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Toxic Emissions Corporate Green Innovation

Regulatory burdens 

Environmental awareness

Whether high-emission firms produce more green patents. Yes!

Why high-emission firms produce more green patents. Motivations.

How high-emission firms produce green patents.

When high-emission firms prioritize green patents.

The implication of green patents.



Cement Manufacturer Cemex to Reduce Harmful Air Pollution from Five Plants under 

Settlement with Environmental Protection Agency (EPA) and Justice Department

https://www.justice.gov/opa/pr/cement-manufacturer-cemex-reduce-harmful-air-pollution-five-plants-under-settlement-epa-and

The Department of Justice and the U.S. Environmental Protection Agency (EPA) today (July 27, 2016 ) 
announced a settlement with Cemex Inc., under which the company will invest approximately $10 
million to cut emissions of harmful air pollution at five of its cement manufacturing plants in 
Alabama, Kentucky, Tennessee and Texas to resolve alleged violations of the Clean Air Act. 

“The cement sector is a significant source of air pollution posing real health risks to the communities 
where they reside … ”

“This settlement requires Cemex to use state of the art technology to reduce harmful air pollution …”

EPA estimates this will result in NOx emissions reductions of over 4,000 tons per year. Each facility 
will also be subject to strict SO2 emission limits.

https://www.justice.gov/opa/pr/cement-manufacturer-cemex-reduce-harmful-air-pollution-five-plants-under-settlement-epa-and
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Motivation: theoretical tension 
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Motivation

⚫ Positive impact of firms’ toxic emissions on corporate green innovation

Hypothesis 1a. Firms with high toxic release levels produce more green patents than those with low toxic

release levels.

➢ 1. Regulatory burdens and government investigations.

1) High emissions are a significant predictor of environment-related lawsuits (Hsu et al. (2022), Xu & Kim (2022)).

2) High toxic-emission firms have lower firm value relative to low-emission firms (Xu & Kim (2022)),

A reflection of the environmental policy uncertainty risk (Hsu et al. (2022)),

➢ 2. Environmental awareness.

More aware of environmental issues (e.g., due to environmental disasters),

The likelihood of greater investor activism (Akey & Appel (2019), Choi et al. (2021)), lower

institutional ownership for firms with environmental concerns (Chava (2014)), and the development and

adoption of stricter environment-related policies increases significantly (Ilhan et al. (2021)).
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Motivation: theoretical tension 
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Motivation

⚫ Impediments to generating green innovation for high-emission firms

Hypothesis 1b. The green patenting efforts of firms with high toxic release levels are indistinguishable from

those with low toxic release levels.

➢ 1. Regulatory arbitrage.

1) Financially constrained firms transfer their emissions activities from regulated to unregulated states to cope

with environmental and climate-related policies (Bartram et al. (2022))

2) Firms with low relocation costs facing high local regulatory pressures relocate their plants and facilities to

regions with less stringent environmental policies (Dai et al. (2021) )

State A State B

➢ 2. Managerial short-termism.

Managerial short-termism that is caused by external pressures and agency problems or generated by

managers’ personal styles, beliefs, or motivations (He & Tian (2013), Ladika & Sautner (2019)) can lead

firm managers to ignore or make light of corporate green innovation.



Data and Sample
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Data and Sample

⚫ (1) The Toxic Release Inventory (TRI) program database administered by the U.S. Environmental

Protection Agency (EPA);

⚫ (2) The patent database constructed by Kogan et al. (2017) containing the utility patent and citations

data for all patents filed (and eventually granted) with the United States Patents and Trademark

Office (USPTO).

“Green patents” are identified based on the guidelines provided by the Organization for Economic

Cooperation and Development (OECD) (Cohen, Gurun, & Nguyen, 2020; Haščič & Migotto, 2015);

⚫ (3) Financial and accounting data are obtained from Compustat.

⚫ (4) Text-based financial constraints (Hoberg and Maksimovic, 2015); asset redeployability (Kim and

Kung, 2017).

Sample

⚫ Our final sample includes 20,712 firm-year observations of 1,562 unique public firms over the 1987 to

2020 period.



Baseline Results
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Table 2: Baseline Results - Firms’ toxic emissions and corporate green innovation
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𝐺𝑟𝑒𝑒𝑛 𝐼𝑛𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛𝑖,𝑡+1,2 = 𝛼 + 𝛽𝑇𝑜𝑥𝑖𝑐 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑖,𝑡 + 𝛾𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑖,𝑡 + 𝐹𝐸𝑠 + 𝜖𝑖,𝑡 (1)

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

VARIABLES
Ln(Green Pat)

(t+1)

Ln(Green Pat)

(t+2)

Ln(Tot GPat Cites)

(t+1)

Ln(Tot GPat Cites)

(t+2)

Ln(Total Release) 8.635*** 10.154*** 6.400** 9.212**

(2.773) (2.908) (2.045) (2.573)

Capex/assets -181.110 -232.467* -72.771 -116.085

(-1.428) (-1.783) (-0.542) (-0.827)

ROA -176.946* -189.653* -240.111** -252.349**

(-1.865) (-1.922) (-2.447) (-2.372)

PPE/assets 98.144 160.732** 39.445 84.964

(1.259) (2.026) (0.530) (1.105)

Profit margin -9.079 -6.741 -4.196 12.631

(-0.852) (-0.739) (-0.407) (1.248)

Tobin’s q 0.897 9.941 -5.943 1.751

(0.078) (0.842) (-0.503) (0.141)

Leverage 38.526 28.795 52.417 19.091

(0.757) (0.545) (1.053) (0.351)

Ln (market equity) 69.121*** 73.371*** 76.203*** 78.159***

(5.295) (5.320) (5.847) (5.716)

Cash -14.611 57.058 61.247 118.934

(-0.163) (0.604) (0.618) (1.171)

R&D/assets -150.117 -185.721 435.756 512.612

(-0.326) (-0.380) (0.994) (1.060)

Observations 20,712 18,965 20,712 18,965

Adjusted R-squared 0.763 0.767 0.692 0.695

Firm FE Yes Yes Yes Yes

Industry-year FE Yes Yes Yes Yes

Baseline Results

➢ All dependent variables (i.e., the 

innovation variables) are multiplied 

by 1,000 to enhance the readability of 

coefficients in the regression analysis.

• Economically, a one-standard-deviation 

(4.05) increase in the natural logarithm 

of total toxic releases is associated with a 

9.67% (8.97%) increase in Ln(Green 

Pat) (Ln(Tot GPat Cites)) from the mean 

level of 361.71 (288.87).

Econ.

Sign. 

9.67%

Econ.

Sign. 

8.97% 
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Tables A.4 and A.5 
Baseline Results – Types of toxic emissions and corporate green innovation
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Baseline Results

(1) (2) (3) (4) (5)

VARIABLES Ln(Green Pat) Ln(Green Pat) Ln(Green Pat) Ln(Green Pat) Ln(Green Pat)

Ln(Health Effects Release) 7.544** 7.499**

(2.515) (2.498)

Ln(RSEI Hazard) 3.870** 3.842**

EPA’s Risk-screening Environmental Indicators toxicity weight (2.282) (2.264)

Ln(No Health Effects Release) 0.906 0.646 0.616

(0.399) (0.284) (0.271)

Observations 20,712 20,712 20,712 20,712 20,712

Adjusted R-squared 0.763 0.763 0.762 0.763 0.763

Controls Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes

Industry-year FE Yes Yes Yes Yes Yes

(1) (2) (3)

VARIABLES Ln(Green Pat) Ln(Green Pat) Ln(Green Pat)

Ln(Onsite Release) 9.193*** 8.728***

(3.009) (2.970)

Ln(Offsite Release) 3.029 1.958

(1.406) (0.950)

Observations 20,712 20,712 20,712

Adjusted R-squared 0.763 0.763 0.763

Controls Yes Yes Yes

Firm FE Yes Yes Yes

Industry-year FE Yes Yes Yes

➢ Emissions associated with human

health impacts and onsite toxic

releases are the main drivers of

the relationship.

➢ A double-sided and complicated

impact of highly polluting firms on

society
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Table A.6. Firms’ toxic emissions and green innovation (excluding energy sector) 
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Cohen et al. (2020): 

The energy sector includes the 

industries with the first two digits 

of SIC equal to 

A. 10 (Metal, Mining), 

B. 12 (Coal Mining), 

C. 13 (Oil & Gas Extraction), 

D. 14 (Nonmetallic Minerals, 

Except Fuels), 

E. 29 (Petroleum & Coal 

Products), or 

F. 49 (Electric, Gas, & Sanitary 

Services)

Loss of approx. 10% of our final sample

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

VARIABLES
Ln(Green Pat)

(t+1)

Ln(Green Pat)

(t+2)

Ln(Tot GPat Cites)

(t+1)

Ln(Tot GPat Cites)

(t+2)

Ln(Total Release) 7.473** 9.040** 6.483** 8.869**

(2.229) (2.419) (1.981) (2.370)

Capex/Assets -267.287* -292.329** -177.762 -173.283

(-1.946) (-2.023) (-1.221) (-1.114)

ROA -231.584** -263.889** -299.726*** -338.009***

(-2.183) (-2.315) (-2.730) (-2.731)

PPE/Assets 141.573 203.020** 77.650 124.879

(1.539) (2.177) (0.922) (1.438)

Profit Margin 0.804 3.890 6.545 12.506

(0.113) (0.474) (1.095) (1.430)

Tobin’s q 1.652 10.203 -4.645 2.450

(0.137) (0.823) (-0.374) (0.186)

Leverage 38.179 25.834 46.541 17.154

(0.715) (0.466) (0.891) (0.302)

Ln(Market Equity) 76.248*** 81.621*** 79.576*** 83.253***

(5.367) (5.419) (5.610) (5.628)

Cash -12.437 62.212 50.108 129.069

(-0.133) (0.631) (0.484) (1.218)

R&D/Assets -125.531 -156.521 434.139 475.899

(-0.271) (-0.318) (0.986) (0.983)

Observations 18,476 16,887 18,476 16,887

Adjusted R-squared 0.760 0.765 0.689 0.693

Firm FE Yes Yes Yes Yes

Industry-year FE Yes Yes Yes Yes
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Table 3: Toxic Emission and Corporate Green Innovation Value
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Baseline Results

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

VARIABLES Ln(Tot GPat Real Value)
Ln(Tot GPat Nominal 

Value)
Ln(Avg GPat Real Value)

Ln(Avg GPat Nominal 

Value)

Ln(Total Release) 13.326** 15.477** 6.918* 8.718*

(2.281) (2.241) (1.690) (1.741)

Observations 20,712 20,712 20,712 20,712

Adjusted R-squared 0.720 0.706 0.598 0.598

Controls Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes

Industry-year FE Yes Yes Yes Yes

➢ Green patents produced by high-emission firms have higher total and average values.

➢ Not merely a green washing activity. 

Total (real and nominal) value Average (real and nominal) value 
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Table 4 – Specific categories of green innovation
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Baseline Results

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Dependent 

Variables➔

Ln(GPat(Var.))

Env Mgt
Water 

Adapt

CCM 

Energy

CCM GH 

Gases

CCM 

Transport

CCM 

Build

CCM 

Waste

CCM 

Goods
Tot Env Tot CCM

Ln(Total Release) 6.539*** 0.302 3.584** 0.544* 1.980 -0.053 1.645** 5.546*** 6.884*** 6.697**

(3.181) (0.861) (2.098) (1.856) (1.233) (-0.032) (2.146) (2.650) (3.229) (2.286)

Observations 20,712 20,712 20,712 20,712 20,712 20,712 20,712 20,712 20,712 20,712

Adjusted R-squared 0.690 0.397 0.622 0.375 0.695 0.632 0.312 0.653 0.701 0.740

Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Industry-year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

➢ High-emission companies have better performance in both environmental (Column (9)) and

CCM (Column (10)) categories than low-emission firms. See examples.

Environmental (Env) Climate change mitigation (CCM) Total Env Total CCM
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Table 5: Toxic emissions and green innovation strategy
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Baseline Results

➢ High-pollution companies use both explorative and exploitative strategies in green innovation.

➢ High-emission firms push their boundaries and explore new technologies rather than relying

only on developing expertise when producing green patents.

(1) (2)

VARIABLES Ln(Explorative GPat) Ln(Exploitative GPat)

Ln(Total Release) 6.080*** 4.665**

(2.814) (2.118)

Observations 20,712 20,712

Adjusted R-squared 0.707 0.661

Controls Yes Yes

Firm FE Yes Yes

Industry-year FE Yes Yes



Identification: Two Experiments
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Table 7: Identification - Experiment 1: The 2016 Nov election of President Trump
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Identification: Two Experiments

𝐺𝑟𝑒𝑒𝑛 𝐼𝑛𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛𝑖,𝑡+1
= 𝛼 + 𝛽1𝑇𝑜𝑥𝑖𝑐 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑖,𝑡 + 𝛽2𝑇𝑜𝑥𝑖𝑐 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑖,𝑡 × 𝑃𝑜𝑠𝑡 𝐸𝑙𝑒𝑐𝑡𝑖𝑜𝑛𝑖,𝑡 + 𝛽3𝑃𝑜𝑠𝑡 𝐸𝑙𝑒𝑐𝑡𝑖𝑜𝑛𝑖,𝑡 + 𝛾𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑖,𝑡 + 𝐹𝐸𝑠 + 𝜖𝑖,𝑡

(2)

➢ High-emission firms largely reduced their efforts in green innovation after Trump’s election, leading

to a decrease in the quantity, quality, and value of green patents.

(1) (2) (3) (4) (5) (6) (7)

Green Patents Env & CCM Explorative & Exploitative

VARIABLES
Ln(Green 

Pat)

Ln(Tot GPat 

Cites)

Ln(Tot GPat

Real Value)

Ln(GPat(Tot 

Env))

Ln(GPat(Tot 

CCM))

Ln(Explorative 

GPat)

Ln(Exploitative 

GPat)

Ln(Total Release) 2.296 7.247 -8.852 3.111 3.589 -1.147 0.513

(0.359) (1.264) (-0.638) (0.711) (0.614) (-0.244) (0.145)

Ln(Total Release) × Post Election -15.714*** -19.591*** -29.996*** -8.590*** -17.295*** -8.627** -9.143**

(-3.119) (-3.508) (-2.876) (-2.732) (-3.112) (-2.486) (-2.489)

Post Election - - - - - - -

Observations 2,079 2,079 2,079 2,079 2,079 2,079 2,079

Adjusted R-squared 0.791 0.496 0.727 0.792 0.719 0.705 0.685

Controls Yes Yes Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes Yes Yes

Industry-year FE Yes Yes Yes Yes Yes Yes Yes

- Pre: 2015, 2016 vs. 

- Post: 2017, 2018 
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Identification - Experiment 1: The 2016 election of President Trump
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Identification: Two Experiments

PSM-DDD Analysis

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

DDD PSM-DDD DDD PSM-DDD

VARIABLES Ln(Green Pat) Ln(Green Pat) Ln(Tot GPat Cites) Ln(Tot GPat Cites)

High Release -155.624 -254.418 -291.926** 120.849

(-1.063) (-0.821) (-2.050) (0.617)

High Release × US HQ × Post Election -170.720 -973.089* -490.668*** -1,611.843***

(-0.754) (-1.723) (-2.714) (-3.675)

US HQ - - - -

Post Election - - - -

Observations 2,079 136 2,079 136

Adjusted R-squared 0.791 0.549 0.499 0.059

Other interactions Yes Yes Yes Yes

Controls Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes

Industry-year FE Yes Yes Yes Yes

➢ Local (US HQ) high-emission firms significantly reduced green patenting, especially decreasing the

quality of green innovation, compared with those headquartered overseas following Trump’s election.
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Table 8: Identification - Experiment 2: The BP Deepwater Horizon oil spill (Dyck et al., 2019)
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Identification: Two Experiments

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

VARIABLES Ln(Green Pat) Ln(Tot GPat Cites)

Ln(Total Release) 17.060** 16.706* 12.232* 12.834*

(2.497) (1.881) (1.831) (1.688)

Ln(Total Release) × Treated Firm (Extractive

Industries) × Post-2010
45.401** 63.326*** 35.548** 50.862***

(2.519) (6.364) (2.309) (5.330)

Treated Firm 603.606*** - 657.576*** -

(3.918) (4.592)

Post-2010 7.627 - -23.418 -

(0.179) (-0.549)

Observations 1,198 1,194 1,198 1,194

Adjusted R-squared 0.276 0.347 0.233 0.302

Other interactions Yes Yes Yes Yes

Controls Yes Yes Yes Yes

Industry FE No Yes No Yes

Year FE No Yes No Yes

➢ For firms in extractive industries, this unexpected incident significantly strengthened the relation

between firms’ toxic emission levels and their green innovation.

Event: April 20, 2010

Pre: 2008, 2009

vs. 

Post: 2010, 2011



Do Constraints Hinder High-Emission 

Firms’ Green Patenting Efforts?
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The effect of financial constraints
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Do Constraints Hinder High-Emission Firms’ Green Patenting Efforts?

➢ In the presence of financial constraints, high-emission firms appear to reduce their

nongreen patenting efforts

more than their green patenting efforts.

(1) (2) (3) (4) (5) (6) (7) (8)

Total innovation Nongreen innovation Green innovation Env & CCM

VARIABLES
Ln(All 

Pat)

Ln(Tot AllPat 

Cites)
Ln(nonGPat)

Ln(Tot 

NGPat Cites)

Ln(Green 

Pat)

Ln(Tot GPat 

Cites)

Ln(GPat(Tot 

Env))

Ln(GPat(Tot 

CCM))

Ln(Total Release) 11.834 17.247** 12.779* 16.818** 0.879 5.396 1.584 0.304

(1.480) (1.977) (1.650) (2.022) (0.226) (1.320) (0.602) (0.081)

Ln(Total Release) × High HM Debt -7.137* -8.344** -7.145* -8.088** -0.934 -2.556 -1.536 -0.623

(-1.901) (-2.186) (-1.934) (-2.155) (-0.414) (-1.019) (-0.920) (-0.294)

High HM Debt 53.112 65.544 54.474 66.111 -2.296 11.285 4.884 -3.577

(1.243) (1.527) (1.283) (1.538) (-0.095) (0.423) (0.307) (-0.159)

Observations 7,573 7,573 7,573 7,573 7,573 7,573 7,573 7,573

Adjusted R-squared 0.918 0.901 0.918 0.901 0.825 0.741 0.773 0.812

Controls Yes Yes Yes Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes Yes Yes Yes

Industry-year FE Yes Yes Yes Yes Yes Yes Yes Yes
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The effect of asset redeployability
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Do Constraints Hinder High-Emission Firms’ Green Patenting Efforts?

➢ In the presence of limited asset redeployability, high-emission firms maintain their

environmental-related green innovation.

(1) (2) (3) (4) (5) (6) (7) (8)

Total innovation Nongreen innovation Green innovation Env & CCM

VARIABLES Ln(All Pat)
Ln(Tot AllPat

Cites)
Ln(nonGPat)

Ln(Tot NGPat

Cites)
Ln(Green Pat)

Ln(Tot GPat

Cites)

Ln(GPat(Tot 

Env))

Ln(GPat(Tot 

CCM))

Ln(Total Release) 22.929*** 27.328*** 23.645*** 27.386*** 12.964*** 10.960*** 7.527*** 10.413***

(2.950) (3.845) (3.068) (3.919) (3.255) (2.895) (2.745) (2.780)

Ln(Total Release) × Low Redeployability -16.173* -19.535** -16.167* -18.135** -11.651** -10.188** -2.816 -10.062**

(-1.829) (-2.451) (-1.824) (-2.283) (-2.494) (-2.254) (-0.963) (-2.198)

Low Redeployability 151.104 216.475** 157.563 209.719** 89.157 90.943* 23.186 79.505

(1.495) (2.316) (1.571) (2.271) (1.604) (1.682) (0.735) (1.478)

Observations 17,968 17,968 17,968 17,968 17,968 17,968 17,968 17,968

Adjusted R-squared 0.894 0.885 0.894 0.885 0.801 0.750 0.733 0.785

Controls Yes Yes Yes Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes Yes Yes Yes

Industry-year FE Yes Yes Yes Yes Yes Yes Yes Yes



Implication of Green Innovation
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(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Year −1 to Year 1 Year −1 to Year 2 Year −1 to Year 3 Year −1 to Year 4 Year −1 to Year 5

VARIABLES
ΔLn(Air 

Release)

ΔLn(Air 

Release)

ΔLn(Air 

Release)

ΔLn(Air 

Release)

ΔLn(Air 

Release)

ΔLn(Air 

Release)

ΔLn(Air 

Release)

ΔLn(Air 

Release)

ΔLn(Air 

Release)

ΔLn(Air 

Release)

Ln(GPat(Tot Env)) -0.082 -0.148** -0.197** -0.207** -0.210*

(-1.588) (-2.136) (-2.541) (-2.299) (-1.880)

Ln(GPat(Tot CCM)) -0.068* -0.084 -0.102 -0.077 -0.080

(-1.758) (-1.628) (-1.628) (-1.053) (-0.950)

Observations 18,737 18,737 17,154 17,154 15,747 15,747 14,505 14,505 13,352 13,352

Adjusted R-squared 0.070 0.070 0.125 0.125 0.183 0.182 0.216 0.215 0.254 0.254

Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Industry-year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Table 11 Implication of Corporate Green Innovation
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Economically, one-standard-deviation increase in the log numbers of environment green patents are associated with 

19.30%, 19.06%, 15.94%, and 13.57% decreases in ΔLn(Air Release) from the mean levels for year –1 to year 2 

through year 5, respectively.

𝛥𝐿𝑛(𝐴𝑖𝑟 𝑅𝑒𝑙𝑒𝑎𝑠𝑒)𝑖,(𝑡+1) = 𝛼 + 𝛽𝐺𝑟𝑒𝑒𝑛 𝐼𝑛𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛𝑖,𝑡 + 𝛾𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑖,𝑡 + 𝐹𝐸𝑠 + 𝜖𝑖,𝑡.

i = firm; t = year; 𝛥 = the changes from year t-1 to year t+1, 2, 3, 4, 5, respectively. 

Implication of Green Innovation



Conclusion
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Conclusion

⚫ Firms with high toxic release levels produce more high-quality, valuable green patents than their

counterparts with low toxic release levels. These results suggest a double-edged impact of highly

polluting firms on society.

⚫ Our results based on the election of President Trump and the Deepwater Horizon event support

the causal inferences regarding how firms’ toxic release levels affect their green patenting.

⚫ High-emission firms’ demand for green innovation can be affected by local environmental and

climate policies as well as environmental awareness.

⚫ Financially constrained high-emission firms reduce nongreen innovation rather than green

innovation to address environmental concerns. Moreover, high-pollution firms facing limited asset

redeployability appear to sacrifice other types of patenting for environmental-related green

innovation.

⚫ Corporate green innovation mitigates toxic air emissions.
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- To avoid truncation bias, we delete last three years of sample and keep (1987-2017) – see IA 

Table 1

- Cohn, Liu and Wardlaw (2022)’s critique on Ln(1+#Count variable) - See IA Table 3 Poisson 

estimation 

- Alternative key variable of interest using dummy variable (High release dummy instead of a 

continuous variable – Ln(Toxic Release) for Trump’s 2016 election (DiD analysis)  See IA 

Table 4

- Test of Parallel Trends for Trump’s election – See IA Table 6

Robustness Checks
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Conclusion

⚫ First study examining the impact of firms’ toxic emissions on green innovation.

⚫ Contributing to a growing stream of literature that examines environmental pollution (Hsu et al. (2022), Xu

and Kim (2022)) by showing that firms’ high levels of toxic releases act as a catalyst for pursuing green

innovation.

⚫ Our research extends the literature on firms’ green innovation by showing a potential economic

mechanism to the paradox in Cohen, Gurun and Nguyen (2020), who find that energy firms (with a low

ESG score) produce more green patents.

⚫ Our findings suggest a double-sided and complicated impact of highly polluting companies on society.

⚫ Contributing to the studies focusing on the impacts of environmental and climate policies in financial areas.

Using Trump’s 2016 election as an unexpected event shock, we show that (local) climate and

environmental policies indeed affect high-emission firms’ green innovation.

⚫ Prior studies show that constraints (e.g., financial constraints and limited asset redeployability) impede

corporate innovation (Kim & Kung (2017), Moshirian et al. (2021)). Our paper extends the literature by

showing that constrained firms may make structural decisions rather than simply reduce all innovation

activities.
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Table A.1 
Variable 
Definitions
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Table A.2 Types of 
innovation
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Table A.3 Toxic 
Emissions Under 
Various EPA Acts
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IA Table 1 Sample 
ends in 2017 (avoid 
truncation bias)
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IA Table 2 Subcategoris of green innovation
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IA Table 3 
Poisson 
Estimation
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IA Table 4 Trump’s Election: Alternative Measure
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IA Table 5 
Country-level locations of 
firms’ headquaters
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IA Table 6 Test of parallel trends
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IA Table 7 Sample Composition (Trump’s Election)
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IA Table 8 BP 
(DiD Analysis)
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