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Cracking down on carbon is a bit like

squeezing a balloon. Press too hard all at

once and it may pop, but squeeze only in

one corner and the air will simply flow to

where there is less pressure.

- The Economist, December 4, 2021

The Story



The Story
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• Regional environmental regulations can induce 

negative spillover
• Directly regulated firms’ emissions are shown to 

exhibit internal substitutions of chemicals/plants.

• We examine unintended externalities of 

environmental regulations along the supply 

chain through the NOx Budget Program (NBP) 
• How non-NBP-regulated energy-consuming 

manufacturers’ emission policy responds to the 

increase in their electricity price induced by NBP? 
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• NBP regulates power sources
• Reduced NOx emissions in the regulated areas, affecting >2500 

power sources.

• Costly NBP compliance for regulated power sources

(Fowlie, AER 2010) 
• The aggregate NBP compliance costs is $1.1 billion/yr

(Deschênes et al., AER 2017) 

• High pass-through of the compliance costs to

manufacturers (Fowlie, AER 2010) 
• We show energy prices charged to manufacturers ↑>7% in states 

participant NBP from 2004  

• Similar to Curtis (REStat 2018) and Dang et al. (2022)

➢Energy-intensive manufacturing firms thus experience a 

production cost shock.



Energy-Consuming Manufacturers’ Emission Responses

• Electricity prices ↑, pollution abatement cost ↑

• Energy costs ~ 28% of abatement operating costs

• Other abatement components likely become less 

affordable. 

• Manufacturers may have some slacks to increase

emissions without triggering EPA enforcement

• EPA condition its enforcement intensity on county’s 

nonattainment status 

• Some manufacturers may have left some safety margin 

(in anticipation of productions↑, enforcement↑, physical 

deterioration↓)
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Ways to Cut Abatement Costs (e.g., Becker, 2005; Fowlie, 
2010)

• Directly shut down some abatement facilities (to save
energy, reagents consumption)

• Adopt less capital intensive but less efficient abatement
options

• Retrench environmental engineering labor
• Cut contracted services
• Delay the replacement of deprecated abatement devices
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• Non-NBP-regulated energy-consuming 

manufacturing plants located in NBP states emit 

more harmful chemicals into the air.

• Channel: changes in costly abatement activities

• Cross-sectional analyses: concentrated in constrained 

myopic manufacturers 

• The roles of economic constraints

• The roles of managerial short-term incentives

• Tradeoff between abatement cost and expected EPA 

penalty

• Worsened air quality near the manufacturing plants. 

• Tend to be underprivileged communities. 

Preview of the findings
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Contributions

• Extend the literature on substitution effects of 
environmental regulations
• Direct effects on regulated firms’ internal substitution:

• Cross-media: 

• Greenstone (AER 2003), Gibson (REStat 2019)

• Cross-spatial: 

• Domestic: Gibson (REStat 2019), Bartram, Hou, and Kim (JFE 2022)

• Foreign: Ben-David, Jang, Kleimeier, and Viehs (2021), Dai, Duan, Liang 
and Ng (2022)

• Indirect effects on unregulated firms:
• Lending substitution - Laeven and Popov (2022) 

• Conservative capital structure - Dang, Gao, and Yu (WP 2022)

✓We focus on emissions spillover along the supply chain

✓We examine the toxicity of emissions and find harmful chemical ↑

✓Help policymakers better design future regulations to 
reduce the negative externalities 
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Contributions

• Extend literature on the substitution effects of 
environmental regulations:

• Emissions spillover along the supply chain

• Emissions of manufacturers unregulated by the 
environmental regulation

• Provide a better understanding of the costs and 
benefits of the NBP
• Emission of harmful chemicals

• Environmental consequences of the affected 
neighborhood

• NBP could have been more effective in achieving 
its goal in the environment and human health.

10



NOx Budget Program (NBP)
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Multiple legal challenges 

by Upwind states 

2008

End of NBP

2003 Downwind 

States start NBP

2004 Upwind 

States start NBP

1997 Downwind

States petition EPA

• The NBP was created with the purpose of limiting the environmental 
harm that NOx emitters could impose on downwind states. 

• The 11 upwind states did not 

begin participation until 2004. 

And it was not fully anticipated

due to legal battles.

1999-2002 Downwind States 

run the initial version of NBP



Data

• EPA’s Toxic Release Inventory (TRI) database

• Extensively used by economists
• Greenstone (AER 2003), Currie (AER 2011) and Gibson  

(REStat 2019), etc.

• Akey and Appel (JF 2021), Heitz, Wang, and Wang (MS 
2021), Xu and Kim (RFS 2022), etc.

• Self-reported by plants, several mechanisms to ensure 
the data quality:

• Constitute criminal offenses and result in civil and 
administrative penalties 

• Regular data quality checks

• Onsite inspections 
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Data

• EPA’s Pollution Prevention (P2) database

• Production Ratio: Changes in the output or outcome of processes 
in which a chemical is involved.

• If a chemical is used in car manufacturing, the ratio for 

year t:
#𝐶𝑎𝑟𝑠𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑𝑡

#𝐶𝑎𝑟𝑠𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑𝑡−1

• If a chemical is used to clean molds, the ratio for 

year t:
#𝑀𝑜𝑙𝑑𝑠𝐶𝑙𝑒𝑎𝑛𝑒𝑑𝑡

#𝑀𝑜𝑙𝑑𝑠𝐶𝑙𝑒𝑎𝑛𝑒𝑑𝑡−1

• If a chemical is used in multiple production processes, firms are 
required to report a weighted average

• EPA’s Integrated Risk Information System (IRIS)

• Information source on the toxicity of chemicals.

• Link the IRIS database and the TRI database by standard chemical 
identifiers (i.e., Chemical Abstract Services (CAS) numbers)
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Summary Statistics
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𝐥𝐨𝐠 𝑻𝒐𝒕𝒂𝒍𝑬𝒎𝒊𝒔𝒔𝒊𝒐𝒏𝒔𝒔,𝒊,𝒋,𝒌,𝒕 = 𝜷𝟏𝑵𝑩𝑷𝒔,𝒋 × 𝑷𝒐𝒔𝒕𝒕 ×𝑯𝒊𝒈𝒉𝑬𝒏𝒆𝒓𝒈𝒚𝒋 + 𝛽2𝑁𝐵𝑃𝑠,𝑗 × 𝑃𝑜𝑠𝑡𝑡
+ 𝛽3𝑃𝑜𝑠𝑡𝑡 × 𝐻𝑖𝑔ℎ𝐸𝑛𝑒𝑟𝑔𝑦𝑗
+ 𝛾𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝑅𝑎𝑡𝑖𝑜𝑠,𝑖,𝑗,𝑘,𝑡 + 𝛿′𝐹𝑖𝑟𝑚 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑖,𝑡−1
+ 𝑃𝑙𝑎𝑛𝑡𝑗 𝐹𝐸 + 𝐶ℎ𝑒𝑚𝑖𝑐𝑎𝑙𝑘 × 𝑌𝑒𝑎𝑟𝑡 𝐹𝐸 + 𝜖𝑠,𝑖,𝑗,𝑘,𝑡

Research Design

• Take advantage of the geographic, time, and industry heterogeneity and conduct 
DDD tests at Plant-Chemical-Year for non-NBP-regulated manufacturing plants:

• where 𝑠, i, j, k, and 𝑡 denote a state, firm, plant, chemical, and year, respectively.

• log(TotalEmissionss,i,j,k,t) is the natural log of total pounds of release for each 
chemical k from plant j of firm i that is located in state s in year t.

• 𝑁𝐵𝑃𝑠,𝑗 =1 for manufacturing plants located in the states that have NBP from 2004 to 
2007, and zero for the plants that are located in a state not affected by the NBP.

• 𝑃𝑜𝑠𝑡𝑡 =1 for the years 2004 to 2007, and zero for the years 2000 to 2003. 

• 𝐻𝑖𝑔ℎ𝐸𝑛𝑒𝑟𝑔𝑦𝑗 =1 if the plant’s industry is among the top five energy consumption 
manufacturing industries before the event, and zero otherwise. 

• 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝑅𝑎𝑡𝑖𝑜𝑠,𝑖,𝑗,𝑘,𝑡 is the ratio of current-year to previous-year output at plant-
chem level (enable us to hold Δ economic activities constant)

• Firm level control: log(AT), ROA, Leverage, M/B, Tangibility.

• Standard errors: clustered at plant levels (or state levels)
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Main Results: Effects of the NBP on Plant-Chemical-Year-Level Emissions

• 𝜷𝟏: 

• The diff in the change in the total emissions between high 
energy-consuming plants and low energy-consuming plants 
around NBP implementation in the NBP regulated states relative 
to the control group.

• 𝜷𝟏+𝜷𝟐 : 

• The diff in the change in the total emissions of the high energy-
consuming manufacturing around NBP implementation in the 
NBP regulated states relative to the control group.

𝐥𝐨𝐠 𝑻𝒐𝒕𝒂𝒍𝑬𝒎𝒊𝒔𝒔𝒊𝒐𝒏𝒔𝒔,𝒊,𝒋,𝒌,𝒕 = 𝜷𝟏𝑵𝑩𝑷𝒔,𝒋 × 𝑷𝒐𝒔𝒕𝒕 ×𝑯𝒊𝒈𝒉𝑬𝒏𝒆𝒓𝒈𝒚𝒋 + 𝛽2𝑁𝐵𝑃𝑠,𝑗 × 𝑃𝑜𝑠𝑡𝑡
+ 𝛽3𝑃𝑜𝑠𝑡𝑡 × 𝐻𝑖𝑔ℎ𝐸𝑛𝑒𝑟𝑔𝑦𝑗
+ 𝛾𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝑅𝑎𝑡𝑖𝑜𝑠,𝑖,𝑗,𝑘,𝑡 + 𝛿′𝐹𝑖𝑟𝑚 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑖,𝑡−1
+ 𝑃𝑙𝑎𝑛𝑡𝑗 𝐹𝐸 + 𝐶ℎ𝑒𝑚𝑖𝑐𝑎𝑙𝑘 × 𝑌𝑒𝑎𝑟𝑡 𝐹𝐸 + 𝜖𝑠,𝑖,𝑗,𝑘,𝑡



• 𝜷𝟏 → high and low energy-consuming plants respond differently to the NBP 
implementation in their emissions. 

• 𝜷𝟏+𝜷𝟐 → the total emissions of the high energy-consuming manufacturing plants
↑ 21.8% around NBP implementation relative to the change in the control group
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Parallel Trend of NBP Effects on Total Emissions
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• The result that we show in the baseline analysis is likely causal.



• For the form of emissions:

• Increase in emissions are concentrated in the released into air, rather than
into water or ground

• According to EPA survey, air emission abatements are more costly

• For the human health toxicity:

• Increase in emissions are concentrated in harmful chemicals, rather than
those non-harmful to human health

• According to EPA, harmful chemical abatements are more energy-consuming 
and costly

• The effects of NBP on pollution abatements activities

• Reduce abatements related to the material and process modification rather 
than those related to operating practices

• According to EPA, material and process improvements related abatements 
generally need more effort and higher costs 

➢Change in costly abatement seems to be a plausible channel

Evidence on the Channels Underlying the Observed Increases
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Material & Process Abatement

• Modifying a production process to 

produce less waste

• Using non-toxic or less toxic chemicals 

as cleaners, degreasers and other 

maintenance chemicals

Operating Practice Abatement

• Improving maintenance scheduling, 

record keeping

• Practices that enhance operator 

expertise and housekeeping measures 

that minimize waste
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The Effects of NBP’s Implementation on Different Emissions
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The Effects of NBP’s Implementation on Harmful Emissions
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Channel: Cut Costly Pollution Abatement Activities

➢The increase of emission is due to the decrease of costly 

abatement activities
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Cross-Sectional Analysis
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• The Roles of Economic Constraints:

• Tighter financial constraints

• Lower product market power

• The Roles of Economic Incentives:

• High-powered executive incentives: delta and vega

• Short-termism (high transient IOship)

• Higher stock price sensitivities to earnings

• Public listing status

• Overall, our results indicate that constrained myopic

manufacturers cut corners by reducing costly abatements

to absorb the NBP induced increase in energy input cost.



The Roles of Economic Constraints: 
Financial constraints and product market competition
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The Roles of Economic Incentives:
CEO compensation and shareholder short-termism
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The Roles of Economic Incentives:
Public listing status
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Tradeoff between Abatement Costs and Expected EPA Penalty
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• Whether the expected regulation stringency would

shape emission responses
• Utilize the EPA Greenbook data: county level regulation

stringency

• manufacturers located in a county that has attainment status

are subject to lower EPA regulation stringency

➢Only choose to cut corners in emissions when they perceive the

potential EPA enforcement risk is limited.

• Whether the plants involved in an enforcement action
• Utilize the EPA ECHO data: plant level EPA enforcement

outcomes

➢Do not experience a higher incidence of being fined by EPA

after the NBP
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Emissions and the Potential Enforcement Risk

• Being labelled as a nonattainment county triggers air quality planning and 

control requirements that set out corrective actions to reduce toxic releases 

without regard to cost (Becker and Henderson, 2000; Greenstone, 2002; 

Walker, 2013). 



Emissions and the Potential Enforcement Risk
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• According to the EPA ECHO database, among our sample plants, 1.7% of

plants have been fined by EPA.

• Since in the majority of cases, the database does not provide information on

the specific type of TRI-listed chemicals involved in a violation, we can only

estimate regressions at the plant-year-level level in the following test.

➢have carefully considered the tradeoff between 

more emissions and expected enforcement cost 



Local air quality near the non-NBP-regulated 
energy-consuming manufacturing plants

31



Local air quality near the non-NBP-regulated energy-
consuming manufacturing plants
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Local community profiles near the non-NBP-
regulated energy-consuming manufacturing plants
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Other Tests and Robustness Checks
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✓Verify the effects of the NBP on industrial electricity 

prices

✓Robustness by using different clustering levels

✓Robustness by using a balanced panel

✓Robustness by using a different treatment groups

✓Robustness by using alternative energy intensity measures

✓Examine the effects of the NBP on changes in production 

activities



Conclusion

• Document the unintended emission spillover to energy-intensive 
manufacturing plants that are not regulated by NBP.

• High energy manufacturers emit more harmful chemicals after
implementation

• Constrained myopic manufacturers cut corners by reducing costly
abatements to absorb the NBP induced increase in energy input
cost.

• Without such negative externality, the NBP can be even more 
effective in improving the environment and human health.

Emission Policy on

Upstream Sectors Production 

Cost ↑
Costly 

Abatement ↓
NOx

Harmful 

Chemicals ↑

NOx 

Budget 

Program

(NBP)

Unintended Externalities
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Thank you!
• Tse-Chun Lin, tsechunlin@hku.hk, HKU Business School, The University of Hong Kong
• Yiyuan Zhou, yiyuanz@hku.hk, HKU Business School, The University of Hong Kong
• Hong Zou, hongzou@hku.hk, HKU Business School, The University of Hong Kong
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• Industrial Electricity Price is the average electricity price for industrial customers at the utility-year 

level, based on the Energy Information Administration (EIA). 

• Following Curtis (2018), we interact the average annual prices of three types of fuels (i.e., coal, oil, and 

natural gas represented by the variable CoalPrice, OilPrice, and GasPrice, respectively) with the 

corresponding percent of electricity derived from each type of fuel in each region.

• Observations are weighted by their 1999 revenue to ensure that the utilities with little or no electricity 

sales do not drive the results. Dollar values are expressed in the year 2000 dollars. Robust standard 

errors clustered at the plant level are reported in parentheses. 

NBP Implementation and Industrial Electricity Prices
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Robustness: 



Validity Test on Production Ratio

Production Ratio: changes in the output or outcome of processes in which a 

chemical is involved.
Eg: If a chemical is used in the manufacturing of refrigerators, 

the production ratio for year t is given by
#𝑅𝑒𝑓𝑟𝑖𝑔𝑒𝑟𝑎𝑡𝑜𝑟𝑠𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑𝑡

#𝑅𝑒𝑓𝑟𝑖𝑔𝑒𝑟𝑎𝑡𝑜𝑟𝑠𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑𝑡−1 39


