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Motivation Data Approach Main Results

Hourly substation-level net
load levels for 2,000+

substations from 1 Jan 2005
to 31 Dec 2018.

Substation-level installed capacity for each
technology in each year.
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Motivation Data Approach Main Results

Quantile impact functions

General idea:

0 1

Change in the load duration curve

1
0

Quantile impact function

Econometrics:

Qq,s,y =
∑

t βq,tKt,s,y + δq,s + δq,y + εq,s,y

⇒ The tuple (β̂0.01,t , β̂0.1,t , β̂0.25,t , β̂0,5,t , β̂0.75,t , β̂0.9,t , β̂0.99,t)
corresponds to the quantile impact function for technology t.
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Hourly ramps are
changes in hourly
net load from one
hour to the next.

If anything, larger
ramps are likely to
increase distribution
network costs.
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Motivation Data Approach Main Results

Policy discussion

­ Is battery storage the silver bullet?

⇒ Under optimistic assumptions (perfect foresight, lossless and wear-free
operations), adding battery storage induces noticeable impacts only at
installation rates 5 to 10 times higher than currently observed rates in
California.

Policy take-away: at least for the case of France, benefits from
deferring future grid expansions cannot rationalize a substantially higher
policy support for distributed wind and solar generation over utility-scale
generation.
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Property insurance markets are central to climate change adaptation

I Natural disasters are getting worse. Recent large losses have disrupted private
markets for property insurance.

I In the simplest economic models of insurance, increasing risks would be met with
commensurate premium increases.

I Real markets are more complicated. One reason is regulatory interventions intended
to balance affordability, availability, and solvency. Escalating disaster losses are
exacerbating tensions between these different goals.

I Understanding these markets is vital since well-functioning property insurance
markets are critical to minimizing the welfare costs of climate change.



California insurers have seen large wildfire losses
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Research Questions

1. How are private insurers in California responding to escalating wildfire risk?

2. Do regulations constrain firms’ ability to adapt to escalating wildfire risk?
I Do regulations constrain firms’ ability to set prices equal to expected costs?

3. What are the implications for the distribution of wildfire costs and for efficiency?



Data

I California Department of Insurance (CDI) market data

I Insurer rate filings

I Proprietary structure-level modeled risk
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Industry response: Increased prices in high-hazard areas
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Industry response: Reduced availability in high-hazard areas
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Industry response: Innovation in risk modeling & selection

0.25

0.50

0.75

1.00

1.25

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

P
ol

ic
ie

s 
/ p

ol
ic

ie
s 

in
 2

00
9

Quintile of Zip Code−Level Wildfire Hazard 1 2 3 4 5

(a) State Farm

0.25

0.50

0.75

1.00

1.25

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

P
ol

ic
ie

s 
/ p

ol
ic

ie
s 

in
 2

00
9

Quintile of Zip Code−Level Wildfire Hazard 1 2 3 4 5

(b) AllState



Research Questions

1. How are private insurers in California responding to escalating wildfire risk?

2. Do regulations constrain firms’ ability to adapt to escalating wildfire risk?
I Do regulations constrain firms’ ability to set prices equal to expected costs?

3. What are the implications for the distribution of wildfire costs and for efficiency?



Insurance prices in California are subject to regulatory approval

1. Premium increases in excess of 6.9% trigger costly administrative hearings.

2. Firms must justify loss projections using historical loss experience.
I No CAT models.

image license

https://commons.wikimedia.org/wiki/File:A_beautiful_cat.2.jpg


There is clear bunching below the 7% threshold for rate increases



We investigate the relationship between premiums and expected losses

I Necessary condition for actuarially fair pricing: a $1 increase in expected wildfire
losses implies a $1 increase in regulated premiums.

I We test for this using within-zip code variation in prices and modeled wildfire losses.

(a) Annual Premium for 1 Large Insurer (b) USFS Wildfire Risk (Public Data)



The next step is to explain departures from actuarially fair pricing and
understand market implications

I Binding price regulation
I Imperfect competition
I Other explanations

I Implications for distribution and efficiency



Free Trade and the Formation of Environmental Policy:
Evidence from US Legislative Votes

Jevan Cherniwchan† Nouri Najjar‡

†Department of Economics
Carleton University

‡Ivey Business School
Western University

NBER SI, July 2022

1 / 7



The Big Picture:

I Research Question: Do governments alter environmental policy in response to trade
liberalization?

I Question is central to the debate over the environmental consequences of
globalization.
I Key channel in theoretical literature.

I Grossman and Krueger (1991); Copeland and Taylor (1994, 1995); Antweiler et al (2001)), etc.
I Policy response often invoked in popular debates over “industrial flight.”

I Currently little empirical evidence of whether individual governments alter policy in
response to trade.

2 / 7



This Paper:

I Estimates effect of the NAFTA tariff reductions on support for federal environmental
legislation in the US House of Representatives.
I Examine support for policy at legislator level using data on roll-call votes on

environmental bills from 1990-2000.

I Empirical approach:
I Difference-in-difference research design.
I Two sources of variation:

1. Temporal variation in tariffs: Pre- vs. post-NAFTA.
2. Cross-sectional variation: Differences in exposure to tariff reductions across congressional

districts due to differences in pre-agreement industrial composition.
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House Roll Call Votes Over Time:
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Notes: Figure shows share of all roll call votes on environmental bills in each year that are deemed pro-environment in the
House of Representatives. Whiskers show 95% confidence intervals.

4 / 7



Main Finding:

I A 1 pp↘ in a district’s average US import tariff reduced the likelihood its
representative casts a pro-environment vote by 14 pp.
I Reductions in Mexican tariffs had no effect.

I Result is highly robust and economically significant.
I Estimates =⇒ ∼36% of failed env. bills would have passed the House w/out NAFTA.

5 / 7



Mechanisms:

I Three competing explanations:
1. Legislator concerns over potential post-NAFTA industrial flight.
2. Trade-induced changes in demand environmental policy by voters.
3. Trade-induced changes in partisan representation due to voter preferences for

protectionism.

I We find:
I No evidence to support the “industrial flight” hypothesis.
I Effect of US tariff↘ appears to be due to (and in ≈ magnitudes):

(i) ∆ Policy Demand: incumbent Republican legislators↘ in support in response to
trade-induced changes in constituent policy preferences.

(ii) ∆ Partisan Representation: Voters electing Republicans to replace pro-NAFTA Democrats.

6 / 7



Summary:

I Do governments alter environmental policy in response to trade liberalization?
I Evidence says yes, at least in case of NAFTA.

I Why?
1. Trade-induced changes in the demand for environmental policy.
2. Trade-induced changes in partisan representation.
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Motivation: How prevalent is ESG Investing?

• As of  2020, sustainable investing represents more than 33 percent of  the $51.4 trillion 
in U.S. assets under management. Compared to 2017, sustainable and impact investing 
has increased by more than 42% (USSIF 2020). 

• A large contributor to this growth has been the 2015 guidance issued by the 
Department of  Labor which allowed fiduciaries to incorporate environmental, social, 
and governance (ESG) factors into their investment decision. 

• The implementation of  ESG is often done by either avoiding certain categories 
categorically (such as Tobacco (27%), Weapons (16%), Fossil Fuel (11%), Gambling 
(11%)), or embracing certain industries (such as Local Economic Benefit (22%), Clean 
Tech (14%), Environment (11%), etc.). 



Motivation: Arguments for/against ESG Investing
• Preferences: Investors willing to sacrifice an amount of  risk-adjusted return in order to allow the 

fund to achieve returns with aligned ESG focus; or alternatively, pay more for a fund that 
promises the same ex-ante risk-return dynamics while delivering aligned ESG investment. 

• Beliefs: A micro-founded, belief-based view of  ESG investing could exist irrespective of  the 
investor’s actual preferences for ESG.  

– Customers: If  consumers value products that are ESG compliant, they might be willing to 
pay a premium for these, or firms might collect a monopolistic rent on production if  it were 
a salient product differentiation attribute. 

– Employees: If  talented workers preferred companies following ESG principles, it could also 
be a mechanism to attract higher quality factors of  production (such as human capital), or
pay less for these factors.  In these ways, good ESG behavior might be a source of  
comparative advantage that – if  the market didn’t fully impound – could result in favorable 
future return dynamics.

vs.

• Constrained portfolio maximization run by ESG-constrained fund managers is dominated by the 
unconstrained maximization run by other managers, resulting in likely underperformance in the 
risk-return space.



Motivation: Evidence on the Effect of  ESG Investing
• Realized performance: The academic evidence on the realized performance of  ESG-

focused funds is decidedly mixed.. 

– Eccles, Ioannous, and Serefaim (2014), Krüger (2015), Dimson and Karakas, and 

Li (2015), Khan, Serafaim, and Yoon (2016), Ferrell, Liang and Renneboog (2016), 
etc. 

• Effect on firm behavior: There is limited systematic evidence that firms receiving 
disproportional amounts of  capital from ESG funds have outperformed in any 

measurable way.

• Given this, our understanding of  whether ESG investment flows impact innovation 

which can help us solve environmental problems is incomplete.



What do we do in this paper

• We investigate who produces green patents, or 
innovation that helps address climate change and other 
environmental challenges, and who are the most 
influential of  these green patent producers.

• Whether the capital of  investors who desire to allocate 
capital toward ESG objectives actually do end up 
investing in these producers. 



Findings
1. A large fraction of this recent green patenting is not driven by highly rated

ESG firms, firms that are commonly favored by ESG funds, but instead by
firms that are explicitly excluded from ESG funds investment universe.

2. The energy sector has a large and growing percentage of their entirety of
patenting activity dedicated to green research.

3. Energy firms allocate significantly more of their innovation efforts toward
green innovation than other firms active in the green patenting space.
- Significantly more than highly rated ESG firms.
- Significantly more than other sectors that are in aggregate large green patent

producers.

Ø Nearly three times the relative focus on green innovation in their innovation
portfolio as the average industry, at 22.25% of patenting.



Findings
4. The green patents of energy producing firms are significantly higher quality:

- In terms of being more highly cited.
- More likely to produce “blockbuster” green patents than other firms.

5. Moreover, we do not find evidence that energy companies are restricting others from
innovating in specific product areas (no evidence of patent thickets).
– Traditional energy firms’ green patents are predominantly cited by firms outside of

the energy industry (74% of citations) – comparatively more outside influence
than other green patentors (71%).

6. Moreover, in investigating whether energy firms simply purchase or acquire these
innovative patents from outside firms and innovators, we find that the vast majority
(over 97%) of their green patents are initiated and developed in-house (organically).
– Further, traditional energy firms even appear over-represented amongst the top

net green patenting firms in the economy.

7. On the intensive margin, energy firms even get less “credit” in terms of incremental
ESG score increase for each (higher quality) green patent they produce.



Findings
8. These energy firms are explicitly excluded from many ESG funds, and the

targets of many divestiture campaigns whose stated aims often include push
forward green energy innovation.

9. We find initial evidence that energy firms seem to be making substantial
follow-on investments support their innovation:
• Energy firms were some of the earliest and foundational innovators in

the green energy space.
• Energy firms are significant global producers of alternative energy

(electricity wattage) tied to their blockbuster patents and are central
investors in some of the largest renewable projects worldwide
(demonstrated by Shell’s involvement in NoordzeeWind, the first wind
farm with capacity to generate over 100MW, built in the Dutch North
Sea).



What are Green Patents?



Number of  Green Patents over Years



Takeaways
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Economic Consequences of Policy Uncertainty

Uncertainty over government policy affects important and irreversible decisions such
as technology adoption, entry, and exit.

The process of forming and implementing policies often creates uncertainty.

- In the U.S., new policies occur through legislation and/or regulations.

Legislation is infrequent and often empowers agencies to make specific regulations.

- However, developing regulations takes time, and regulations are subject to court
challenges and executive branch changes.

This system may lead to more responsive policies.

- But uncertainty can both increase costs and delay policy objectives.



Goals of the Paper

This paper focuses on the cost of uncertainty in environmental policy:

1 Estimate beliefs about the likelihood of Mercury and Air Toxics Standard (MATS)
enforcement.

- MATS regulated emissions from electricity generation.
- Model generators’ exit and abatement technology adoption decisions.

2 Simulate how policy uncertainty affects counterfactual outcomes in the industry.

- Evaluate how policy uncertainty affects pollution, exit, and compliance costs.

We estimate a dynamic equilibrium model, that models technology adoption and exit:

- Allows us to estimate policy uncertainty from observed behavior.

- Equilibrium counterfactuals then allow us to quantify the impacts of uncertainty.



Mercury and Air Toxics Standard (MATS)

The EPA released the final MATS rule in 2012 with enforcement in 2016.

- MATS was challenged up to the Supreme Court, but ultimately enforced.

While the federal government was formulating air toxics policy, some U.S. states
mandated air toxics reductions for generators within their borders.

- These policies were largely certain once announced.

Can use these generators to identify extent of policy uncertainty in MATS.



Visual Identification of Perceived Enforcement Probabilities
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Overview of Modeling

Every year, generators subject to MATS:
1 Form beliefs about the 2016 enforcement probability.
2 Simultaneously decide whether to adopt abatement technology, exit, or continue.
3 Earn operating profits by supplying electricity to hourly markets within the year.

We estimate a dynamic oligopoly model of coal generator actions from 2006-17.

- Focus on coal independent power producers (IPPs), who face market incentives.

We develop new, simple estimators of ramping costs to calculate operating profits.

- Discrete choice of generation, with appropriate controls for dynamic incentives.



Adoption Cost, Exit Value, and Belief Estimation Results

Base
Specification

Predicted Enforcement Probabilities:
Probability 2012 1.000∗∗∗ (0.061)
Probability 2013 0.699∗∗∗ (0.120)
Probability 2014 0.433∗∗∗ (0.109)
Probability 2015 0.999∗∗∗ (0.107)

Generator Costs:
Adoption Cost (million $) 150.9∗∗ (75.1)
Extra MATS Adoption Cost (million $) 398.7∗∗∗ (72.1)
Exit Scrap Value (million $) −196.4∗∗∗ (37.4)
1/σ (million $) 63.6∗∗∗ (5.7)

Note: Structural parameter estimates from nested-fixed point estima-
tion. Parametric bootstrap standard errors in parentheses.



Counterfactual Results

Prob = 0.7827 Enforced with
All Years Prob = 0.7827

Adoption Costs (Bill. $) 7.30 6.53
Exit Costs (Bill. $) 19.24 18.74
Total Profits (Bill. $) 46.74 48.66
Pollution (Mill. lbs. SO2) 867.52 946.50

Number of Generators:
2012 191.0 191.0
2013 176.5 175.9
2014 163.1 161.9
2015 150.7 148.8
2016 131.0 130.1

Count Adopting 13.7 12.85

Eliminating uncertainty saves $930 mil., but increases pollution $809 – $2,206 mil.

It allows generators to operate when gas prices, profits, and pollution are highest!



Conclusion

We estimate the extent and impact of policy uncertainty for MATS.

The difference between certain state policies and MATS identifies the perceived
probability of enforcement.
We develop a new approach to estimating ramping costs, that is easy to
implement.

Main findings:
1 Substantial uncertainty surrounding MATS enforcement in 2013 and 2014.
2 Eliminating uncertainty increases generator expected profits by $930 million.
3 It increases pollution by allowing generators to better time market uncertainty.
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A bit about my past life

Before I was a researcher, I was a researcher (of a different type)
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Innovation, lobbying and directed technical change

Firms face an uncertain future over regulation of their product.

In response, affected firms might innovate

Or, they might lobby

Lobbying affects:

A firm’s own payoffs to innovation

Other firms’ innovation payoffs

Effect signs: Whether lobbying and innovation are complements or
substitutes in firm strategies
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Research questions

1 What do firms do when faced with an uncertain regulatory future?

2 Specifically: What is the causal effect of the discovery of a new
externality on the innovation and lobbying expenditures of affected
firms?

3 And: Does the option to lobby induce substitution away from
innovation, or into it?

A. Hultgren (UIUC) NBER SI



Key contributions

Recognizes the strategic tradeoffs in innovation vs. lobbying
responses of firms to a regulatory threat

Novel identification strategy – random timing and content of
scientific discoveries – identifies firms’ strategic responses while
avoiding bias from anticipation effects

Scrape and review over 7,000 scientific publications to construct a
new dataset of over 100 first-time scientific discoveries affecting a
range of sectors of the economy over multiple decades

A. Hultgren (UIUC) NBER SI
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Empirical models and identification

The ideal experiment: firms are randomly shocked with the uncertain
probability of regulation and allowed to respond over time

A natural experiment: first-time scientific discoveries of
previously-unknown chemical harms

Different discoveries linked to different industry sectors at different
times

A. Hultgren (UIUC) NBER SI
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Building a dataset of discoveries

Over 7,000 publications scraped and reviewed.

Result:

108 discoveries of previously-unknown chemical harms

Affecting 60 industries

Over 44 distinct years

A. Hultgren (UIUC) NBER SI



Innovation response
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Lobbying response
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Innovation response: lobbying interaction
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Conclusion

I construct a new dataset of initial scientific discoveries of low-dose
harms, via scraping and reviewing over 7,000 scientific publications.

Employing a novel identification strategy, I estimate total
innovation spending increases by ∼ 2% of firm value over a 4-year
period, and lobbying by ∼ 20% over a 1–1.5-year period.

I find evidence consistent with the option to lobby inducing
substitution away from innovation, with an estimated economic loss
of ∼$174 billion for treated firms in-sample.

A. Hultgren (UIUC) NBER SI
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2Development and Biodiversity Loss

► Biodiversity provides ecosystem services
► But, it is rapidly declining

► Anthropogenic pressures (esp. land use change)

► This Paper:
1. Measure development-biodiversity tradeoff in India (2015-20)

2. Identify institutions/policies that mitigate tradeoff

► Challenge: Very hard to measure biodiversity

5%

11%

27%

14%

43% Drivers of Biodiversity 
Loss in Asia

(WWF)

Climate Change Pollution
Overexploitation Invasive Species
Land Use Change



3Research Design

► Q: How does infrastructure à biodiversity?
► 1 million geotagged birdwatching diaries (eBird app)

► 8000 permits for infrastructure encroachments

► User x District x Month Panel (2015-2020)

► Outcome: # of species on each notebook
► Regress on cumulative km2 of forest occupied by infrastructure

► Variation: Within-user travel across districts
► User fixed effects (ability)

► Control for location + seasonality + learning
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5Development Triggers Species Loss

Result: 10 km2 encroachment à
loss of 1 species (4% of mean)

Result: Resettlement, transport, irrigation, 

mining are responsible



6Institutions matter for conservation

► Q: Which policies minimize species loss?

► Data: Banerjee and Iyer (2005), N=163 districts

► =0 if institutions favor economically advantaged

► =1 if institutions are “inclusive” 

► Result: Less species loss in “inclusive” districts



7Policy Mechanisms
► Why are projects more sustainable in inclusive districts?

► Data: Informed consent, cost-benefit analysis, proximity to protected area

► Regress permit data on institution (=1) + state-time FEs  

► Controls: Tribal share, forest cover, district area, project size



8Summary

► Biodiversity is declining  

► My coefficients: 20% of India’s species loss from infrastructure

► “Inclusive” policies neutralize development-biodiversity tradeoff
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This Analysis: Disutility from labor in the heat

! These welfare impacts are not currently modeled in any

IAM

World Cup stadium construction

Doha, Qatar

Avg summer temp: 97
�
F (36

�
C)

Sugarcane farming

Karnataka, India

Avg summer temp: 93
�
F (34

�
C)



A global empirical SCC for labor disutility in the heat

! These welfare impacts are not currently modeled in any IAM

Contribution of this paper

We provide the first estimate of the global impact of climate change on
labor disutility.

We infer disutility using temperature-induced changes in labor supply,
estimated with worker-level data representing ⇠1/3 of world’s population.

We compute the global labor disutility cost from an extra ton of CO2

emissions – a “partial” social cost of carbon (SCC) for labor disutility.
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Equilibrium labor supply (temperature T0)
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E.g. Hsiang (2010), Dell et al. (2012), Burke et al. (2015) capture total

productivity e↵ects.
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Labor supply in the heat (T0 ! Thot)
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Labor supply in the heat (T0 ! Thot)
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Welfare: prior work analyzes productivity e↵ect
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Welfare: this study is first to estimate disutility

LABOR

W
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L*(Thot)

w*(Thot)

L*(T0)

w*(T0)
Labor Demand T0

Labor Supply T0

Labor Supply Thot

Labor Demand Thot

Compensating Variation:
@Disutility

@Temperature = L@w = w@L
✏ where ✏ denotes Frisch

elasticity of labor supply. We follow Chetty et al. (2011) and use ✏ = 0.5.
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Change in weekly minutes worked per person due to

daily temperature

Estimated with worker data representing ⇠1/3
rd

of global population

Changes in weekly minutes worked per 
person due to daily temperature
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� Labor supply due to warming: 2100

25,000 regions

High Risk Workers Low Risk Workers

Units are mins./worker/day.

Scenario: RCP 8.5 (high emissions)
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Monetized � global disutility of working in the heat

Increased disutility equal to 1.8% of global GDP in 2100 (RCP 8.5)
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Elasticity of labor supply = 0.5 (Chetty et al., 2011).
Labor share of income = 0.6 (Karabarbounis and Neiman, 2014).



Large benefits of mitigation

Increased disutility equal to 0.5% of global GDP in 2100 (RCP 4.5)
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Partial SCC for labor disutility (2019 USD)

Discount rate: � = 2% � = 2.5% � = 3%

RCP 8.5 $17.0 $10.9 $7.4
[-$1.4,$137.8] [-$1.7,$86.4] [-$1.9,$57.5]

RCP 4.5 $10.8 $7.2 $5.1
[-$3.9,$109.4] [-$3.8,$67.8] [-$3.7,$45.2]

[Brackets] indicate 1-99% uncertainty ranges.

Current US federal government’s total SCC: $51 (RCP 8.5, � = 3%.)

Current partial SCC for labor: $0.
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Thank you!

Ashwin Rode

aarode@uchicago.edu

University of Chicago

Climate Impact Lab
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