbmLiCFdMRcHXNZW64aejdimVMDzLmvHSdvv61nJaeUQHzJtZIHHeKBMqVYqWIfsxxwzvH4ERzwvQlerJqAG7OCZk6LJOmpQqFwI1UFHhdKDDquzGTI24NGzWvMWtQv0sQQPU%2BB37N2K%2Fd%2BjLj7b7vENVL0%2FBSi1GvTgaI3mC2VDYQjwGcGGkoejxcJiYfb8EvYNQgZ5kTLZH0J1IysV6xn1%2FsBWwIlq3ahQ7kjc7xmJfYdMpBoHUbho3UE692xsD9hniyGTVB0V2MdLe3771xsjaK8jTU59ieByYgIs9IQgbZEPrCaFUh6lsqWmHeK9TfggGzlXOvYq2l12JdyoQL2MYghZyaCV%2BHajKvWaDj%2FcaCWNzFUAkw8bh952e42gju0R3pI2Urv%2FQN6I3UglAbhNsyf5oYiZUDjFYRNWQ26s6JQqasdQOLKSmyJqlQXxpNxJlL4hyK2OrDiJ2QDRRvJrEslOLEJpwXsf1KAfVsgPRUOP%2FjtBwXIncfhE84wqUIpPsWcBe1mMk9OKBILDN9xjk9u3J98peAMszr%2FRCiWdhYf4s04sJvOlBE2N%2FK4MKmhZPJJatdbka6uh3t%2FXO6XBy3%2BENwrDK0kemcOldJv93jayAGpTfIWIrSkEScbJHSsfbVeWnzXKw0mOLhWvKAFxbfYE5RyXZUr4tycfZsKqm58hI2mSLqZXk7LDO0HgpxM5W6YXC6H8yrzBf2%2F%2BoGanydl4eXqalLaWKD55c%2F3qdH4xT2fJeXoh6kqJcr48O08XZ0nZ1Npy8ViEy7xeLOz8V68fpp%2B94F%2FVy%2Ftnv7uKPEWar%2Bi0cTIfz5IqZgrh9Ezfi7FcX2ov1%2FBJdv%2FlNUTLNi6TL5y%2BScsQ6o%2Bn081mM8mk1hMU0jQmWcvpFwSWsOLzdDY7T6a1yAvfrKgRQM91v%2FA5Lu%2BhCqTNfw16hrclGkS3WKszheHifvsANRx%2BGJyMlZ9J8QozjY93P%2FpFl%2FOb6hGNGbZAt1oo6s44Ga%2BQ0KPdBwE%2BorXdJHFExQVF872sARtjYsODDiR1Yl0xfW9eb09mP95PZt8eRRHsqQBKsB8FBm27Ha6YBieOhwZDCIkHnnXd8F6RifqSK1f5f775MzV%2BTbRRcZLwQ%2Bwr9CG2hMXBUBwXGKSQlQbAWqYteRMxAhTatrT7zo7VWgXYWDcu7YeaKDVrJShdQ508DhCyxbTkcaryATc9WIhOPtQ1LjBlQY52MgYKOrgH2DSt3ePuR4YdXhJSYg7AHIasBktwpxMqACL3gktsUNtjCiHgdFCDIvYyyt2uDsZ9kUhXtFC%2FII0n9fPABq0ZRU%2Fc%2BgNQbzMVZ2cyyr5O8Qqiptp1YAWFbqDrhKjHTIx%2B0pmMR2eyoCpETGaEPf2e6G%2BgmDKKVcN5AtMkSAcbuy6QO9
https://dummy-citation.com/citation?d=z%3AhVXLbhs3FJXTBwoU6DpFNwS61WNGih9pV4njAEabwnGdOFsOeWeGNocc8CF5unLzF%2F2AbvoDhdfd9yP6JT2ckWWpLdKFBJJzH%2Beeey75893oUWmdqpTZkyvrru9GX9S88MFxEbqPxxe18oy7oIQm5mipaOVZqIlR0yqnBNdMq0COh%2BiIWdN%2FU00Lb89sycgslbOmIRNg6qiKmgdlDT4aVirX%2BL9uf2HCNi0FFdSSDHkk9Kwh7hFSsqJjACNpzJSREcA6pq3og4wTCm27FH3MWmdlFIihQjdm3Eg4GLvsLafsImFeKklGEPO17cvg4QMABTdME5csWOYDDj1Y4Fp3zKvKqBIbExiXS3IescuS%2BppBwQB3B5tOtg%2B4E7ptvIDaMwdgLjAXYYKTticegFzacbYirSephIDsoMbHwlNINLdW65hCT%2FrQYNFV3USZQMaDVOaBzTo%2FZkUMQ93IBtT3neJonm9QHBhI9cMFVVcpDlgJjoz0PaI15sTosz4I87yBsWpQMbaIA8FsiP4filNHYfXQp5QDSgPzgURtrLaVog3spEAfdVCmYgWwlQrQpWXGog9tS%2BAJqAtiYKxCS4yNVZ2ObAwrUmmNGML6QZvbSDAD6wT9GchNLAckR6EbNUIzFh2XWEEf%2FxDtNpfKCAcXAIVcsLGutZgRhEVPbJ9JUpLRB2dkzMrYzxXyoThRs5VCi1CgIZIIltB4n5KniEuulUxi6iXQ6%2FEeG7L4CP9NHckE3pBHig9veGGRakLuAsO%2BUmHgaxeeLa6GuH3Q9B3aUyIRpbkQSEbyBSqt5tn8YJI9aYSFn4KQTk1p70afVDwGqNzf6oGwl%2FhZJ%2BfTo4yU95EeJVI13YzP%2B%2BsmpTnZgXCCkLZRYqjiLKXvyqXVsaHP202679OwWXc32lMtr%2Bicm4pw2WFynA9nOHn8e635evmnTn5OQWeA9h520kDX6XIseaN0Z19Aj%2FSTptb98RvmgapEbfUM3UQy6aym0b%2B95I%2BAMJiWr5THZrAUSvq70adCWuXzbJpnTxczxGzxd5PlC6l8YW7x7817lR%2FuZ5ODo%2FzgfjV%2FIhpeXc3zo%2F1sMc8Wi9q2ZDgYu77cOoy4fbg8leHdq5PL14c%2FXLQXC%2FfurXrt3hbPr3qm%2B0ZdzbP8cJLtT%2FKDpo2FVh5TPPRqry%2Fn5qs3BhU4n6SFZhzXuPkqy87SFFzjz0Yn6I3TNy%2FrEFr%2FzWzGBW5AdGhqYzuFpobi1s%2FIpJXlLM9n81l%2BtJjN959mi6PF%2Frr0KT5WuNdC1yYer9c%2BF9juYSTIlt%2Fh0tg%2BJkhCd7DVAg%2BRfN4d22jClx816FKJ%2BwjXkLzEw%2Bb788e%2FrtX1bXoQTh8eql2Jne8%2BVMe7oy4Tus9ERMlf35eMVk6tq2b%2F0c6%2FAQ%3D%3D


processes. Consequently, the relationship between emissions and financial performance is 

expected to vary across firms depending on their performance levels and strategic responses. 

Market-based regulatory instruments provide flexibility in achieving environmental targets 

while allowing firms to maintain operational performance. In this context, the Perform, 

Achieve, and Trade (PAT) scheme focuses on improving energy efficiency by setting intensity-

based targets (Yu et al., 2022). Such mechanisms enable firms to improve environmental 

performance through efficiency gains while continuing to pursue growth objectives (Μακρίδου 

et al., 2019). 

While prior studies have examined the relationship between environmental regulation and firm 

performance, evidence from emerging economies remains limited (Gerged et al., 2020). This 

is particularly relevant in the context of India, where firms operate under increasing 

environmental pressures alongside strong growth dynamics (Raza et al., 2024). Further, this 

study also advances theoretical understanding by applying the Environmental Kuznets Curve 

(EKC) and the Porter Hypothesis. The EKC predicts a non-linear relationship between 

environmental degradation and economic outcomes, while the Porter Hypothesis emphasises 

the efficiency-enhancing potential of well-designed regulation. 

Moreover, most studies have used linear models, whereas our study uses a non-linear model. 

Prior evidence suggests that the impact of emissions on CFP is not monotonic (Trumpp & 

Guenther, 2015). A non-linear model accounts for the effect of emissions on CFP by capturing 

changes across different emission levels. A linear specification would impose a uniform effect 

by averaging these opposing effects and thereby failing to capture the threshold levels. To 

address this limitation, this study employs panel quantile regression (PQR), which allows for 

the estimation of distributional heterogeneity and the identification of turning points across 

firms. Accordingly, this study examines the non-linear relationship between GhG emissions 

and corporate financial performance while assessing the moderating role of ERE. Using a 
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balanced panel of 92 Indian-listed firms over the period 2017–2022, the analysis captures 

variation in the performance distribution and distinguishes between firms exposed to regulatory 

mechanisms and those unexposed to the regulatory framework. 

The findings of our study reveal an inverted U-shaped relationship: moderate emissions 

initially enhance CFP, but emissions above a threshold decline CFP. More importantly, 

regulatory exposure alters this relationship in a heterogeneous manner. The findings suggest 

that lower-performing firms can extend the range of emissions that do not adversely affect firm 

performance. This can be attributed to gradual adjustment mechanisms, whereby regulatory 

pressure encourages improvements in energy efficiency and the adoption of cleaner production 

processes (Oak & Bansal, 2022). 

In contrast, higher-performing firms experience earlier performance trade-offs under 

regulatory exposure. As these firms are already operating closer to their efficiency frontiers, 

the scope for further efficiency gains is relatively limited. Moreover, additional regulatory 

requirements impose binding constraints, leading to rising compliance costs and diminishing 

marginal returns from emission-intensive activities (Gerged et al., 2020). This implies that for 

high-performing firms, regulatory pressure accelerates the point at which emissions begin to 

adversely affect performance, reflecting tighter operational and financial constraints. These 

findings suggest that regulatory pressure reshapes firm behaviour rather than exerting uniform 

effects on performance (Chauhan & Thangavel, 2025). 

This study contributes to the business literature in three ways. First, it provides evidence of a 

non-linear relationship between emissions and performance, highlighting the importance of 

threshold effects. Second, it demonstrates that regulatory exposure influences firm behaviour 

in a heterogeneous manner across the performance distribution. Third, it offers managerial 

implications by showing that firms require differentiated strategies to manage emissions and 

sustain performance under regulatory environments, particularly in emerging economies. 
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2. Literature Review and Hypothesis Development 

2.1 Theoretical Foundations 

The most commonly used theories in the debate over the CFP and GhG nexus are stakeholder 

theory, signalling theory, and agency theory. On the one hand, signalling theory and 

stakeholder theory largely support a positive link between environmental disclosure and 

financial outcomes. For instance, signalling theory posits that transparent environmental 

practices, such as disclosing a firm's carbon footprint, can convey a firm's commitment to 

sustainability, attract socially responsible investors, and improve corporate reputation 

(Choudhary et al., 2018). Similarly, stakeholder theory (Donaldson & Preston, 1995) suggests 

that addressing the concerns of various stakeholders, including environmental groups, can 

enhance legitimacy and ultimately lead to superior financial performance. On the other hand, 

agency theory suggests that managers might prioritise personal gains over environmental 

investments that do not offer immediate financial benefits, potentially leading to a negative 

relationship between environmental performance and financial outcomes (Bodhanwala & 

Bodhanwala, 2018). 

This divergence underscores the multifaceted nature of the relationship between GhG and CFP, 

highlighting the imperative for more nuanced analytical frameworks. To reconcile this 

complexity, the present study adopts a curvilinear approach, acknowledging that the nexus 

between environmental performance and financial outcomes is nonlinear (Broadstock et al., 

2020; Gerged et al., 2020; Le & Nguyen-Phung, 2024). Grounded in two seminal theoretical 

frameworks, the Environmental Kuznets Curve (EKC)(Nielsen & Alderson, 1997) and Porter’s 

Hypothesis (Porter, 1991; Porter & Linde, 1995). 

The Environmental Kuznets Curve (EKC) hypothesis posits an inverted U-shaped relationship 

between environmental degradation and economic development, originally inspired by Simon 
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Kuznets’ work on income inequality. The EKC framework, extensively developed and 

empirically validated in environmental economics, suggests that in the initial stages of 

economic growth, environmental degradation intensifies due to increased industrialisation and 

weak environmental governance (Grossman & Krueger, 1991). But, as income per capita rises 

and economies mature, there is a growing societal preference for environmental quality, 

accompanied by stronger regulations. Therefore, this evolution leads to a turning point beyond 

which environmental impact declines despite continued economic growth, reflecting enhanced 

environmental efficiency and sustainability. 

This nonlinearity captures the trade-offs firms face between profitability and environmental 

responsibility (Trumpp & Guenther, 2015; Zheng et al., 2021). While the EKC elucidates the 

trajectory of pollution relative to economic growth, it does not inherently address the 

mechanisms by which firms manage the cost of environmental regulation. Therefore, we use 

Porter’s Hypothesis that offers critical theoretical insights. Michael Porter (1991) argued that 

stringent yet flexible environmental regulations could stimulate innovation that offsets 

compliance costs and enhances firm’s competitiveness (Porter, 1991). The “innovation offset” 

effect posits that environmental regulation is not purely a financial burden but can also act as 

a catalyst for technological improvements and efficiency gains, ultimately improving both 

environmental and economic performance (Porter & Linde, 1995). 

In the context of India’s ERE scheme, Porter's Hypothesis is particularly relevant for a market-

based regulatory mechanism employing output-based energy intensity targets. By introducing 

flexibility and tradability, the ERE incentivises firms to invest in cleaner technologies and 

innovate while mitigating upfront compliance costs. Together, the EKC and Porter’s 

Hypothesis provide a robust theoretical framework for interpreting the empirical nonlinear 

GHG-CFP dynamics observed across firm performance quantiles (Trumpp & Guenther, 2015). 

The EKC explains the fundamental inverted U-shaped GhG-CFP relationship, while Porter’s 
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Hypothesis clarifies how flexible, innovation-friendly regulation like ERE modulates this 

relationship by enhancing firms’ capacity to absorb regulatory costs and maintain financial 

viability amid environmental constraints. 

2.2 Hypothesis Development 

Prior studies across developed and emerging economies examining the relationship between 

GhG emissions and CFP provide mixed evidence. Some studies report a positive association, 

attributing improved financial performance to efficiency gains, innovation, and enhanced 

reputation (Yadav et al., 2015). For instance, Fujii et al. (2013) find that improvements in 

environmental performance enhance economic outcomes through energy efficiency. Similarly, 

Lee et al. (2015) document a short-term positive impact on financial performance following 

reductions in emissions. Evidence from European firms from 2005 to 2016 further suggests 

that improvements in environmental performance are associated with higher profitability 

(Tzouvanas et al., 2019). This viewpoint is similar to research on Japanese firms, indicating 

that lower emissions increase firm profitability (Iwata & Okada, 2011).  

In contrast, other studies demonstrate a negative association, attributed to increased costs, as 

contested by (Le & Nguyen-Phung, 2024). Similarly, research by Delmas et al. (2015) was 

conducted on US firms, which found that a reduction in GhG emission performance reduces 

ROA in the short term. Such conflicting findings suggest that the emissions–performance 

relationship is complex and cannot be adequately explained using a linear framework.  

Accordingly, a growing body of literature highlights nonlinear dynamics in the emissions–

performance relationship (Kimbara, 2010; Misani & Pogutz, 2014; Trumpp & Guenther, 

2015). For instance, Kimbara (2010) documents an inverted U-shaped relationship between 

emissions and return on assets (ROA), indicating that emissions initially contribute to higher 

profitability but become detrimental beyond a threshold level. This pattern reflects the trade-

off between production-related gains at lower emission levels and rising regulatory, 
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operational, and reputational costs at higher levels. This relationship is consistent with the 

Environmental Kuznets Curve (EKC) framework, which predicts that environmental 

degradation initially increases with economic activity but declines beyond a certain threshold. 

Applying this framework at the firm level suggests that moderate emissions may enhance 

financial performance, while excessive emissions reduce performance due to inefficiencies and 

regulatory penalties (Clarkson et al., 2010; Linn, 2009).  

Therefore, based on the EKC theory and prior empirical evidence, the study hypothesises the 

following: 

 Hypothesis 1: The relationship between GhG and CFP is non-linear, following an 

inverted U-shape relationship. 

 

Emission trading schemes and their impact on financial performance have been widely debated 

in the literature, particularly in the context of environmental regulations, such as command-

and-control mechanisms and market-based energy-efficiency schemes (Li et al., 2017). Porter 

and van der Linde (1995) propose that well-designed environmental regulations can create a 

“win–win” outcome by encouraging firms to reduce emissions while improving efficiency and 

profitability. This perspective is supported by subsequent studies that highlight the role of 

energy-efficiency improvements in enhancing firm performance (Makridou et al., 2019; Zheng 

et al., 2021). These studies suggest that reductions in energy consumption lower operational 

costs, thereby improving profitability and financial performance. 

However, the impact of environmental regulation is not uniformly positive. Some studies 

emphasise that regulatory compliance imposes additional costs and constraints on firms, 

particularly when emission limits are binding. For instance, Clarkson et al. (2010) and Linn 

(2009) show that pollution levels and emission constraints are associated with lower market 

value, as firms incur penalties and increased compliance costs. Evidence from cap-and-trade 

https://dummy-citation.com/citation?d=z%3AvZTfbts2FMbtDht2Mew6G4aBdwOGWaEUx3%2B6iyFpnCFduhpB5qKXNHkkHZsiNZLy7FxlxR5gu9yj%2BHX2JDu03cBBmwIFigK2IB0dfhLP9%2Fv0at16lFuHBZq2%2BsO6%2Bbr1hRZSgvegzkSAIuPZcYcPKmlNEGjAXZjcrlufFqIJpXX%2BVmNVCxnO6W%2Bd6iWDIaD3DbQhYNCwTJ%2Faxhmhmc3ZyCzQWVMBaWk2Ik1bofRMGMWeCSMKiLfyhdVNBQc%2F1ncPvbRSkPy61caauq6EKYBeHXN0Poyp0i612J59qeMqh9OGFvg%2FqUsZUcXuPBcV6pW6RGOgwAWY%2FKn1ZSOUsxpaEpVftz6TyuLy65QnKU97h7NkBlAlGefDhPcSzlOFfmpu6ejNK6QyTac37GHKh70O73aHshLFLONpn6fZcbdf2hpo97Ccv9grNrW2Ql2oMBldFYvJSX5zMrk4d88m9vlvdraZ32b8JMSHNH5SrupmqtGXrx1ob7Y1H2kPCwTHTieFb6ZhVcetzoULKDVc02UbrQGb%2F4JG7ZeBLNAr6tUSA6jT1RPbmHDQDQ5ycGAkqBcEhN%2BWv9m56a5LYJDnIEM0VIq6Q%2BZ1ghMKWO1s4UTlmTWMnKn8f7f%2FxmKOwT9mowWqKMtyZysWSOdXDLQCDHu%2BpFuenTaqgMCuSQxNwcZbORX39LlsnF5%2BX4ZQ%2B8eHh%2BRRYl1x%2BLBNHxrsLBnwLdiPdqP4bg%2FsEynjmOJbR5bH0SrJxpaOq9c4f%2FseOB%2Fc3PF88Pc9oP96E%2BjyiRZkFLm8gRrGEMBtmX6zeXqJ2zb5khh7oGl2hbIUTt1p4s80AnL1LHloSTERfiHcThzPNQ3fsPGufz9bbM80coSwrq0m66gc3UuP7ics6w86XQoNpoP%2BUSfjfb5J2FGaZdnRoJvuJ2yveJcwfjLXM2VX6UtCue%2Bzm%2FGiez9hKe%2FE3%2FHHSdhXn%2Fzz9oj9sONKnlnKAgbmIK5ntVixYNkUWOEAzE%2FsLPpboREmbD%2BdxIeH35soSNnLY%2BQIWvKBwb0PrqeYEvkIfi9T%2FB2Zeqs9%2FwM%3D
https://dummy-citation.com/citation?d=z%3AfZLPbtNAEMYTBBIHHqCXSr5xsmO7cZzAAalpi4Acwh9Ridtmd9aeZL1r9k%2BIbwXxDjxL3o5xkwISag%2B2dke%2FGc1%2B3%2Fd9P3gkjcUK9VB8M3azHzxTjHNwDsQF81DlaV7E6bThRnuGGuwbLc1%2B8LhiwdfGuhuFTcu4v6LPWFEkaQYevYLd6VsTrGYqMjKaK2DUGy2tEYF7NFpujQoNnPxq%2F0xeGM5oxn4wxJZV8IHpCmg%2FlGidX1LlpKgVOx5fqr7P4ipQi%2FtJnNCs6XkpWYOqWy0QKtyC5ldMC2sUDP6H%2BJLWuqXkxzp0D4ALDAdQvE7eJ%2Fdh4ktt7rgl6OrAcRRuP3jChcHdaZYmWZpNRutkzRW01iR5mpVJepak47FAt9I39Hf6B6azYhZPinyC2bScxVk5nfCGVeu8mOXluCjKsjYtkMKw21z%2FLa6pOxzcW%2Fej4%2FSsN7ANK4WuvjNweLv55lI52CI5c%2F65cmHlu7Z%2FzYZZj7TdJ7oOySww8h1q8W8ZPFOqI1Zx9CDOu7kJ2p989RYkWFIdxDXlyR3Kz4%2BZYBcGXARkdtVFICVyJLSLmJTAfSRRM82RMtOCpVw2dINX0eUWRT8xktY00bymsDg4TolRe9COFKdu2zjRP%2BEpD1bt4tr71r0YjUj3xNhq9KD0vwE%3D
https://dummy-citation.com/citation?d=z%3ApVbNbttGEHbaoD%2BH3lu0hz3GQERJVCxbuRSN5QRuajSIHDjtbbW7JEde7hK7S8m6pS36EH0Uv06fpN%2BStC3bkYG2gCiJy%2Fn95psZ%2Fn6580lmHeVkHsmVdeeXO18VfO6D4yKsH69OC%2FKs4pVyTF1U2jrlWSgUU1mmRGA2Y4cFGf73h788UyV5T9YwKEsyOfOiUKViT45OZ7usIm0Dq6wmsWZUVhqPTFCSydpF4XQwHPXw9YzBguBujp9ri%2FCPKEtuhErYD9JWIarEQKaESJzCgx6Z3s0dezI9nu6y0kqln7KVYhkZCQ0enrPh7kbUCO52bIIb5ik3lBH%2BBt1E6%2BxSNf4eiCyiocnHnIQtK24IYBHggFrnAWYIkj5h6S47xXmhgnI2V0ZRWDNuuF57IO4Lu4pA8%2FB%2FnCqOcwc0Lf5w3QXBHc5ZgavLS95OF2gVJAqGMAzEN55d2RUonIM9DkRXqvWxYTtho112toH4f0ObjLFLHmK%2Bgld8TppCTO4jCT9lvs5zRNKyAh43lJEHZ6LgxijNAFuTApyA4NFWvHsgvofJuLW8Py8VEALzbO2YD7Vcb9b0npdYjUrzNZLiLEf2zjTmndWNjybABu%2Frmj3YIhH92iEyxwrKC40LlbRoRuhbF2IxN1oR0EeoPFtRKBh6vIrNHSzoqauI6Q21PEdpQFeXR7pKCMsagV6FgVLEU8RY2usevQqliz32%2Fe3JcRePRHMBGL2SUx5Ung7Svd7goBTWBE7wfWwye7nzOOd1KKzzH3Rbzpe4rJOjZH%2BsAgWtLr576aBDyjU9cdSG%2FVZ5xZ0osqXVdam%2B1NGuo3kNZf8nBqI0vFRxMGa8JL1WvxbK5CqnJfL%2BpS5qLmNddu5LilltWrniPXG75ibfJgqjeNoKzw%2BTbWLy7Foqn3K7qIHuNucn3Hb2fqxbIUHSX%2B58JqSli2%2BGg2Q0Opj0M2VcngDTYbK%2FN9nbTyX5ufmAb29%2BozSdjHt7k4P3ouT5YpQOBmmaHkyeFbZSmE7q4vxs47DGSuDyWIYX1bFOFydn%2Ft3y9fFsFt6feLGAxbot4SK66w0mveG4rOo5%2Bhd8aKv4qEnD3hTqREni5yAhWkeod05fvChCqPzzfn%2B1WiXZlSCZxLq8z10goZXvb82vX8ks9%2FU8rKsI13mncYrbR6CsstlrTKrNY4VpqdeQ1YIwaF6sD21twtdYbKpbL%2FIMu9K3x6OObKeHmGVHV%2F142i3BWbsEj7updti27bXYm5u2%2FZ4dLUk2ywtolG1%2FyBj1F6IGDLtXMKCcTepbM76%2F1D%2B%2F2zyffrx51HCY7D1rEyq7fnnT9OStLvnjPv2KExSNpK07tr5SCJG2tko%2BtTVGke%2Fa5QQbh4MW28QXr7jmjjBTOo0cCGqynUJL9McN0b8FLMPBcNxfJMpgngCY4SQZpPiMN6leDEZ420iHezcsXshUqPHFvp6mgXv1ZvbT2%2FEGi2W09G%2BZ1FBjFnc99iHKTHER397fGbkyvmVFNaowikGbbrEcvbsZrXfeq1pm%2FAM%3D
https://dummy-citation.com/citation?d=z%3ApVbNbttGEHbaoD%2BH3lu0hz3GQERJVCxbuRSN5QRuajSIHDjtbbW7JEde7hK7S8m6pS36EH0Uv06fpN%2BStC3bkYG2gCiJy%2Fn95psZ%2Fn6580lmHeVkHsmVdeeXO18VfO6D4yKsH69OC%2FKs4pVyTF1U2jrlWSgUU1mmRGA2Y4cFGf73h788UyV5T9YwKEsyOfOiUKViT45OZ7usIm0Dq6wmsWZUVhqPTFCSydpF4XQwHPXw9YzBguBujp9ri%2FCPKEtuhErYD9JWIarEQKaESJzCgx6Z3s0dezI9nu6y0kqln7KVYhkZCQ0enrPh7kbUCO52bIIb5ik3lBH%2BBt1E6%2BxSNf4eiCyiocnHnIQtK24IYBHggFrnAWYIkj5h6S47xXmhgnI2V0ZRWDNuuF57IO4Lu4pA8%2FB%2FnCqOcwc0Lf5w3QXBHc5ZgavLS95OF2gVJAqGMAzEN55d2RUonIM9DkRXqvWxYTtho112toH4f0ObjLFLHmK%2Bgld8TppCTO4jCT9lvs5zRNKyAh43lJEHZ6LgxijNAFuTApyA4NFWvHsgvofJuLW8Py8VEALzbO2YD7Vcb9b0npdYjUrzNZLiLEf2zjTmndWNjybABu%2Frmj3YIhH92iEyxwrKC40LlbRoRuhbF2IxN1oR0EeoPFtRKBh6vIrNHSzoqauI6Q21PEdpQFeXR7pKCMsagV6FgVLEU8RY2usevQqliz32%2Fe3JcRePRHMBGL2SUx5Ung7Svd7goBTWBE7wfWwye7nzOOd1KKzzH3Rbzpe4rJOjZH%2BsAgWtLr576aBDyjU9cdSG%2FVZ5xZ0osqXVdam%2B1NGuo3kNZf8nBqI0vFRxMGa8JL1WvxbK5CqnJfL%2BpS5qLmNddu5LilltWrniPXG75ibfJgqjeNoKzw%2BTbWLy7Foqn3K7qIHuNucn3Hb2fqxbIUHSX%2B58JqSli2%2BGg2Q0Opj0M2VcngDTYbK%2FN9nbTyX5ufmAb29%2BozSdjHt7k4P3ouT5YpQOBmmaHkyeFbZSmE7q4vxs47DGSuDyWIYX1bFOFydn%2Ft3y9fFsFt6feLGAxbot4SK66w0mveG4rOo5%2Bhd8aKv4qEnD3hTqREni5yAhWkeod05fvChCqPzzfn%2B1WiXZlSCZxLq8z10goZXvb82vX8ks9%2FU8rKsI13mncYrbR6CsstlrTKrNY4VpqdeQ1YIwaF6sD21twtdYbKpbL%2FIMu9K3x6OObKeHmGVHV%2F142i3BWbsEj7updti27bXYm5u2%2FZ4dLUk2ywtolG1%2FyBj1F6IGDLtXMKCcTepbM76%2F1D%2B%2F2zyffrx51HCY7D1rEyq7fnnT9OStLvnjPv2KExSNpK07tr5SCJG2tko%2BtTVGke%2Fa5QQbh4MW28QXr7jmjjBTOo0cCGqynUJL9McN0b8FLMPBcNxfJMpgngCY4SQZpPiMN6leDEZ420iHezcsXshUqPHFvp6mgXv1ZvbT2%2FEGi2W09G%2BZ1FBjFnc99iHKTHER397fGbkyvmVFNaowikGbbrEcvbsZrXfeq1pm%2FAM%3D


systems, such as the EU ETS and NOx trading programs, further indicates that firms may 

experience short-term reductions in profitability if they fail to adjust their environmental 

practices effectively. 

In this context, market-based mechanisms such as the Perform, Achieve, and Trade (PAT) 

scheme offer a more flexible regulatory framework by allowing firms to achieve energy-

efficiency targets through gradual adjustments. This flexibility enables firms to sustain 

operational performance in the short run while investing in efficiency improvements that 

enhance long-term profitability. As firms adopt energy-efficient technologies and optimise 

resource utilisation, they can reduce costs, mitigate risks associated with energy price 

fluctuations, and improve overall financial performance (Çoban & Topçu, 2013; Zhang et al., 

2016). 

These findings suggest that environmental regulation does not directly determine financial 

performance; rather, it influences how firms respond to emissions and operational challenges. 

Consequently, regulatory exposure is expected to modify the relationship between emissions 

and corporate financial performance, rather than exerting a uniform effect across firms. 

Hypothesis 2: ERE moderates the relationship between GhG emissions and CFP. 

 

Traditional empirical models often assume that the relationship between environmental 

performance and corporate financial performance is homogeneous across firms. However, 

firms differ significantly in their operational efficiency, resource endowments, and ability to 

respond to environmental and regulatory pressures. As a result, the impact of emissions on 

financial performance is unlikely to be uniform across the distribution of performance. 

Prior literature highlights that the environmental–financial performance relationship is 

inherently heterogeneous, with firm responses varying depending on their capabilities, 

performance levels, and strategic positioning (Gerged et al., 2020; Trumpp & Guenther, 2015). 
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Lower-performing firms often have greater scope for efficiency improvements and operational 

adjustments, whereas higher-performing firms tend to operate closer to their efficiency 

frontiers, making them more sensitive to regulatory constraints and diminishing returns. 

In the presence of environmental regulatory exposure, this heterogeneity becomes more 

pronounced. Regulatory mechanisms may allow lower-performing firms to gradually adapt 

through efficiency improvements and technological adoption, thereby delaying the adverse 

effects of emissions on performance. In contrast, higher-performing firms may experience 

earlier trade-offs, as additional regulatory requirements impose binding constraints and limit 

further efficiency gains. This argument is consistent with the Porter Hypothesis, which suggests 

that the benefits of regulation depend on firm-specific capabilities and the scope for innovation 

(Porter & Linde, 1995), as well as with evidence that regulatory impacts vary across firms and 

industries (Dechezleprêtre & Sato, 2017). 

Accordingly, the moderating effect of environmental regulatory exposure is expected to vary 

across the distribution of performance. 

Hypothesis 3: The moderating effect of ERE on the relationship between greenhouse gas 

emissions and corporate financial performance varies across the performance 

distribution. 

Insert Table A.1 

 

3. Data and Methodology 

3.1  Sample and Data Sources 

The study is based on a balanced panel dataset of 92 Indian listed companies covering the 

period from 2017 to 2022. Out of the 92 firms in the sample, 21 are designated consumers (DC 

firms) under the PAT scheme, while the remaining firms are non-DC. Although the distribution 

is uneven, it reflects the sector-specific nature of the PAT scheme and provides sufficient 

https://dummy-citation.com/citation?d=z%3AjVTLbhs3FJX7QrvpokCBdlGAKAoUKKzxjC3FVneOqxRu3cJ1nQRZUuTlDCUOOSA5euyS%2FJX%2BLoeUEjtOFlnYGJH3cc655%2FLVdvCZcl7X2h7IlfOL7eDbhs9C9FzEzeffnQtBXdS2ZpwpvSbJcCNp6JRiM4orIsvILrV3tiUbuWGe6t7wqJ1l3EomXNtR1FEvyVIIrLeWBD6412bDPNeBAoJCDDk8GLcKTLrVw7Kdd7VHXsH%2Bj73USFLaygSs0XXzIDg1NZpbQfvSDV9SRg4gznKD1sqJPoAPcIYIvCKHMt12YB4Oma4tdEnE7YaBbqCYdQAQ2Qvw0XEDCSwpjQbKu5Zpa90yUy%2FYbUMbFjedFrmbWxLQR93yiJ4P8R0yS7Uhke7uiuy74jYpI3WAtNzLNIOGGFfqbYLsMa%2FNrwGf4Lfnf0%2F0gt1wpHjkcbAFRSDiMqsXXYZwmHh15HEhPFep7vuSQiMr0R3DQo0Ix9Qo%2BFGwBjNMpRMKbtOo0ARNPURI0LWHSYLrPejfVxOjbbTKIieCkmYQa6ds54zpcxvhbPTOpJJ3h50nMM2fKw4jAS11mLBfAXHBLjHWwKxbQead9zAax1q%2ByHhwuo67lCR0NkayxcdBGo6VCHDOH0BXH5fH42F51iZYXFvyl1a57eDLmvexcT68NDtDPcGf81SNi9EJ6RB6%2BiINyND6FziF%2FYVGsCVEZFOUci3seE0%2BdBgxhhjU0pm%2BpW%2B6d32unOCouB0c6I7XdMNtTdhlrbQP8RonP%2FDG8P3n0mTZ9KxHSniNOGl5m%2BKV4i0WUV07H%2BHQOjlm%2Fo8WDSfDpoWE1DT4MJ6u4DrahbcXhkP0JWwhye8yhJZhO%2FhKSKd9VRbV8fj0aE5dMSlGxeQUVp7Zl%2Fgf7Gtdnk3Gw5OTcqKryWg0PJ08GouW1%2FPjclKejaqTUdnAmBCH1ovn9w77zjguL2Wc3jxZPHs0f%2FpfWIzNi2p69bis5lniPKJ5NUGDqhqWVdv1M6MDNmE3pYPMav3TeUsee2rvtD8PwQmdjb14a4On3qx%2FbmLswu9HRyBWOF8ffUiuDv0Me5%2FEWnCPd8XQLX4eoBQ59Td0u39M2C2zQawRGkv3eHPheht%2F%2FE1FTwoDwRMhn%2BNZDvn8%2B71n%2Frx1ydkw%2Br%2B0YhcOUXik8xJmQ0%2FvVnd48eABvqHd6xwa3ckE9GvRfxqzNw%3D%3D
https://dummy-citation.com/citation?d=z%3AhVXLbhs3FJXTBwoU6DpFNwS61WNGih9pV4njAEabwnGdOFsOeWeGNocc8CF5unLzF%2F2AbvoDhdfd9yP6JT2ckWWpLdKFBJJzH%2Beeey75893oUWmdqpTZkyvrru9GX9S88MFxEbqPxxe18oy7oIQm5mipaOVZqIlR0yqnBNdMq0COh%2BiIWdN%2FU00Lb89sycgslbOmIRNg6qiKmgdlDT4aVirX%2BL9uf2HCNi0FFdSSDHkk9Kwh7hFSsqJjACNpzJSREcA6pq3og4wTCm27FH3MWmdlFIihQjdm3Eg4GLvsLafsImFeKklGEPO17cvg4QMABTdME5csWOYDDj1Y4Fp3zKvKqBIbExiXS3IescuS%2BppBwQB3B5tOtg%2B4E7ptvIDaMwdgLjAXYYKTticegFzacbYirSephIDsoMbHwlNINLdW65hCT%2FrQYNFV3USZQMaDVOaBzTo%2FZkUMQ93IBtT3neJonm9QHBhI9cMFVVcpDlgJjoz0PaI15sTosz4I87yBsWpQMbaIA8FsiP4filNHYfXQp5QDSgPzgURtrLaVog3spEAfdVCmYgWwlQrQpWXGog9tS%2BAJqAtiYKxCS4yNVZ2ObAwrUmmNGML6QZvbSDAD6wT9GchNLAckR6EbNUIzFh2XWEEf%2FxDtNpfKCAcXAIVcsLGutZgRhEVPbJ9JUpLRB2dkzMrYzxXyoThRs5VCi1CgIZIIltB4n5KniEuulUxi6iXQ6%2FEeG7L4CP9NHckE3pBHig9veGGRakLuAsO%2BUmHgaxeeLa6GuH3Q9B3aUyIRpbkQSEbyBSqt5tn8YJI9aYSFn4KQTk1p70afVDwGqNzf6oGwl%2FhZJ%2BfTo4yU95EeJVI13YzP%2B%2BsmpTnZgXCCkLZRYqjiLKXvyqXVsaHP202679OwWXc32lMtr%2Bicm4pw2WFynA9nOHn8e635evmnTn5OQWeA9h520kDX6XIseaN0Z19Aj%2FSTptb98RvmgapEbfUM3UQy6aym0b%2B95I%2BAMJiWr5THZrAUSvq70adCWuXzbJpnTxczxGzxd5PlC6l8YW7x7817lR%2FuZ5ODo%2FzgfjV%2FIhpeXc3zo%2F1sMc8Wi9q2ZDgYu77cOoy4fbg8leHdq5PL14c%2FXLQXC%2FfurXrt3hbPr3qm%2B0ZdzbP8cJLtT%2FKDpo2FVh5TPPRqry%2Fn5qs3BhU4n6SFZhzXuPkqy87SFFzjz0Yn6I3TNy%2FrEFr%2FzWzGBW5AdGhqYzuFpobi1s%2FIpJXlLM9n81l%2BtJjN959mi6PF%2Frr0KT5WuNdC1yYer9c%2BF9juYSTIlt%2Fh0tg%2BJkhCd7DVAg%2BRfN4d22jClx816FKJ%2BwjXkLzEw%2Bb788e%2FrtX1bXoQTh8eql2Jne8%2BVMe7oy4Tus9ERMlf35eMVk6tq2b%2F0c6%2FAQ%3D%3D


variation to identify the moderating role of regulatory exposure. Firm-level financial and 

market data were obtained from Bloomberg, while GhG emission information was sourced 

from the Bloomberg ESG database, which collates disclosures from company’s sustainability 

reports and CDP filings. To ensure data consistency, only firms with complete annual 

disclosure of GhG emissions for the full period were retained, thereby providing a balanced 

dataset suitable for fixed-effects estimation. 

The selection of the period 2017 to 2022 is guided by the regulatory trajectory of the Perform, 

Achieve and Trade (PAT) scheme in India. This study focuses on firms included in PAT Cycle 

III (2017–2020). Earlier cycles were not considered for two reasons. First, Cycle I (2012–2015) 

was in pilot phase with inconsistent disclosure and transitional compliance mechanisms, 

making it unsuitable for systematic firm-level analysis. Second, although Cycle II (2016–2019) 

expanded sectoral coverage, but firm-level GhG disclosures during this period remained 

fragmented and inconsistent in Bloomberg ESG data. Moreover, many firms were still in the 

process of technological and operational adjustments, making it difficult to disentangle 

compliance costs from efficiency gains. In contrast, Cycle III (2017–2020) represents a more 

mature phase of the scheme, characterized by stricter targets, broader sectoral inclusion, and 

more standardized GhG reporting.  

Thus, the selection of this cycle reflects both data availability and the regulatory maturity of 

PAT scheme, ensuring that the analysis captures firms’ responses during a phase when 

efficiency improvements and financial implications are more reliably. The sample size is 

constrained by disclosure availability, this pattern is consistent with international evidence, 

where GhG reporting is concentrated among large, visible firms (Lewandowski, 2017; 

Broadstock et al., 2017). Accordingly, the dataset is well suited to examine the curvilinear 

relationship between GhG emissions and CFP in the Indian context. 

3.2 Variable Measurement 



 3.2.1 Firm Performance 

The dependent variable in this study is firm financial performance. We employ Return on 

Assets (ROA) as the primary measure, defined as net income divided by total assets. ROA 

reflects the efficiency with which a firm utilizes its assets to generate profits and has been 

widely used in the literature examining the environmental–financial nexus (Clarkson et al., 

2010). As an accounting-based indicator, ROA captures the operating performance of firms, 

making it suitable for evaluating whether the benefits of emissions reduction and energy 

efficiency are translated into improved profitability. The equation is denoted below: 

𝑹𝑶𝑨 =
𝑵𝒆𝒕 𝑰𝒏𝒄𝒐𝒎𝒆

𝑻𝒐𝒕𝒂𝒍 𝑨𝒔𝒔𝒆𝒕𝒔
     ...(1) 

 

Further, as a robustness check, we also include Return on Equity (ROE), calculated as net 

income divided by shareholders’ equity. ROE represents returns delivered to equity investors 

and provides a complementary shareholder-oriented perspective on performance. While ROA 

focuses on asset utilization, ROE is sensitive to financial structure and leverage decisions, 

thereby offering a broader validation of the findings. The formulae for computation are denoted 

below: 

 

𝑹𝑶𝑬 =
𝑵𝒆𝒕 𝑰𝒏𝒄𝒐𝒎𝒆

𝑺𝒉𝒂𝒓𝒆𝒉𝒐𝒍𝒅𝒆𝒓𝒔 𝑬𝒒𝒖𝒊𝒕𝒚
   ...(2) 

 

The inclusion of both measures is theoretically motivated. On the one hand, improved 

environmental efficiency and lower emissions may reduce operating costs and enhance 

reputation, thus positively influencing profitability. On the other hand, compliance and 

abatement investments may initially reduce returns, particularly in capital-intensive firms. 

Therefore, using both ROA and ROE allows for a comprehensive evaluation of this trade-off, 



ensuring a more rigorous assessment of the curvilinear impact of GhG emissions on corporate 

financial outcomes. 

3.2.2 GhG Emissions 

The independent variable in this study is greenhouse gas (GhG) emissions, encompassing both 

Scope 1 emissions, which arise directly from firm-owned or controlled operations, and Scope 

2 emissions, which result from the consumption of purchased electricity, heat, or steam. Firm-

level data are sourced from the Bloomberg ESG database, which standardizes information 

disclosed in corporate sustainability reports, CDP submissions, and other verified channels. 

Given the highly skewed distribution of raw emissions across firms, we employ the natural 

logarithm of total GhG emissions (LnGhG) as the main explanatory variable. To examine 

potential non-linearities in the emissions–performance nexus, we further include the squared 

term of Ln GHG, thereby allowing the estimation of curvilinear effects. This specification 

enables the testing of an inverted U-shaped relationship, whereby moderate increases in 

emissions may initially correspond with financial gains due to scale economies, but beyond a 

threshold, higher emissions are expected to impose regulatory, reputational, and efficiency 

costs. The adoption of both linear and quadratic terms follows prior empirical work on the 

environmental–financial interface (Trumpp and Guenther, 2017; Broadstock et al., 2017). 

3.2.3 Control Variables 

We include several firm-level controls to account for heterogeneity in financial outcomes. Firm 

size is proxied by the logarithm of market capitalization, reflecting scale and investor visibility 

(Broadstock et al., 2017). Leverage, measured as total debt to total assets, captures capital 

structure effects (Fujii et al., 2013). Market-to-book value (MTBV) is included as a proxy for 

growth opportunities (Broadstock et al., 2017), while asset turnover (sales-to-assets) controls 

for operational efficiency. To separate the effect of emissions from broader sustainability 

practices, we control for firms’ ESG scores. Finally, firms age and sales growth are added to 



capture maturity and growth dynamics (Trumpp & Guenther, 2015; Lewandowski, 2017). 

These control variables ensure a robust specification that accounts for size, structure, 

efficiency, growth, and sustainability orientation when estimating the emissions–CFP 

relationship. 

3.2.4 Moderating Variable: Environment Regulatory Exposure 

The moderating role of environmental regulatory exposure is examined using a binary indicator 

derived from India’s Perform, Achieve, and Trade (PAT) scheme, a market-based regulatory 

framework designed to promote energy efficiency. The variable PAT takes the value 1 for 

designated consumers (DC firms) covered under PAT Cycle III (2017–2020) and 0 otherwise. 

This classification captures variation in the intensity of regulatory exposure rather than policy 

eligibility, as non-DC firms, although not directly regulated, operate within the same broader 

economic and institutional environment. 

The PAT scheme, administered by the Bureau of Energy Efficiency (BEE), assigns energy 

efficiency targets to DC firms and enables trading of surplus savings through Energy Saving 

Certificates (ESCerts). The inclusion of this variable is grounded in the Porter Hypothesis, 

which posits that well-designed environmental regulation can enhance firm efficiency and 

innovation (Porter & van der Linde, 1995). Consistent with prior literature, environmental 

regulation is treated as a contextual factor that generates heterogeneous firm responses rather 

than requiring direct comparability across firms (Dechezleprêtre & Sato, 2017; Trumpp & 

Guenther, 2015). 

To capture the moderating effect, an interaction term (Ln(GhG) × ERE) is included, allowing 

the assessment of whether the marginal impact of emissions on corporate financial performance 

differs across firms facing varying levels of regulatory pressure. In this framework, the 

coefficient on the interaction term reflects how regulatory exposure modifies the emissions–

performance relationship, rather than directly comparing firm outcomes. 



While regulatory exposure under the PAT scheme is sector-specific, potential structural 

differences are addressed through the inclusion of industry fixed effects and firm-level 

controls. Accordingly, the analysis focuses on differences in marginal effects rather than cross-

sectional comparisons across firms. A limitation of this approach is that regulatory exposure is 

not randomly assigned; therefore, the findings should be interpreted as conditional 

relationships rather than causal effects. 

Insert Table A.2 

 

3.3 Empirical Methodology 

We empirically evaluate the relationship between firm’s financial performance and greenhouse 

gas (GhG) emission using the Panel Quantile Regression (PQR) analysis, while allowing for 

potential non-linearities. The baseline model is without the ERE framework and can be 

expressed as: 

 

𝑭𝑷𝒊𝒕 = 𝜷𝟎  
+  𝜷𝟏   𝒍𝒏(𝑮𝒉𝑮)𝒊𝒕 + 𝜷𝟐   [𝒍𝒏(𝑮𝒉𝑮)𝒊𝒕]𝟐 + 𝜸𝜲𝒊𝒕  

+ 𝜺𝒊𝒕     ..(3) 

 

Where,  𝐹𝑃𝑖𝑡  denotes the financial performance of firm i in year t (proxied by ROA, and 

alternatively ROE for robustness). ln(𝐺ℎ𝐺)𝑖𝑡  represents the natural logarithm of Scope 1 and 

2 GhG emissions, while  [ln(𝐺ℎ𝐺))𝑖𝑡]2 captures non-linear effects. 𝛸𝑖𝑡  
 is a vector of control 

variables (firm size, leverage, MTBV, asset turnover, ESG score, firm age, and sales growth) 

and  𝜀𝑖𝑡 is the idiosyncratic error term. 

Further, we extend the baseline equation by adding the ERE variable to examine the 

moderating effect of the scheme, we extend the specification as follows: 

 



𝑭𝑷𝒊𝒕 = 𝜷𝟎  
+  𝜷𝟏   𝒍𝒏(𝑮𝒉𝑮)𝒊𝒕 + 𝜷𝟐   [𝒍𝒏(𝑮𝒉𝑮)𝒊𝒕]𝟐 + 𝜹𝟏𝑬𝑹𝑬𝒊𝒕 + 𝜹𝟐[𝒍𝒏(𝑮𝒉𝑮)𝒊𝒕 × 𝑬𝑹𝑬𝒊𝒕] +

𝜸𝜲𝒊𝒕  
+ 𝜺𝒊𝒕         ..(4) 

 

Here, 𝐸𝑅𝐸𝑖𝑡  is a binary variable equal to 1 if firm i is covered under PAT Cycle III, and 0 

otherwise. The interaction term ln(𝐺ℎ𝐺)𝑖𝑡 × 𝐸𝑅𝐸𝑖𝑡  captures whether the relationship 

between emissions and performance differs for PAT compliant firms.  

The previous literature examining the link between environmental performance and CFP has 

relied on conventional linear estimators such as ordinary least squares (OLS), Heckman 

instrumental variables (IV), or the generalized method of moments (GMM) (Le & Nguyen-

Phung, 2024). These approaches estimate the conditional mean of the dependent variable given 

the regressors (Wooldridge, 20101; Gerged et al., 2020) expressed as: 

 

𝑬(𝑭𝑷𝒊𝒕 ∣ 𝑿𝒊𝒕) = 𝑿𝒊𝒕
′ 𝜷,          ..(5) 

 

The traditional OLS method is based on a fundamental assumption that the error term is 

normally distributed (Wooldridge, 2010; Gerged et al., 2020) 

 

𝜺 ∣ 𝑿 ~𝑵 (𝟎, 𝝈𝟐𝒍𝒏) …(6) 

 

Although essential, the model has drawbacks. For instance, the mean regression models 

provide only a partial view of the relationship, potentially overlooking heterogeneous effects 

across the performance distribution. For example, the impact of GhG emissions may differ 

substantially for low-performing and high-performing firms. Therefore, to capture this 

heterogeneity, Koenker & Bassett, 1978 introduced quantile regression (QR), which estimates 

                                                 
1 Wooldridge, J. M. (2010). Econometric analysis of cross section and panel data. MIT press. 



conditional quantiles rather than conditional means. Unlike OLS, quantile regression is 

semiparametric, does not impose distributional assumptions on error terms, and is more robust 

to outliers (Baum, 20132). This allows researchers to investigate how explanatory variables 

influence different points of the outcome distribution (e.g., 25th, 50th, 75th percentiles of firm 

performance). 

Additionally, applying quantile regression to panel data presents further complexity. As 

traditional methods use additive fixed effects, which leads to bias because of incidental 

parameter issues when the time dimension is short. (Gerged et al., 2020). However, Canay 

(2011) addressed this by incorporating fixed effects in quantile regression, but challenges still 

remain when estimating a large number of individual effects. Therefore, to resolve this issue, 

Powell (2022) proposed a quantile regression for panel data (QRPD) with non-additive fixed 

effects, which remains consistent even with small T. The general model is expressed as: 

 

(𝑭𝑷𝒊𝒕) = 𝑫𝒊,𝒕
′ 𝜷𝝉 + 𝑼𝒊,𝒕, … (7) 

 

where 𝐹𝑃𝑖𝑡 represents financial performance (ROA or ROE), 𝐷𝑖,𝑡
′  is the set of independent 

variables (GhG emissions, squared emissions, ERE, interaction terms, and controls), 

𝛽𝜏 denotes the coefficient vector at quantile 𝜏, and 𝑈𝑖,𝑡 is the error term incorporating both fixed 

and time-varying components. 

Whereas, for the 𝜏-th quantile, the conditional restriction is: 

 

                                                 

2 Baum, C.F. (2013).” Quantile regression” (accessed April 22, 2029)http://fmwww.bc.edu/ec-

c/s2013/823/EC823.S2013.nn04.slides.pdf 

 

http://fmwww.bc.edu/ec-c/s2013/823/EC823.S2013.nn04.slides.pdf
http://fmwww.bc.edu/ec-c/s2013/823/EC823.S2013.nn04.slides.pdf


𝑷 ( (𝑭𝑷𝒊𝒕) ≤ 𝑫𝒊,𝒕
′ 𝜷𝝉 ∣

∣ 𝑫𝒊,𝒕 ) = 𝝉. … (8) 

 

This means that the conditional probability of firm performance falling below the estimated 

quantile function equals 𝜏 for any value of D𝑖,𝑡. Powell’s estimator also satisfies an 

unconditional restriction: 

 

𝑫𝒊,𝒕𝒊 = 𝑷 ( (𝑭𝑷𝒊𝒕) ≤ 𝑫𝒊,𝒕
′ 𝜷𝝉 ∣

∣ 𝑫𝒊,𝒕 ) = 𝑷 ( (𝑭𝑷𝒊𝒕) ≤ 𝑫𝒊,𝒕
′ 𝜷𝝉 ∣

∣ 𝑫𝒊,𝒕 ) = 𝝉. …(9) 

 

where D𝑖,𝑡 = (𝐷𝑖 , … . , 𝐷𝑖,𝑡) , is the sequence of covariates across time for firm i. This 

framework ensures that quantile restrictions hold both conditionally and unconditionally across 

the panel, allowing for consistent and interpretable estimates of the emissions–performance 

relationship in the presence of firm-level heterogeneity. 

Additionally, we also calculate the turning point at which the financial performance begins to 

decline. This threshold analysis allows for a nuanced understanding of the non-linear 

relationship between GhG emissions and CFP, particularly highlighting the differential impact 

on firms within the environment regulatory exposure compared to environment regulatory non-

exposure firms.  

For environment regulatory non-exposure firms, the marginal effect of emissions on firm 

performance in the quadratic regression from Equation 3 given is: 

 

𝜹 𝑭𝑷𝒊𝒕

𝜹 𝒍𝒏(𝑮𝒉𝑮)𝒊𝒕
= 𝜷𝟏   𝒍𝒏(𝑮𝒉𝑮)𝒊𝒕 + 𝜷𝟐   [𝒍𝒏(𝑮𝒉𝑮)𝒊𝒕]𝟐 …(10) 

 

For environment regulatory non-exposure firms, the turning point occurs when the derivative 

is set to zero: 



 

𝒍𝒏(𝑮𝒉𝑮)𝑵𝒐𝒏−𝑬𝑹𝑬
∗ = −

𝜷𝟏  

𝟐𝜷𝟐  

  Without Environment framework (Regulation=0) …(11) 

 

For environment regulatory exposure, the present regression includes the interaction term 

𝛿2[ln(𝐺ℎ𝐺)𝑖𝑡 × 𝐸𝑅𝐸𝑖𝑡]. Hence, the marginal effect from Equation 4 becomes: 

 

𝜹 𝑭𝑷𝒊𝒕

𝜹 𝒍𝒏(𝑮𝒉𝑮)𝒊𝒕
= 𝜷𝟏   𝒍𝒏(𝑮𝒉𝑮)𝒊𝒕 + 𝜹𝟐[𝒍𝒏(𝑮𝒉𝑮)𝒊𝒕 × 𝑬𝑹𝑬𝒊𝒕] + 𝜷𝟐   [𝒍𝒏(𝑮𝒉𝑮)𝒊𝒕]𝟐…(12) 

 

Setting this equal to zero gives the turning point for ERE firms: 

 

𝐥𝐧(𝐆𝐡𝐆)𝐄𝐑𝐄
∗∗ = −

(𝛃𝟏 
+ 𝛅𝟐)

𝟐𝛃𝟐  

 With Environment framework (Regulation=1) … (13) 

 

Here, 𝐺ℎ𝐺∗ 𝑎𝑛𝑑 𝐺ℎ𝐺∗∗ indicates the turning point. 

 

4. Empirical Results and Discussion 

4.1 Descriptive Statistics and Correlation Matrix 

Table 1 presents the descriptive statistics of the variables employed in the analysis. The mean 

ROA and ROE are 8.83% and 15.83%, respectively, with wide variation, reflecting 

heterogeneity in firm profitability. The average value of Ln(GHG) is 2.58, with substantial 

dispersion (SD. 1.13), while the squared term indicates sufficient variation to test for non-

linearity. The mean value of ERE is 0.23, indicating that approximately 23% of the sample 

firms are designated consumers (DC firms) under the PAT scheme, with the remaining firms 

classified as non-DC.  



Among control variables, total asset turnover averages 0.86, indicating moderate efficiency in 

asset use, the mean Size of 5.51 indicates variation in firm scale, while Age shows relatively 

low dispersion, suggesting a fairly mature sample of firms. Sales Growth (SG) exhibits high 

variability, indicating differences in firm expansion dynamics. Financial leverage (LEV) has a 

mean of 21.74, with a wide range, suggesting differences in capital structure and financial risk 

across firms. MTBV also shows significant dispersion, reflecting heterogeneity in growth 

opportunities and market valuation. While the mean ESG score of 50.97 suggests mid-level 

sustainability engagement. Overall, the statistics reveal considerable dispersion across firms, 

justifying the use of a distributional approach to capture heterogeneous effects in the 

emissions–performance relationship. 

Table 2 presents the correlation matrix. ROA and ROE are highly correlated (0.82), confirming 

their close alignment as profitability measures. Ln(GhG) shows a negative association with 

profitability. The positive correlation between ERE and Ln(GhG) at 0.599 reflects the sector-

specific targeting of high-emission firms under the ERE scheme. Firm size correlates positively 

with both profitability and emissions, whereas leverage is negatively related to performance. 

Growth proxies (MTBV) and asset turnover are positively associated with profitability, while 

ESG aligns more strongly with firm size than with financial outcomes. Importantly, the 

coefficients remain moderate, suggesting that multicollinearity is not a concern for subsequent 

regression. 

Insert Table 1 

Insert Table 2 

 

4.2 Main analysis  

4.2.1 GhG- CFP Curvilinear Relationship 



The empirical findings from Table 3 provide evidence of a non-linear relationship between 

GhG emissions and CFP, measured using RoA. The findings indicate that the coefficient of 

Ln(GhG) remains positive and statistically significant, while the squared term is consistently 

negative and significant, thereby confirming the presence of an inverted U-shaped relationship 

(Trumpp & Guenther, 2015) and supporting hypothesis 1. This pattern is consistent with the 

Environmental Kuznets Curve (EKC) hypothesis, suggesting that at lower levels, increases in 

emissions are associated with improved CFP due to economies of scale and production 

expansion (Nielsen & Alderson, 1997). However, beyond a critical threshold, further increases 

in emissions lead to declining profitability, reflecting rising compliance costs, regulatory 

pressures, and reputational risks (Gerged et al., 2020). 

The estimated turning points vary across quantiles, indicating that the threshold at which 

emissions begin to adversely affect performance differs across firms. Firms in the lower 

quantiles reach the turning point at relatively higher emission levels, suggesting that low-

performing firms continue to derive benefits from scale expansion for a longer period before 

facing the emissions–performance trade-off. This pattern can be partially explained by 

regulatory-induced innovation. Prior evidence from the EU Emissions Trading System (EU 

ETS) shows that regulated firms significantly increase innovation in low-carbon technologies. 

Such innovation may allow firms, particularly those operating below the efficiency frontier, to 

offset the costs of emissions through technological improvements, thereby delaying the onset 

of negative financial effects. These findings align with prior studies such as Broadstock et al. 

(2017), Misani and Pogutz (2014), and Lewandowski (2017), which document similar non-

linear dynamics. 

4.2.2 Moderating the Role of Environment Regulation Exposure. 

Additionally, Table 4 examines how ERE moderates the relationship between GhG and CFP. 

The interaction term (Ln(GhG) × ERE) is positive and significant at lower quantiles (e.g., 0.10–
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0.70) and weakens toward the higher quantiles, turning negative at the 0.95 quantile. This 

indicates that ERE changes the marginal effect of emissions and shifts the turning point of the 

relationship, thus confirming hypothesis 2. 

Consistent with this, the estimated turning points under higher regulatory exposure (ERE = 1) 

are above those under non-exposure (ERE = 0) at lower quantiles. For instance, at the 0.10 

quantile, the turning point increases from 2.63 to 5.16, and at the 0.20 quantile from 2.29 to 

3.99 (thousand metric tons). This upward shift implies that, for lower-performing firms, 

regulatory exposure extends the range of performance over which emissions are positively 

associated. 

In contrast, for higher-performing firms, this pattern reverses. At the 0.95 quantile, the 

interaction term is negative and significant. Whereas the turning point under environmental 

exposure (2.47) is lower than that under non-exposure (3.37). This indicates that, for higher-

performing firms, ERE shifts the trade-off forward, leading to an earlier decline in 

performance. 

The differential timing of the turning point can be explained using the marginal abatement cost 

(MAC) and expected marginal penalty (EMP) framework (Prasad & Mishra, 2016). Higher-

performing firms operate closer to the efficient frontier, where gains from scale, process 

optimisation, and capacity utilisation have largely been exhausted. At this stage, additional 

emissions generate limited incremental output while increasing costs related to inefficiencies, 

compliance, and environmental management. Consequently, both marginal abatement costs 

and expected penalties rise more rapidly, leading to an earlier intersection of costs and benefits 

and, therefore, an earlier turning point(Prasad & Mishra, 2016). 

In contrast, lower-performing firms are characterised by greater operational slack, including 

underutilised capacity and inefficiencies. Under such conditions, emissions remain associated 

with incremental improvements in production and cost absorption over a wider range. As a 
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result, the marginal benefits of emissions persist longer relative to associated costs, delaying 

the onset of the trade-off and resulting in a higher turning point. This suggests that regulatory 

exposure enables a gradual adjustment process for less efficient firms, while imposing tighter 

constraints on firms already operating at high efficiency levels, thus supporting hypothesis 3. 

This occurs because the PAT scheme introduces efficiency targets and compliance incentives, 

encouraging firms to adopt energy-efficient practices and technological improvements. For 

lower-performing firms, this facilitates a gradual adjustment process, allowing them to sustain 

gains from emissions over a longer range. In contrast, higher-performing firms, which operate 

closer to their efficiency frontier, face higher marginal abatement costs and regulatory 

pressures, leading to an earlier decline in performance. 

Thus, ERE does not directly improve or reduce performance; rather, it reshapes the emissions–

performance trade-off by shifting the optimal emission threshold across firms. 

These findings do not imply that emissions are beneficial; rather, they indicate that regulatory 

exposure influences the extent to which firms can manage emission-related costs through 

efficiency improvements, technological adaptation, and process optimisation. This pattern is 

consistent with the Porter Hypothesis, which posits that well-designed environmental 

regulation can enhance firm efficiency and innovation (Porter & van der Linde, 1995). 

The results also align with Makridou et al. (2019), who show that regulatory environments that 

promote energy efficiency improve financial outcomes. Similarly, Oak and Bansal (2022) 

argue that such frameworks incentivise technological upgrades and reduce long-term exposure 

to energy-related risks.  

The control variables exhibit largely consistent and theoretically aligned effects in both Table 

3 and Table 4. Size shows a strong positive association with RoA across all quantiles, 

supporting the argument that larger firms benefit from economies of scale and superior access 

to resources. SG is generally positive and significant, indicating that expanding firms tend to 



exhibit improved financial performance. In contrast, financial leverage (LEV) is negatively 

associated with RoA, reflecting the adverse impact of higher financial risk on profitability. 

Further, MTBV and TATR exert positive and significant effects, highlighting the importance 

of growth opportunities and operational efficiency in driving firm performance. The effect of 

firm age is mixed, turning negative at higher quantiles, suggesting that older firms may 

experience diminishing efficiency or rigidity at higher performance levels. The ESG score 

shows limited and inconsistent effects, reflecting the mixed evidence on the financial 

implications of ESG engagement in emerging markets. 

Overall, the findings support Hypothesis 1, confirming the inverted U-shaped relationship 

between emissions and firm performance. They also support Hypothesis 2, demonstrating that 

environmental regulatory exposure moderates this relationship by shifting the turning point. 

Finally, the variation in turning points between lower- and higher-performing firms provides 

strong support for Hypothesis 3, indicating that the moderating effect of regulatory exposure 

is heterogeneous across the performance distribution. 

Insert Table 3 
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4.3 Robustness analysis 

As a robustness check, the analysis is re-estimated using RoE as an alternative measure of CFP. 

The baseline results, reported in Table A.3, without the moderating variable, are consistent 

with the ROA findings in Table 3 and confirm a similar GhG-CFP relationship. Additionally, 

when ERE is incorporated as a moderating variable (see Table A.4), the moderating effect 

remains broadly consistent with the main results. The results for lower quantiles show that the 

turning point under regulatory exposure is lower than that for non-exposed firms, consistent 

with the main findings. 



The only notable difference arises at the upper end of the performance distribution. Under the 

RoE specification, the turning point for higher-performing firms appears earlier, emerging 

from the 0.60 quantile, compared to the 0.80 quantile observed under ROA.  

This difference reflects RoE's greater sensitivity to changes in profitability. As a measure of 

returns to equity holders, RoE amplifies the impact of earnings fluctuations, particularly in the 

presence of financial leverage, making the emissions–performance trade-off evident at lower 

performance levels. 

Overall, the consistency of results across Tables A.3 and A.4 reinforces the robustness of the 

findings, while the earlier turning point under ROE highlights the role of financial structure in 

shaping the emissions–performance relationship. 

 

Insert Table A.3 
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1.1 Additional analysis 

Further, Table 5 presents the results of the two-step system GMM estimations, we employ 

GMM as a robustness test to address potential endogeneity in the GhG–CFP nexus. Since 

firm’s profitability may influence managers ability to invest in emission reduction processes, 

and in contrast emissions themselves may impact the financial performance. Therefore, using 

the estimates solely based on OLS or fixed-effects lead to biased estimates. Consequently, by 

using GMM framework we address these concerns by using an internal instrument (lag of 

dependent variable) and controlling for unobserved heterogeneity. The GMM results are 

consistent with the baseline quantile regressions and confirm a non-linear relationship between 

emissions and performance. Specifically, the coefficient of Ln(GhG) is positive and significant, 



while Ln(GhG)² is negative and significant, thereby supporting the inverted U-shaped pattern 

predicted by the Environmental Kuznets Curve.  

The inclusion of the ERE variable and its interaction with emissions provides further evidence 

of regulatory moderation. The negative coefficient on the ERE dummy suggests that regulated 

firms initially face compliance costs, yet the positive and significant interaction term reveals 

that the ERE scheme shifts the turning point of the emissions–performance curve upward, 

similar to main findings.  

The validity of the GMM estimates is supported by diagnostic tests, AR(1) is significant while 

AR(2) is not, indicating no second-order serial correlation, and the Sargan test p-values suggest 

that the instruments are valid. Turning point calculations further corroborate the moderating 

role of regulation, for Non-ERE firms the threshold occurs at approximately 2.74, whereas for 

ERE-regulated firms the turning point is delayed to around 3.22. Overall, the GMM results 

reinforce the robustness of the main findings. 

Insert Table 5 

 

2. Conclusion and Implications 

This study examines the non-linear relationship between GhG emissions and CFP, while 

assessing the moderating role of ERE within the Indian context. Using a balanced panel of 

firms and quantile regression, the findings provide robust evidence that the emissions–

performance relationship is not linear but follows an inverted U-shaped pattern. As highlighted 

in the empirical results, emissions initially contribute to improved firm performance, reflecting 

scale efficiencies and production expansion; however, beyond a threshold, the associated costs 

in the form of regulatory compliance, operational inefficiencies, and reputational risks 

outweigh these benefits. 



Importantly, the study demonstrates that this relationship is not uniform across firms. The 

turning point varies across the performance distribution, indicating that lower-performing firms 

sustain the benefits of emissions for a longer period, whereas higher-performing firms 

encounter the emissions–performance trade-off earlier. This heterogeneity is further shaped by 

environmental regulatory exposure. The findings reveal that ERE shifts the turning point of the 

GhG–CFP relationship, extending the beneficial range of emissions for lower-performing firms 

while accelerating the trade-off for higher-performing firms. These results provide strong 

support for the Environmental Kuznets Curve (EKC) framework at the firm level and align 

with the Porter Hypothesis by demonstrating that regulatory mechanisms can influence firm 

behaviour through efficiency improvements and adaptive responses. 

The study contributes to the literature in three key ways. First, it advances understanding of the 

emissions–performance nexus by incorporating a nonlinear, distributional perspective, 

highlighting that firm responses vary significantly across performance levels. Second, it 

introduces environmental regulatory exposure as a moderating mechanism, showing that 

regulation does not uniformly affect firms but instead reshapes the emissions–performance 

trade-off. Third, by integrating quantile regression with regulatory heterogeneity, the study 

provides a more nuanced explanation of how environmental and financial outcomes interact in 

emerging market contexts. 

The findings have important managerial implications. Firms should recognise that emissions 

may generate short-term performance gains but entail long-term risks. Managers relying solely 

on aggregate performance indicators may overlook the timing of the emissions–performance 

trade-off. The results suggest that lower-performing firms can utilise regulatory frameworks to 

gradually improve efficiency, while higher-performing firms must adopt proactive emission 

control strategies, as they are more sensitive to regulatory and cost pressures. Additionally, the 

earlier emergence of the trade-off in the robustness analysis using ROE indicates that financial 



metrics reflecting shareholder returns can provide early signals of performance deterioration, 

enabling timely strategic adjustments. 

From a policy perspective, the results suggest that environmental regulation should be designed 

with firm heterogeneity in mind. Market-based mechanisms such as the PAT scheme appear to 

facilitate gradual adjustment for less efficient firms while imposing necessary discipline on 

high-performing firms. This highlights the importance of flexible regulatory frameworks that 

encourage innovation and efficiency without imposing uniform constraints across all firms. 

Despite its contributions, the study is subject to certain limitations. First, the measure of 

regulatory exposure is based on a binary classification, which may not fully capture the 

intensity and variation of regulatory pressures across firms. Second, regulatory exposure is not 

randomly assigned and is inherently linked to sectoral characteristics, which may introduce 

residual heterogeneity despite the inclusion of fixed effects and control variables. Third, the 

analysis relies on reported GhG emissions data, which may be subject to disclosure limitations, 

particularly in emerging markets. Finally, while the study establishes conditional relationships, 

it does not aim to identify causal effects of environmental regulation. 

Future research can extend this analysis by employing alternative measures of regulatory 

intensity, incorporating dynamic policy changes, or adopting quasi-experimental designs to 

strengthen causal inference. Additionally, further investigation into the role of firm-level 

characteristics, such as technological capability and governance structures, may provide deeper 

insights into how firms respond to environmental regulation. 

Overall, the study highlights that the relationship between emissions and financial performance 

is both non-linear and context-dependent, and that regulatory frameworks play a critical role 

in shaping this dynamic. These findings underscore the need for differentiated strategies at both 

the firm and policy levels to balance environmental sustainability with financial performance. 
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Table 1: Descriptive Statistics for GhG and CFP 
  

Variables Observations Mean Median SD Min Max 

RoA 552 8.83 7.40 7.68 -8.38 29.89 

RoE 552 15.83 15.77 13.58 -36.24 53.66 

Ln(GhG) 552 2.58 2.45 1.13 0.43 4.80 

Ln(GhG)² 552 7.94 6.02 6.41 0.19 23.03 

ERE 552 0.23 0.00 0.42 0.00 1.00 

Size 552 5.51 5.52 0.55 4.34 6.90 

Age 552 1.60 1.60 0.27 0.70 2.06 

SG 552 12.16 9.38 21.91 -36.49 111.07 

LEV 552 21.74 17.02 18.84 0.00 76.42 

MTBV 552 5.23 3.37 5.92 0.36 36.38 

TATR 552 0.86 0.77 0.50 0.11 2.50 

ESG 552 50.97 51.61 10.75 26.65 75.78 
Note(s): RoA = Return on Assets; RoE = Return on Equity; Ln(GhG) = natural logarithm of greenhouse gas emissions; Ln(GhG)² = square of greenhouse gas 

emissions; ERE = dummy variable for designated consumers (1 = DC firms, 0 = otherwise) under the PAT scheme; Size = natural logarithm of market capitalisation; 

Age = natural logarithm of firm age; SG = sales growth measured as log difference in sales; LEV = financial leverage, measured as the ratio of total liabilities to 

total assets; MTBV = market-to-book value ratio; TATR = total asset turnover ratio, measured as sales to total assets; ESG = ESG performance score obtained 

from Bloomberg.



Table 2: Correlation Matrix for GhG and CFP 

Variables RoA RoE Ln(GhG) ERE Size Age SG LEV MTBV TATR ESG VIF 

RoA 1 
           

RoE 0.822* 1 
          

Ln(GhG) -0.347* -0.232* 1 
        

2.68 

ERE -0.248* -0.203* 0.599* 1 
       

1.81 

Size 0.253* 0.212* 0.242* -0.067 1 
      

1.71 

Age 0.081* 0.077* 0.091* 0.039 0.103* 1 
     

1.16 

SG 0.116* 0.111* 0.019 -0.004 0.142* -0.144* 1 
    

1.07 

LEV -0.639* -0.400* 0.409* 0.248* -0.109* -0.224* 0.043 1 
   

1.59 

MTBV 0.506* 0.468* -0.397* -0.268* 0.206* -0.094* 0.118* -0.193* 1 
  

1.58 

TATR 0.584* 0.605* -0.272* -0.304* -0.004 0.103* 0.082* -0.405* 0.392* 1 
 

1.51 

ESG -0.015 -0.017 0.342* 0.142* 0.459* 0.171* 0.013 0.031 -0.064 -0.108* 1 1.4 

Note(s): RoA = Return on Assets; RoE = Return on Equity; Ln(GhG) = natural logarithm of greenhouse gas emissions; ERE = dummy variable for designated 

consumers (1 = DC firms, 0 = otherwise) under the PAT scheme; Size = natural logarithm of market capitalisation; Age = natural logarithm of firm age; SG = sales 

growth measured as log difference in sales; LEV = financial leverage, measured as the ratio of total liabilities to total assets; MTBV = market-to-book value ratio; 

TATR = total asset turnover ratio, measured as sales to total assets; ESG = ESG performance score obtained from Bloomberg; VIF = Variance Inflation Factor. 

***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively



Table 3: Quantile Regression Findings of the GhG-CFP Nexus by Employing ROA as a Proxy for CFP (Without PAT Regulation) 

Variables  (0.1)   (0.2) (0.3) (0.4) (0.5) (0.6) (0.7)  (0.8) (0.95) 

Ln(GhG) 3.58*** 1.35*** 0.66*** 0.45*** 0.90*** 1.71*** 2.36*** 2.56*** 2.19***  
(0.14) (0.088) (0.054) (0.11) (0.081) (0.11) (0.14) (0.064) (0.09) 

Ln(GhG)² -0.43*** -0.19*** -0.098** -0.13*** -0.21*** -0.32*** -0.44*** -0.48*** -0.35***  
(0.023) (0.015) (0.008) (0.017) (0.018) (0.022) (0.025) (0.014) (0.017) 

Size 1.31*** 1.35*** 0.79*** 1.10*** 1.51*** 1.89*** 2.85*** 3.05*** 2.80***  
(0.079) (0.032) (0.042) (0.044) (0.13) (0.065) (0.04) (0.082) (0.047) 

Age 0.90*** 0.42*** 0.33*** -0.48*** -0.25 -0.68*** -2.28*** -2.05*** -1.12***  
(0.12) (0.049) (0.044) (0.089) (0.17) (0.1) (0.11) (0.16) (0.15) 

SG -0.0044** 0.014*** 0.022*** 0.027*** 0.028*** 0.016*** 0.0079*** 0.017*** 0.021***  
(0.001) (0.001) (0.001) (0.002) (0.003) (0.001) (0.001) (0.002) (0.001) 

LEV -0.22*** -0.16*** -0.16*** -0.13*** -0.15*** -0.16*** -0.17*** -0.19*** -0.23***  
(0.004) (0.001) (0.002) (0.002) (0.004) (0.002) (0.002) (0.002) (0.001) 

MTBV 0.34*** 0.37*** 0.38*** 0.33*** 0.39*** 0.37*** 0.34*** 0.42*** 0.48***  
(0.016) (0.004) (0.004) (0.004) (0.006) (0.004) (0.005) (0.005) (0.005) 

TATR 3.32*** 4.10*** 4.41*** 5.31*** 4.45*** 4.44*** 5.06*** 4.04*** 3.58***  
(0.08) (0.047) (0.051) (0.054) (0.16) (0.076) (0.033) (0.046) (0.064) 

ESG -0.040*** 0.0078*** 0.016*** 0.016*** 0.0026 0.0026 -0.0076** -0.017** -0.0053  
(0.004) (0.002) (0.002) (0.004) (0.005) (0.003) (0.003) (0.004) (0.003) 

Observations 552 552 552 552 552 552 552 552 552 

Turning Point 

(GhG*thousands of 

metric tons) 

4.1628 3.5526 3.3673 1.7308 2.1429 2.6719 2.6818 2.6667 3.1286 

Note(s): ROA denotes Return on Assets. Ln(GhG) represents the natural logarithm of greenhouse gas emissions, and Ln(GhG)² denotes its squared term, capturing 

the non-linear relationship. SIZE is measured as market capitalization, AGE refers to the number of years since firm incorporation, SG represents sales growth, 

LEV denotes leverage, MTBV refers to market-to-book value ratio, TATR represents total asset turnover ratio, and ESG captures environmental, social, and 

governance performance. Turning points are computed based on the estimated coefficients of Ln(GhG) and Ln(GhG)Sq, indicating the emission threshold at which 

the relationship between emissions and firm performance changes direction. Standard errors are reported in parentheses. ***, **, and * indicate statistical 

significance at the 1%, 5%, and 10% levels, respectively.



Table 4: Quantile Regression Findings of the GhG-CFP Nexus by Employing ROA as a proxy for CFP (With ERE) 

Variables      (0.1) (0.2) (0.3) (0.4) (0.5) (0.6) (0.7) (0.8) (0.95) 

Ln(GhG) 3.57*** 3.43*** 2.42*** 0.81*** 1.14*** 2.71*** 3.20*** 3.10*** 2.29***  
(0.097) (0.057) (0.12) (0.041) (0.042) (0.057) (0.06) (0.19) (0.16) 

Ln(GhG)² -0.68*** -0.75*** -0.64*** -0.45*** -0.52*** -0.80*** -0.81*** -0.67*** -0.34***  
(0.016) (0.01) (0.014) (0.0078) (0.01) (0.014) (0.016) (0.066) (0.025) 

ERE -11.0*** -7.61*** 0.49* -0.96** 0.68*** 1.06*** -0.03 1.24* 3.81***  
(0.22) (0.17) (0.22) (0.29) (0.12) (0.21) (0.24) (1.1) (0.8) 

Ln(GhG)*ERE 3.45*** 2.55*** 0.86*** 1.22*** 0.92*** 1.45*** 0.96*** 0.26 -0.61**  
(0.075) (0.048) (0.06) (0.072) (0.04) (0.059) (0.064) (0.32) (0.2) 

Size 1.66*** 2.57*** 2.69*** 2.80*** 3.12*** 2.96*** 3.19*** 2.84*** 1.56***  
(0.094) (0.019) (0.06) (0.028) (0.028) (0.039) (0.015) (0.13) (0.24) 

Age -0.20* 0.49*** -0.26*** -1.16*** -1.03*** -1.61*** -2.38*** -3.13*** -3.36***  
(0.085) (0.034) (0.032) (0.044) -0.046 -0.03 -0.054 -0.12 -0.24 

SG 0.0063*** 0.012*** 0.022*** 0.015*** 0.0046*** 0.020*** 0.019*** 0.0012 0.027***  
(0.0011) (0.00047) (0.00053) (0.0008) (0.00082) (0.00075) (0.00048) (0.0033) (0.0027) 

LEV -0.18*** -0.16*** -0.14*** -0.14*** -0.15*** -0.15*** -0.17*** -0.18*** -0.29***  
(0.0013) (0.00037) (0.0014) (0.00075) (0.00099) (0.00059) (0.00059) (0.0017) (0.0035) 

MTBV 0.28*** 0.25*** 0.32*** 0.30*** 0.30*** 0.31*** 0.34*** 0.43*** 0.45***  
(0.0057) (0.0028) (0.0039) (0.0017) (0.002) (0.0022) (0.0046) (0.016) (0.01) 

TATR 4.55*** 4.54*** 4.77*** 5.42*** 5.13*** 5.37*** 5.32*** 4.58*** 2.90***  
(0.15) (0.031) (0.041) (0.036) (0.02) (0.027) (0.02) (0.15) (0.07) 

ESG -0.019*** -0.020** -0.011** -0.0062* -0.019*** -0.0050** -0.010** 0.000097 0.034***  
(0.0012) (0.0014) (0.0013) (0.0011) (0.0016) (0.00071) (0.00094) (0.0037) (0.0068) 

Observations 552 552 552 552 552 552 552 552 552 

Turning Point  

(GhG*thousands of metric 

tons Regulatory Non-

Exposure=0) 

 

  

2.63 2.29 1.89 0.9 1.1 1.69 1.98 2.31 3.37 



Turning Point  

(GhG*thousands of 

metric tons Regulatory 

Exposure =1) 

5.16 3.99 2.56 2.26 1.98 2.6 2.58 2.5 2.47 

Note(s): RoA = Return on Assets; Ln(GhG) = natural logarithm of greenhouse gas emissions; Ln(GhG)² = square of greenhouse gas emissions; ERE = dummy 

variable for designated consumers (1 = DC firms, 0 = otherwise) under the PAT scheme; Ln(GhG) × ERE = interaction term capturing the moderating effect of 

regulatory exposure; Size = natural logarithm of market capitalisation; Age = natural logarithm of firm age; SG = sales growth measured as log difference in sales; 

LEV = financial leverage, measured as the ratio of total liabilities to total assets; MTBV = market-to-book value ratio; TATR = total asset turnover ratio, measured 

as sales to total assets; ESG = ESG performance score obtained from Bloomberg. Turning points are computed as −β1/2β2 and reported separately for firms with 

no regulatory exposure (PAT = 0) and regulatory exposure (PAT = 1). Standard errors are reported in parentheses. ***, **, and * denote statistical significance at 

the 1%, 5%, and 10% levels, respectively. 



Table 5 Dynamic Panel Regression Results for GhG and CFP (ROA): With and Without 

Moderating Effect of ERE 

Variables Without interaction With interaction 

Ln(GhG) 4.55* 3.94** 
 

(2.21) (1.47) 

Ln(GhG)² -0.83** -1.12** 
 

(0.44) (0.35) 

ERE - -7.88** 
  

(3.01) 

Ln(GhG)*ERE - 3.27** 

  
(1.24) 

Size 1.44 2.89*** 
 

(0.85) (0.83) 

AGE 0.44 0.44 

 (1.22) (1.13) 

SG 0.024* 0.0026 

 (0.011) (0.012) 

LEV -0.12*** -0.10*** 
 

(0.034) (0.023) 

MTBV 0.19* 0.15** 
 

(0.09) (0.054) 

TATR 3.04** 3.88** 
 

(1.12) (1.33) 

ESG -0.023 -0.069* 
 

(0.042) (0.032) 

No of observations 368 368 

AR(1) 0.000 0.001 

AR(2) 0.487 0.746 

Sargan test of overrid. Restrictions: 0.471 0.438 

Turning Point (GhG*thousands of metric tons) 2.741 - 

Turning Point (GhG*thousands of metric tons 

Regulatory Non-Exposure=0)  

- 1.759 

Turning Point (GhG*thousands of metric tons 

Regulatory Exposure =1) 

- 3.219 

Note(s): RoA = Return on Assets; Ln(GhG) = natural logarithm of greenhouse gas emissions; Ln(GhG)² = square of 

greenhouse gas emissions; ERE = dummy variable for designated consumers (1 = DC firms, 0 = otherwise) under the 

PAT scheme; Ln(GhG) × ERE = interaction term capturing the moderating effect of regulatory exposure; Size = 

natural logarithm of market capitalisation; Age = natural logarithm of firm age; SG = sales growth measured as log 

difference in sales; LEV = financial leverage, measured as the ratio of total liabilities to total assets; MTBV = market-

to-book value ratio; TATR = total asset turnover ratio, measured as sales to total assets; ESG = ESG performance 

score obtained from Bloomberg. AR(1) and AR(2) represent Arellano–Bond tests for first- and second-order serial 

correlation, respectively; Sargan test refers to the test of over-identifying restrictions. Turning points are computed as 

−β1/2β2, with separate estimates reported for models without interaction and for firms with regulatory non-exposure 

(PAT = 0) and regulatory exposure (PAT = 1). Standard errors are reported in parentheses. ***, **, and * denote 

statistical significance at the 1%, 5%, and 10% levels, respectively



Appendix 

Table A.1: A Systematic Literature Review 

Authors (Year) Objective Country  Methodology Key finding(s) 

 

Panel A. Prior evidence on GHG emissions and corporate financial performance (CFP) 

 

 

(Gerged et al., 2020) 

 

Test whether mandatory GhG disclosure is 

associated with firms’ cost of equity and 

whether the relation is non-linear 

 

UK  

 

Panel regressions under 

mandatory regime (post-2013), 

non-linear (quadratic) 

specification 

 

U-shaped relation between 

GhG emissions and cost of 

equity: risk first rises then falls 

beyond a threshold, consistent 

with non-linear trade-offs. 

  
 

(Ghosh et al., 2023) 

 

Examine how carbon performance (CP) and 

disclosure affect CFP allowing for 

non-linearity 

 

India 

 

OLS, and Fixed effect 

 

Initial stage CP decreases CFP 

but later improves CFP 

indicating a U-shaped 

relationship. 

  
 

 

(Le & Nguyen-Phung, 2024) 

 

To evaluate how environmental 

performance influences corporate financial 

performance in African emerging markets 

 

Africa 

 

Fixed effect panel data 

regressions; GMM estimators to 

address endogeneity, 2SLS 

 

GhG emission intensity had a 

significantly negative impact 

on ROA and ROE; effects 

stronger in high-emission 

sectors. Results robust across 

instruments and post-Paris 

Agreement period. 

  

 

Trumpp & Guenther (2015) 

 

Explore potential U-shaped relationships 

between Corporate Environmental 

Performance (CEP) and CFP 

Cross-industry 

listed firms (CDP 

Global 500, S&P 

500, FTSE 350) 

Panel regressions Fixed effect 

with quadratic terms 

Companies with low CEP 

experience negative 

relationship, whereas higher 

CEP demonstrate positive 

effect. The study demonstrates 

U-shaped relationship.  
Panel B. Emissions Trading Schemes (ETS) and firm performance 



 

(Commins et al., 2011) 

 

Assess impact of climate policy stringency 

on firm performance 

 

EU  

 

Econometric analysis on 

firm-level panel 

 

Stricter climate policies are 

associated with lower 

return-on-capital for 

trade-exposed manufacturing 

firms. The impact on 

productivity 

and profits are negative.  
 

(Oak & Bansal, 2022) 

 

To evaluate the effectiveness of the PAT 

scheme in improving energy efficiency 

among designated industries 

 

India 

 

Policy and empirical assessment 

of PAT cycles 

 

PAT led to improvements in 

energy efficiency, though 

benefits varied across 

industries; compliance costs 

and uneven enforcement 

limited full effectiveness. 

  
 

(Chauhan & Thangavel, 

2025) 

 

To analyse how PAT contributes to 

industrial energy efficiency and 

sustainability outcomes 

 

India 

 

Sectoral case analysis and 

policy review 

 

PAT incentivized adoption of 

energy-efficient technologies; 

uneven sectoral benefits. 

Stronger monitoring and 

integration with carbon 

markets needed. 

  
 

(Yu et al., 2021) 

 

To test whether ETS improves both 

emission reduction and firm financial 

performance 

 

China; A-share 

listed industrial 

firms 

 

Panel regression, firm-level 

ETS participation 

 

ETS firms reduced carbon 

emissions and showed 

improved financial 

performance.  
 

(Μακρίδου et al., 2019) 

 

To examine profitability drivers of ETS-

covered firms 

 

EU 

 

Firm-level panel regression 

 

Profitability of ETS firms 

linked to allocation factors and 

emission intensity.  

Source: Author’s own compilation  



Table A.2: Description of Research Variables  

Variables Name Description Citations  

ROA Return on Assets Net income divided by 

total assets; widely used 

accounting-based measure 

of corporate financial 

performance 

Hart & Ahuja 

(1996); Fujii et al. 

(2013) 

ROE Return on Equity Net income divided by 

shareholders’ equity; 

captures returns to 

shareholders 

Lewandowski 

(2017) 

Ln(GhG) Log of Greenhouse Gas 

Emissions 

Natural logarithm of firm-

level total GhG emissions 

(Scope 1 and 2); captures 

scale of emissions 

Broadstock et al. 

(2017) 

Ln(GhG)² Quadratic Emissions Term Squared term of Ln(GhG); 

used to test for curvilinear 

(U-shaped or inverted U-

shaped) relationships 

Broastock et al. 

(2017); Trumpp 

& Guenther 

(2015) 

ERE Environment Regulatory 

Exposure (Dummy) 

Equals 1 if firm is PAT-

compliant, 0 otherwise; 

captures participation in 

India’s energy efficiency 

trading scheme 

Bureau of Energy 

Efficiency (BEE), 

Govt. of India 

Ln(GhG)*ERE Interaction Term Product of Ln(GhG) and 

ERE dummy; tests whether 

ERE moderates the 

emissions–performance 

link 

Porter & van der 

Linde (1995) for 

theoretical basis 

Size Firm Size Natural logarithm of 

market capitalization; used 

as a proxy for firm scale 

and market valuation. This 

capture both firm size and 

the extent of investor 

scrutiny, consistent with 

ESG–finance studies. 

Broadstock et al. 

(2017); contrast 

Clarkson et al. 

(2010) 

Leverage (LEV) Leverage Ratio Total debt divided by total 

assets; controls for capital 

structure and financial risk 

Fujii et al. (2013) 

MTBV Market-to-Book Value Ratio of market 

capitalization to book value 

of equity; proxy for growth 

opportunities 

Broadstock et al. 

(2018) 



Total Asset 

Turnover 

Ratio (TATR) 

Efficiency Ratio Sales divided by total 

assets; proxy for 

operational efficiency and 

utilization of resources 

Hart & Ahuja 

(1996) 

ESG ESG Score Composite measure of 

environmental, social, and 

governance practices. 

Rao et al. (2023) 

Age Firm Age Number of years since 

incorporation or listing; 

controls for maturity and 

lifecycle stage 

Trumpp & 

Guenther (2015) 

Sales Growth (SG) Sales Growth Rate Year-on-year percentage 

change in sales revenue; 

controls for firm growth 

dynamics 

Lewandowski 

(2017) 

 

Notes: The variables for Indian listed companies from 2017 to 2022 are extracted from Bloomberg and the company’s 

financial statements.



Table A.3: Quantile Regression Findings of the GhG-CFP Nexus by Employing ROE as a Proxy for CFP (Without ERE) 

Variables   (0.1) (0.2) (0.3) (0.4)  (0.5) (0.6) (0.7) (0.8) (0.95) 

Ln(GhG) -0.048 2.74*** 0.89*** 0.66*** 2.22*** 4.76*** 6.23*** 6.57*** 7.59***  
(0.19) (0.15) (0.11) (0.095) (0.091) (0.055) (0.074) (0.14) (0.35) 

Ln(GhG)² 0.079* -0.50*** -0.14*** -0.18*** -0.43*** -0.85*** -1.09*** -1.19*** -1.17***  
(0.032) (0.029) (0.023) (0.017) (0.016) (0.008) (0.011) (0.031) (0.077) 

Size 5.11*** 5.05*** 4.47*** 4.65*** 2.85*** 2.86*** 2.64*** 2.91*** 3.97***  
(0.04) (0.3) (0.17) (0.043) (0.088) (0.048) (0.12) (0.081) (0.15) 

Age 0.46*** 1.05*** -0.51*** -0.76*** -0.70*** -1.66*** -2.61*** -3.78*** -5.00***  
(0.098) (0.13) (0.11) (0.12) (0.095) (0.083) (0.11) (0.11) (0.53) 

SG 0.032*** 0.0077 0.0078* 0.00067 0.000052 -0.0020** -0.00026 0.013*** 0.070***  
(0.001) (0.005) (0.004) (0.002) (0.003) (0.000) (0.001) (0.001) (0.003) 

LEV -0.34*** -0.16*** -0.11*** -0.062*** -0.051** -0.011*** -0.018** 0.018*** -0.012*  
(0.003) (0.005) (0.001) (0.005) (0.002) (0.002) (0.002) (0.003) (0.006) 

MTBV 0.46*** 0.50*** 0.53*** 0.53*** 0.65*** 0.66*** 0.71*** 0.70*** 0.70***  
(0.005) (0.023) (0.01) (0.004) (0.01) (0.002) (0.005) (0.004) (0.011) 

TATR 11.9*** 10.6*** 11.6*** 12.2*** 12.0*** 12.6*** 11.3*** 12.0*** 11.2***  
(0.054) (0.23) (0.067) (0.054) (0.083) (0.029) (0.078) (0.079) (0.073) 

ESG -0.21*** -0.100** 0.040*** 0.031*** 0.071*** 0.041*** -0.0035 -0.042** -0.055**  
(0.003) (0.009) (0.005) (0.002) (0.002) (0.001) (0.004) (0.006) (0.018) 

Observations 552 552 552 552 552 552 552 552 552 

Turning Point 

(GhG*thousands of 

metric tons) 

NR 2.74 3.178 1.8333 2.581 2.8 2.853 2.761 3.24 

Note(s): ROE denotes Return on Equity. Ln(GhG) represents the natural logarithm of greenhouse gas emissions, and Ln(GhG)² denotes its squared term, capturing 

the non-linear relationship. SIZE is measured as market capitalization, AGE refers to the number of years since firm incorporation, SG represents sales growth, 

LEV denotes leverage, MTBV refers to market-to-book value ratio, TATR represents total asset turnover ratio, and ESG captures environmental, social, and 

governance performance. Turning points are computed based on the estimated coefficients of Ln(GhG) and Ln(GhG)Sq, indicating the emission threshold at which 

the relationship between emissions and firm performance changes direction. Standard errors are reported in parentheses. ***, **, and * indicate statistical 

significance at the 1%, 5%, and 10% levels, respectively.



Table A.4: Quantile Regression Findings of the GhG-CFP Nexus by Employing ROE as a Proxy for CFP (With ERE) 

Variables     (0.1)  (0.2) (0.3) (0.4)  (0.5) (0.6) (0.7) (0.8) (0.95) 

Ln(GhG) 1.05*** 1.41*** 1.48*** 0.96*** 1.91*** 3.71*** 1.22*** 6.06*** 0.007  
(0.031) (0.220) (0.015) (0.058) (0.19) (0.054) (0.16) (0.41) (0.078) 

Ln(GhG)² -0.16** -0.36** -0.59*** -0.50*** -0.57*** -0.86*** 0.12** -0.97*** 0.84***  
(0.0063) (0.044) (0.0024) -0.0097 -0.025 -0.014 -0.041 -0.083 -0.02 

ERE -3.28*** 1.89*** 2.90*** 4.87*** 8.84*** 6.60*** 16.1*** 7.52*** 20.9***  
(0.16) (0.42) (0.043) (0.13) (0.35) (0.12) (0.45) (0.49) (0.23) 

Ln(GhG)*ERE 1.08*** 0.52*** 0.75*** 0.083* -1.18*** -0.82*** -4.84*** -1.71*** -6.20***  
(0.049) (0.14) (0.014) (0.033) (0.075) (0.046) (0.16) (0.18) (0.063) 

Size 4.98*** 5.35*** 6.19*** 5.58*** 4.08*** 3.46*** 2.95*** 2.72*** -0.19**  
(0.03) (0.099) (0.015) (0.02) (0.045) (0.052) (0.074) (0.088) (0.065) 

Age 0.015 0.82*** 0.17*** -0.02 -0.47*** -2.18*** -0.41** -4.96*** -6.79***  
(0.03) (0.097) (0.033) (0.072) (0.11) (0.058) (0.13) (0.19) (0.073) 

SG -0.0029* 0.0043 -0.011*** -0.011** 0.013*** 0.0047*** 0.0063*** -0.0022 0.028***  
(0.00064) (0.0033) (0.00028) (0.0016) (0.0033) (0.00066) (0.0018) (0.0043) (0.001) 

LEV -0.32*** -0.14** -0.086*** -0.043** -0.014** 0.0042*** 0.018*** 0.010*** -0.077***  
(0.00049) (0.0039) (0.00031) (0.001) (0.0031) (0.00099) (0.0039) (0.0024) (0.0019) 

MTBV 0.46*** 0.50*** 0.39*** 0.42*** 0.59*** 0.67*** 0.69*** 0.84*** 0.89***  
(0.0035) (0.0082) (0.0015) (0.0047) (0.0073) (0.0057) (0.0048) (0.0059) (0.0062) 

TATR 12.4*** 10.5*** 13.9*** 14.3*** 13.1*** 11.9*** 12.3*** 12.4*** 11.8***  
(0.033) (0.13) (0.026) (0.072) (0.095) (0.045) (0.17) (0.098) (0.034) 

ESG -0.18*** -0.094* 0.0088*** 0.015*** 0.025*** 0.023*** 0.036*** -0.014* -0.084***  
(0.0016) (0.0034) (0.00052) (0.0016) (0.0053) (0.0022) (0.0033) (0.006) (0.0023) 

Observations  552 552 552 552 552 552 552 552 552 

Turning Point 

(GhG*thousands of 

metric tons Regulatory 

Non-Exposure=0)  

3.28 1.96 1.25 0.96 1.68 2.16 NA 3.12 NA 



Turning Point 

(GhG*thousands of 

metric tons Regulatory 

Exposure =1) 

6.66 2.68 1.89 1.04 0.64 1.69 NA 2.24 NA 

Note(s): RoE = Return on Equity; Ln(GhG) = natural logarithm of greenhouse gas emissions; Ln(GhG)² = square of greenhouse gas emissions; ERE = dummy 

variable for designated consumers (1 = DC firms, 0 = otherwise) under the PAT scheme; Ln(GhG) × ERE = interaction term capturing the moderating effect of 

regulatory exposure; Size = natural logarithm of market capitalisation; Age = natural logarithm of firm age; SG = sales growth measured as log difference in sales; 

LEV = financial leverage, measured as the ratio of total liabilities to total assets; MTBV = market-to-book value ratio; TATR = total asset turnover ratio, measured 

as sales to total assets; ESG = ESG performance score obtained from Bloomberg. Turning points are computed as −β1/2β2 and reported separately for firms with 

no regulatory exposure (PAT = 0) and regulatory exposure (PAT = 1). Standard errors are reported in parentheses. ***, **, and * denote statistical significance at 

the 1%, 5%, and 10% levels, respectively.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


