Opening the Brown Box:
Production Responses to Environmental Regulation

Rebecca De Simone,' S. Lakshmi Naaraayanan,' Kunal Sachdeva?

"London Business School
2 Jesse H. Jones Graduate School of Business, Rice University

May 2024

ABFER 2024, Singapore



Focus on Reducing Industrial Emissions

Emissions Forecasts by Industry, Global
* Industrial emissions = % of total in 2022

(25.8% in India)

Power Transport Industry

= Emissions of other sectors projected to

decline, industrial emissions to rise \/
~N
= Challenges are technological and

uncertainty how to design regulation
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Emissions Forecasts by Industry, India

= Robust evidence targeting firm emissions
reduces them
- Often by shifting emissions and selling .
polluting assets -
- Mixed evidence on firm-level and _ S

aggregate effects
- No evidence on within-firm production Units: Million metric tonnes of COe.
responses Source: Rhodium Group Climate Deck Database.
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This Paper

We combine;

= Quasi-experiment: Pollution index introduced in 2009 in India targeting place-based
emissions; implementation based on pre-defined thresholds

- Difference-in-discontinuity around treatment thresholds
- Fixed effects: Firm and State x industry x Year

= Unique data: Inside the "brown box” of production processes and on firm outcomes

- Product-level inputs and outputs
- Abatement expenditures and action plans

Contributions:
= Evidence on firm-level and within-firm production responses
= Evidence on which firms respond and which bear the burden



Results

= Improved pollution metrics at the cluster and product levels
- Hand-collect subsequent evaluations conducted by the CPCB
- Satellite emissions readings
- Product energy inputs and imputed CO, emissions

= Treated firms green production —increase in abatement expenditures
- Shift from high-emission and coal-dependent products
- Electrify production
- Abatement investments concentrated where required
- Highly-polluting firms bear costs, drive changes

= Highest polluting firms drive results

- Average firm maintains profitability
- Production changes driven by high-polluting firms, which bear costs
- Non high-polluting increase margins

= Firm and regulator actions lower cost, but loss of aggregate dynamism



Contribution to the Literature

© Quantify impact of environmental regulation on emissions

- Command-and-control and cap-and-trade policies can both lower targeted emissions (Fowlie, 2010;
Harrison et al,, 2019; Bartram et al., 2022; Ivanov et al., 2023, ...)

- Evidence for shifting emissions (Aichele and Felbermayr, 2015; Schiller, 2018; Ben-David et al., 2027; Dai et
al,, 2021a and 2021b; Kim and Xu, 2021, ...)

— We focus on industrial clusters and use unique data and identification to study mechanisms

© Impact of emissions regulations on firm outcomes

— Mixed evidence on impact on productivity (Duflo et al., 2013; Kalmenovitz and Chen, 2021; Kala and
Gechter, 2023, ...) and financial performance (Lenox and Eesley, 2009; Servaes and Tamayo, 2013; Fan et
al,, 2019; Naaraayanan et al., 2021, ...)

— We document firm-level and within-firm production response

© Broader literature on how firms impact the environment

- Highlighted importance of nature of ownership (Dimson et al., 2015, 2021; Krueger et al., 2020;
Naaraayanan et al., 2027; Azar et al,, 2027; Atta-Darkua et al., 2023; Berg et al,, 2023; Ilhan et al., 2023, ...),
disclosures (Jouvenot and Krueger, 2019; Bonetti et al., 2023; Tomar, 2023, ...), financial institutions
(Kacperczyk and Peydro, 2022; De Haas, 2023; De Haas and Popov, 2023; Ivanov et al., 2023, ...), and
self-commitment (Dahlmann et al., 2019; Comello et al., 20271; Freiberg et al., 2021; Duchin et al.,, 2022;
Bolton and Kacperczyk, 2023, ...), trade (Barrows and Ollivier 2021)



INSTITUTIONAL BACKGROUND



Comprehensive Environmental Pollution Index (CEPI)

Methodology and Assessment
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Comprehensive Environmental Pollution Index (CEPI)

Methodology and Assessment




Comprehensive Environmental Pollution Index (CEPI)

Methodology and Assessment

Ambient Air Monitoring Station.
Sujana Metals Unit-IV

Ground Water Sample Point. Bollaram Village  Ground Water Sample Point. Krishnareddypet



Comprehensive Environmental Pollution Index (CEPI)

COMPREHENSIVE

ASSESSMENT OF




Comprehensive Environmental Pollution Index (CEPI)
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1 Agra (Uttar Pradesh) 600 250 15.00 300 300 1400 5.00 300 500 2000 1000 59.00
2 Ahmedabad (Gujarat) 600 500 3000 775 300 300 1375 3.0 300 000 9.00 10.00 62.75
3 Aligarh (Uttar Pradesh) 600 250 1500 8.00 3.00 300 14.00 3.00 300 500 1400 1000 53.00
4 Angul Talcher (Orissa) 200 500 1000 3.00 300 300 900 500 500 500 3000 1500 64.00
5 Ankleshwar (Gujarat) 500 500 2500 800 600 600 2000 300 400 500 1700 1000 72.00



Comprehensive Environmental Pollution Index (CEPI)

Table 7 CEPIs of various Industrial areas/ clusters for Land (Soil & Groundwater)
m Industrial Cluster/Area

w a2 et e les l8 Jor Jo2 Jes Jc o [umwncepr |
1 Agra (Uttar Pradesh) 550 250 1375 7.00

000 000 700 500 475 500 2875 1000 59.50
2 Ahmedabad (Gujarat) 300 500 1500 800 300 300 1400 300 300 500 1400 1500 58.00
3 Aligarh (Uttar Pradesh)

200 250 500 800 3.00 300 1400 3.00 300 500 1400 1500 4800



Comprehensive Environmental Pollution Index (CEPI)

mmmmmmammmmum
1 Agra (Uttar Pradesh) 550 250 1375 0.00 300 1000 500 500
2 Ahmedabad (Gujarat) 300 500 1500 8.00 3.0
200 250 500 8.00

500 3000 1000 63.75
300 1400 300 300 500 1400 1500 58.00
300 300 1400 300 300 500 1400 1500 48.00

3 Aligarh (Uttar Pradesh)



Comprehensive Environmental Pollution Index (CEPI)

Table 8 The CEPI scores for industrial areas/ clusters descending order
m Industrial Cluster/Area m WATER LAND m-

1. Ankleshwar (Gujarat) 72.00 72.75 75.75 88.50 Ac_Wc_Lc
2. Vapi (Gujarat) 74.00 74.50 72.00 88.09 Ac Wc_Lc
al Ghaziabad (Uttar Pradesh) 68.50 75.25 71.50 87.37 Ac We_Le
4 Chandrapur (Maharashtra) 70.75 67.50 66.50 83.88 Ac Wc Lc



Comprehensive Environmental Pollution Index (CEPI)

Compliance

= Clusters with CEPI = 60 subject to central monitoring at the national level, rather than the
relatively weak local control, and quarterly emissions audits.

= If CEPI = 70 additionally mandated to submit a remedial action plan for approval
detailing the actions and timelines at the cluster and firm levels.

= Failure to comply with the directives of the action plan:

- Lose their Environmental Clearance and Consent to Operate permits that
allow firms to function within the formal economy.

- Consent to Establish permits could not be issued to new operations.



DATA & EMPIRICAL STRATEGY



Datasets

2009 policy documents from the CPCB

Location of industrial clusters in 2009
= Cluster-level air emissions from satellite readings
. Emission Database for Global Atmospheric Research (EDGAR) CiEIEED
- Van Donkelaar PM,.5
= Prowess and CapEx databases from Centre for Monitoring the Indian Economy (CMIE)

- Financial statements
- Product-level inputs and outputs
- Plant announcements

Business formation from Ministry of Corporate Affairs (MCA)

2007 Population Census

Descriptive Statistics Balance Tables



Empirical Speci cation

Cluster, rm, and product level speci cations

Yiiesst = 1Post CEPIF®7 + ,post CEPI[01%+

+ 3CEPIc+ 4Posti+ i+ jst + kst

k,,j,c,s, andt represent a product, rm, industry, city, state, and year, respectively.

CEPI £60 79 is oneif the rm's industrial cluster has a max CEPI score 60 and below 70, and zero otherwise.
CEPI £7°?1°°] is one if the rm's industrial cluster has a max CEPI score 70, and zero otherwise.

P ost; is one after the regulation was implemented in 2009, and zero otherwise.

Fixed effects: Firm ( ;) and State industry  Year ( jst )

Cluster standard errors at the cluster-level

Estimate within a bandwidth of 10 CEPI ranking

1: difference in discontinuity effect of crossing the treatment threshold at CEPI = 60



Identi cation Assumptions
DiD+ RD= DIRD

1. No manipulation of the running variable
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Identi cation Assumptions
DiD+ RD= DIRD

1. No manipulation of the running variable

2. No geographic clustering
3. No jumps in rm and product characteristics around the threshold

4. Parallel trends G
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Treated rms green production, invest in abatement

Highest polluting rms drive results

Firm and regulator actions lower cost, but loss of aggregate dynamism



Results

Improved pollution metrics at the cluster and product levels

I Hand-collect evaluations conducted by the CPCB
I Satellite emissions readings
I Product energy inputs and imputed CO, emissions

Treated rms green production, invest in abatement

Highest polluting rms drive results

Firm and regulator actions lower cost, but loss of aggregate dynamism



Comprehensive Environmental Pollution Index (CEPI)



Comprehensive Environmental Pollution Index (CEPI)



Cluster-Level Satellite Readings: Industrial Emissions, All Pollutants

Units: mg per month



Cluster-Level Satellite Readings: Particulate Mattek 2.5

Units: mg per month

Van Donkelaar PN - 5



Results

Improved pollution metrics at the cluster and product levels

I Hand-collect subsequent evaluations conducted by the CPCB
I Satellite emissions readings
I Product energy inputs and imputed CO, emissions

Treated rms green production, invest in abatement

I Shift from high-emission and coal-dependent products
I Electrify production

I Abatement investments concentrated where required

I Highly-polluting bear costs, drive changes

Highest polluting rms drive results

Firm and regulator actions lower cost, but loss of aggregate dynamism



Product Energy Inputs

Firms reduce energy and coal use while electrifying production

Dependent variable Ln(Value Energy 1coal Use Proportion Purchased
Input) Electricity
Post CEPIf%79) ( ) -1.006*** -0.289* 0.196%**
(0.219) (0.150) (0.059)
Post CEP[70:100] ( ) -0.818* -0.301% 0.100%*
(0.294) (0.092) (0.036)
Ln(Production Quantity) -0.208 0.033 -0.034
(0.300) (0.027) (0.036)
2008 Dependent Variable Mean (Control) 8.906 M INR 0.17 0.46
R2 0.795 0.496 0.786
Observations 901 565 901
p-value [ 1 2=0] 0.549 0.905 0.124
ATE -0.773 -0.308 0.151
[5.465] [3.350] [3.159]
Notes. All models include Firm and State industry  year FE.

Firm-level



Product-Level Emissions

Product emissions fall, consistent with cluster level evidence

Dependent variable: Ln(Product CQ Ln(Per Unit CQ
Emissions) Emissions)
Post CEPIF%79) ( 4) -1.083* -0.885**
(0.283) (0.306)
Post CEP[70:100] ( ;) -0.944%* -0.687**
(0.346) (0.270)
Ln(Production Quantity) 0.801**
(0.334)
2008 Dependent Variable Mean (Control) 162,229.58 2.79
R? 0.893 0.774
Observations 901 901
p-value [ 1 2=0] 0.691 0.579
ATE -1.414 -0.755
[5.460] [3.709]
Notes. All models include Firm and State industry  year FE.



Product Portfolio Weights

Relative shift away from dirtiest products

Dependent variable: Product with Highest Product with Highest
Coal Weighbgog Emissions Weightygog

Post CEPI6%:70 () -0.309% -0.318*
(0.123) (0.118)

Post CEPI70:100 ( ) -0.139 -0.184+
(0.114) (0.101)

2008 Dependent Variable Mean (Control) 0.78 0.65

R? 0.775 0.758

Observations 705 705

p-value [ 1 2=0] 0.123 0.215

ATE -0.181 -0.218
[1.438] [1.981]

Notes. All models include Firm and State industry  year FE.



Abatement Expenditures from Financial Statements

Abatement expenditures increase on extensive and intensive margins

Dependent variable: 1 Apatement Abatement/Assets
Post CEPI®70 ( ) 0.048 0.039*
(0.031) (0.020)
Post CEP[70:100] ( ;) 0.077* 0.038**
(0.029) (0.016)
2008 Dependent Variable Mean (Control) 0.06 0.01
R? 0.725 0.753
Observations 10,752 10,752
p-value [ 1 2=0] 0.029 0.933
ATE 0.072 0.038
[2.419] [2.385]

Notes. All models include Firm and State  industry

year FE.



Results

Improved pollution metrics at the cluster and product levels
I Hand-collect subsequent evaluations conducted by the CPCB
I Satellite emissions readings
I Product energy inputs and imputed CO, emissions

Treated rms green production, invest in abatement
I Shift from high-emission and coal-dependent products
I Electrify production
I Abatement investments concentrated where required
I Highly-polluting bear costs, drive changes

Highest polluting rms drive results

I Average rm maintains pro tability
I Production changes driven by high-polluting, which bear costs
' Not high-polluting increase margins

Firm and regulator actions lower cost, but loss of aggregate dynamism



Changes to Firm Emissions: Portfolio Shifts



Changes to Firm Pro tability: Portfolio Shifts
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