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▶ Studies on Nuclear Energy
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Intro Ex1: KCA (2022) JEEM Ex2: NUV (2021) JHE Ex3: Davis & Wolfram (2012)

Studies and Topics for Nuclear Energy
Topics and challenge in studying nuclear energy

Topics
▶ Effect on the electricity price
▶ Supply side: Effect on energy production portfolio?
▶ Demand side:

▶ Effect on consumer energy consumption?
▶ Effect residential energy generation?

▶ Effect on social welfare
▶ Local health effect via emission (e.g., SO2, CO2, PM)
▶ Climate effect via greenhouse gas emissions (e.g., CO2)

▶ Local labor market effect + regional growth from infrastructure development
▶ Political economy aspect

Challenges:
▶ Unlike coal, natural gas, & renewable: Nuclear energy doesn’t have much temporal

variation for decades
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Intro Ex1: KCA (2022) JEEM Ex2: NUV (2021) JHE Ex3: Davis & Wolfram (2012)

Challenges in empirically studying nuclear energy
1. Lack of temporal variation in the US since mid 1990s: capacity investment

Source: US EIA

3 / 40



Intro Ex1: KCA (2022) JEEM Ex2: NUV (2021) JHE Ex3: Davis & Wolfram (2012)

Challenges in empirically studying nuclear energy
2. Lack of temporal variation in the US since mid 1990s: generation (kwh)

Source: US EIA
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Intro Ex1: KCA (2022) JEEM Ex2: NUV (2021) JHE Ex3: Davis & Wolfram (2012)

Challenges in empirically studying nuclear energy
3. Lack of temporal variation in the world since mid 1990s, except for the
Fukushima shock in Japan + some shutdowns in West/Central Europe

Source: World Nuclear Association (WNA)
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Challenges in empirically studying the local effect
4. Majority of locations are in control groups

Source: Altindag et al. (2025) JPAM
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Challenges in empirically studying nuclear energy
5. Opportunities to study nuclear (sometimes an unfortunate one)
5.1 Japan shifted energy mix since Fukushima

Source: IEA
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Challenges in empirically studying nuclear energy
5. Opportunities to study nuclear (sometimes an unfortunate one)
5.2 German shut down their reactors

Source: EIA

8 / 40



Intro Ex1: KCA (2022) JEEM Ex2: NUV (2021) JHE Ex3: Davis & Wolfram (2012)

Challenges in empirically studying nuclear energy
5. Opportunities to study nuclear (sometimes an unfortunate one)
5.2 German shut down their reactors & changed energy mix (pipelines on the news)

Source: EIA
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Intro Ex1: KCA (2022) JEEM Ex2: NUV (2021) JHE Ex3: Davis & Wolfram (2012)

Challenges in empirically studying nuclear energy
5. Opportunities to study nuclear (sometimes an unfortunate one)
5.3 Historical cancellation of approved projects since TMI

Source: SAGE and NRC
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Intro Ex1: KCA (2022) JEEM Ex2: NUV (2021) JHE Ex3: Davis & Wolfram (2012)

Challenges in empirically studying nuclear energy
5. Opportunities to study nuclear
5.4 Deregulation in 1990s since Energy Policy Act of 1992
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Feature of Nuclear Energy:
1. In terms of MC

▶ Low MC to run
→ implication on electricity price from nuclear shutdown (a merit-order effect)
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Feature of Nuclear Energy:
2. In terms of emissions

▶ Low pollution emissions (SO2, NOx , PM, etc) compared to fossil fuel sources
→ potential health implications

▶ Low greenhouse gas emissions (CO2, etc) compared to fossil fuel sources
→ potential climate implications

13 / 40



Intro Ex1: KCA (2022) JEEM Ex2: NUV (2021) JHE Ex3: Davis & Wolfram (2012)

Feature of Nuclear Energy:
2. In terms of emissions: Health impact

▶ Lower pollution emissions (SO2, NOx , PM, etc) → potential health implications
▶ Lower greenhouse gas emissions (CO2, etc) → potential climate implications
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Outline

▶ Topics and Studies on Nuclear Energy ✓

▶ Example 1: Kiso, Chan, & Arino (2022) JEEM

▶ Example 2: Neidell, Uchida, & Veronesi (2021) JHE

▶ Example 3: Davis & Wolfram (2012) AEJ:AE
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Kiso, Chan, & Arino (2022) JEEM
"Contrasting effect of electricity price on retrofit and new-built installation of solar
PV: Fukushima as a natural experiment"

Research Question:

▶ How does a higher electricity price driven by nuclear reactor shutdowns affect residential
solar PV adoption?

▶ How does the above effect differ between (i) new buildings vs (ii) existing buildings?

Data

▶ Prefecture-by-quarter level data from Japan over 2009 Q1 - 2014 Q1
(Unfortunately, Japan PV Energy Associate no longer collects this data)
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Temporal Variation after March 2011
Energy production

Figure by IEA Kiso et al. (2022) Fig 3
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Temporal Variation after March 2011
Electricity price driven by energy production variation

▶ There was a brief electricity rationing Mar-Sept 2011, attenuating the price shock
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Cross-sectional Variation

Treatment intensity depends on:
the existing portfolio of energy
mix

▶ Share of direct hit: nuclear
▶ Share of high-MC: oil + gas
▶ Share of low(er)-MC: LNG
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Intro Ex1: KCA (2022) JEEM Ex2: NUV (2021) JHE Ex3: Davis & Wolfram (2012)

Empirical Strategy

For prefecture i in quarter t, estimate Eq(1) separately for new-buildings and existing ones:

ln yit = βpi,t−1 + γXit + ηt + µi + εit (1)

▶ y : New solar PV installation
▶ p: lagged electricity price (average or marginal)
▶ X: solar PV subsidies, lagged cumulative PV installation, lagged detached homes w/o solar

PV, waste collection rate & volume, housing starts, population, wage, worker age, etc.
▶ FEs: Prefecture FE and quarter FE
▶ Philosophically, this is like a (cross-product) demand estimation

▶ Similar to all demand estimation, there is an endogeneity issue related to price
▶ E.g., PV installation and prices are both correlated with unobserved adoption of

energy-efficiency investment for homes and buildings
▶ IVs: Cost shifters

▶ Lagged fuel cost (e.g., coal, LNG)
▶ Lagged energy mix measured by the share of fossil fuels (3 lags)
▶ If authors multiply them: They would be shift-share IVs
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IVs and Variation

Fuel costit Fossil fuel shareit
Mostly temporal variation over t Varying both by i and t

The cross-sectional part is more exogenous
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First-stage Results
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Main Results

23 / 40



Intro Ex1: KCA (2022) JEEM Ex2: NUV (2021) JHE Ex3: Davis & Wolfram (2012)

Student Questions

▶ Marginal price construction
▶ Discussions on possible explanations
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Outline

▶ Topics and Studies on Nuclear Energy ✓

▶ Example 1: Kiso, Chan, & Arino (2022) JEEM ✓

▶ Example 2: Neidell, Uchida, & Veronesi (2021) JHE

▶ Example 3: Davis & Wolfram (2012) AEJ:AE
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Neidell, Uchida, & Veronesi (2021) JHE
"The unintended effect from halting nuclear power production: Evidence from
Fukushima Daiichi accident"

Research Question:

▶ How does a higher electricity price driven by nuclear reactor shutdowns affect energy
consumption?

▶ How does this further affect mortality during cold(er) locations and time?

Data

▶ City-by-month level data from Japan over 2007-2014
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Empirical Strategy
Regression 1: Electricity expenditure for city c and month t

ln EXPct = δ ln Pc,t−k + βXct + εct (1)

▶ P: residential electricity price, with k denote lags
▶ Exp: electricity expenditure (not consumption)
▶ δ − 1: demand elasticity
▶ X: numbers of hours in different temperature bins, other socioeconomic controls, city-by-month FE, year-by-month FE

Regression 2: Correlation between mortality and temperature

ln Mct =
∑

i

αi ln Tcti + θXct + γct + µct , with temperature bins is (2)

▶ M: age-adjusted mortality rate (per 100k people)
▶ T : electricity expenditure (not consumption)

Regression 3: Continuous treatment by incorporating both regressions

ln Mct =
∑

i

λi Tcti · ln Pc,t−k +
∑

i

αi ln Tcti + δ ln Pc,t−k + θXct + γct + νct (3)

▶ Test if λ > 0
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Results

Regression 1: Regression 2:
Elasticity onelectricity expenditure Temperature and mortality correlation
ln Expct = δ ln Pc,t−k + controls + εct ln Mct =

∑
i

αi ln Tcti + controls + µct
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Main Results
Elevated mortality in colder locations and time
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Main Results
Cause of mortality
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Outline

▶ Topics and Studies on Nuclear Energy ✓

▶ Example 1: Kiso, Chan, & Arino (2022) JEEM ✓

▶ Example 2: Neidell, Uchida, & Veronesi (2021) JHE ✓

▶ Example 3: Davis & Wolfram (2012) AEJ:AE
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Daivs & Wolfram (2012) AEJ:AE
"Regulation, consolidation, and efficiency: Evidence from US nuclear power"

Research Question:

▶ How has the electricity market deregulation in the 90s affected US nuclear power plants?

Key info:

▶ Data: 40-year long panel over 1970-2009
▶ Potential gains: efficient nuclear reactors may replace less efficient nuclear reactors +

fossil-fuel higher on the merit-order curve
▶ Potential for greater power generation from nuclear
▶ Potential lower electricity price
▶ Ambiguous if operating nuclear reactors themselves get more efficient if most gains

come from cross-fuel improvement. Also nuclear is already regarded as "baseload"

32 / 40



Intro Ex1: KCA (2022) JEEM Ex2: NUV (2021) JHE Ex3: Davis & Wolfram (2012)

Electricity Market Deregulation History
Deregulation: Timing

▶ 1992 Energy Policy Act: It legalized the creation of a wholesale electricity market and
allowed entities to participate in this market.

▶ Individual states started to deregulate
▶ Peak deregulation time: late 1990s to early 2000s
▶ 1996-1997: CA, OH, PA, RI, NY, IL, OR
▶ 1998-1999: CT, MA, MI, NH, DL, MD, NJ
▶ 2000-later: ME, DC, TX, VA, etc
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Electricity Market Deregulation History
Deregulation: Broke down the vertical integration

▶ Before 90s deregulation:
▶ Power plants (generation), transmission, and utility companies (serving consumers)

are all vertically integrated
▶ Rate-of-return (ROR) style of regulation creates little incentive for cost minimization

▶ Since deregulation:
▶ power plants (supply side) and utility companies (demand side) bid on wholesale

electricity markets
▶ The remaining vertically integrated locations: northwest, southwest, and southeast
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Electricity Market Deregulation History
Deregulation: Recent development in retail consumer choice

▶ In selected states, consumers started to have options for multiple retail electricity choices
▶ Most of them are already in a deregulated market with wholesale electricity trading
▶ GA and OR are examples in a vertically integrated market: They mostly give options for

industrial users (not residential users)
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Key variation + source of potential gains
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Empirical Strategy + Main Results
For reactor i and month t

Yit = β0 + β11[Divested]it + β2Xit + δi + ωt + εit (1)

▶ Y : net generation relative to nameplate capacity
▶ 1[Divested]: if a reactor is sold, or reclassified a non-utilities
▶ X: reactor vintage cubic
▶ Read column 1: 6.3 pp increase in netgen, from 87 to 93 pp, strong intensive margin
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Heterogeneity Results
Higher impact happened when:

Left: Selling to external bidders Right: During scheduled outage seasons
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Mechanism Discussions
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Other evidence of allocative efficiency gains
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