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EE Gap Ex1: BKZ (2013) Ex2: GHvB(2021) Ex3 Ex4 Ex5 Future

Outline

▶ Introduction to Energy Efficiency Gap / Energy Paradox

▶ Example 1: Busse, Knittel, & Zettlemeyer (2013) AER

▶ Example 2: Gillingham, Houde, & van Benthem (2021) AEJ:EP

▶ Example 3: Sallee & Fan (2016) JPubE

▶ Example 4: Myers (2019) AEJ-EP

▶ Example 5: Myers (2020) JPubE

▶ Future directions

1 / 76



EE Gap Ex1: BKZ (2013) Ex2: GHvB(2021) Ex3 Ex4 Ex5 Future

1. What is "Energy Efficiency Gap"?
A comparison between ∆WTP vs ∆realized energy cost savings

Big picture questions: For $1 energy cost savings,
▶ Are consumers willing to pay extra $1?
▶ Are firms willing to invest extra $1?
▶ If they are rational and market is efficient, then marginal ∆WTP should be $1!
▶ Is ∆WTP = $1 (full valuation), < $1 (undervaluation), or > $1 (overvaluation)?
▶ If ∆WTP < $1 (undervaluation)

▶ We can say there is an energy efficiency gap, or an energy paradox
▶ In which industry do we observe it? Vehicles? Large appliance? Etc?
▶ Heterogeneity? Does it differ by different types of consumers or firms?
▶ If there is gap, then what may be plausible reason(s)?

Three main literature surveys:
▶ Allcott & Greenstone (2012) JEP, “Is There an Energy-Efficiency Gap”

▶ Gerarden, Newell, & Stavins (2017) JEP, “Assessing the Energy-Efficiency Gap”

▶ Gillingham & Myers (2025) Handbook of Electricity Regulation, “Economics of Energy Efficiency”
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1. What is "Energy Efficiency Gap"?
An Example: In simple terms

▶ Consider buying product j over k
▶ Suppose j and k has identical attributes expect that j is more energy efficient
▶ Suppose the marginal energy cost savings in present value equal to $1, aka ∆NPV = $1
▶ If consumer is completely rational and if no additional friction, we should expect

∆WTP = 1 all else equal
▶ If we estimate consumer WTP, would we find ∆WTP less than $1, exactly equal to $, or

greater than $1?
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2. Compare ∆WTP and ∆NPV
2.1 Simplest set up similar to Allcott & Greenstone (2012)

Rational consumers should fully rationalize energy cost savings over T periods of product j over
product k if these products have identical attributes except for energy-efficiency:

∆WTP =
T∑

t=0

pe · m · ek
(1 + r)t︸ ︷︷ ︸

NPV of energy cost for k

−
T∑

t=0

pe · m · ej

(1 + r)t︸ ︷︷ ︸
NPV of energy cost for j

(1.1)

▶ c: extra investment cost to buy good 0 over 1, you can regard it as ∆WTP
▶ pe : energy price, e.g., gas price for cars, electricity price for homes and buildings
▶ ei : energy consumption rate (usually 1 over energy efficiency), e.g., gallon-per-mile = 1 /

mile-per-gallon (MPG) for vehicles
▶ mi : utilization of energy (intensive margin), e.g., VMT for vehicle, kWh for electricity
▶ T : duration for the durable goods or the investment, e.g., lifespan of a vehicle, lifespan of

rooftop weatherization
▶ r : interest rate or other inter-temporal discount factor
▶ LHS of Eq(1.1): To be estimated
▶ RHS of Eq(1.1): Can be measured using observable
▶ If there is an energy efficiency gap, LHS of Eq(1.1) < RHS of Eq(1.2)
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2. Compare ∆WTP and ∆NPV
2.2 Introduce valuation ratio γ

Still consider product j and k have identical attributes except for energy-efficiency:

∆WTP = γ ·

 T∑
t=0

pe · m · ek
(1 + r)t︸ ︷︷ ︸

NPV of energy cost for k

−
T∑

t=0

pe · m · ej

(1 + r)t︸ ︷︷ ︸


NPV of energy cost for j

(1.2)

▶ c: extra investment cost to buy good 0 over 1, you can regard it as ∆WTP
▶ pe : energy price, e.g., gas price for cars, electricity price for homes and buildings
▶ ei : energy consumption rate (usually 1 over energy efficiency), e.g., gallon-per-mile
▶ mi : utilization of energy (intensive margin), e.g., VMT for vehicle, kWh for electricity
▶ T : duration for the durable goods or the investment, e.g., lifespan of a vehicle
▶ r : interest rate or other inter-temporal discount factor
▶ Evidence of full valuation: γ = 1
▶ Evidence of undervaluation (energy efficiency gap): γ < 1
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2. Compare ∆WTP and ∆NPV
2.3 Introduce implied discount rate r

Still consider product j and k have identical attributes except for energy-efficiency:

∆WTP = γ ·

 T∑
t=0

pe · m · ek
(1 + r)t︸ ︷︷ ︸

NPV of energy cost for k

−
T∑

t=0

pe · m · ej

(1 + r)t︸ ︷︷ ︸


NPV of energy cost for j

(1.2)

▶ c: extra investment cost to buy good 0 over 1, you can regard it as ∆WTP
▶ pe : energy price, e.g., gas price for cars, electricity price for homes and buildings
▶ ei : energy consumption rate (usually 1 over energy efficiency), e.g., gallon-per-mile
▶ mi : utilization of energy (intensive margin), e.g., VMT for vehicle, kWh for electricity
▶ T : duration for the durable goods or the investment, e.g., lifespan of a vehicle
▶ Suppose we let γ = 1, and compute what the implied discount rate r is
▶ Evidence of full valuation: r is exactly around the commonly recognized interest rate
▶ Evidence of undervaluation (energy efficiency gap): r is way way way higher than typical

interest rate
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2. Compare ∆WTP and ∆NPV
2.2-2.3 How to examine if there is an energy efficiency gap using γ and r

Still consider product j and k have identical attributes except for energy-efficiency:

∆WTP = γ ·

 T∑
t=0

pe · m · ek
(1 + r)t︸ ︷︷ ︸

NPV of energy cost for k

−
T∑

t=0

pe · m · ej

(1 + r)t︸ ︷︷ ︸


NPV of energy cost for j

(1.2)

▶ Suppose you estimate LHS and compute RHS
▶ How to examine if there is an energy efficiency gap?
▶ Method 1: Use valuation ratio

▶ First, use a commonly recognized interest rate or discount factor r to compute ∆NPV
▶ Next, compute γ = ∆WTP/∆NPV
▶ If γ < 1: Then there is consumer undervaluation (energy-efficiency gap)

▶ Method 2: Use implied discount rate
▶ First, impose γ = 1
▶ Next, compute r that will justify γ = 1 aka ∆WTP = ∆NPV
▶ If the implied discount rate r is way higher than commonly used rate: Then there is

consumer undervaluation (energy-efficiency gap)
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2. Compare ∆WTP and ∆NPV
2.4 Allow for tradeoff costs

Suppose while j is more energy-efficient than k, j and k are not identical in other dimensions

▶ e.g., j may have a lower horsepower than k
▶ e.g., j may have a lower EV battery range than k
▶ While a consumer experiences a rise in WTP for energy efficiency ∆WTPe

▶ They may experience a reduction in WTP due to the foregone quality consumers have to
trade off in exchange for greater energy efficiency

Then undervaluation of energy-cost savings does not necessarily imply an energy paradox

▶ Consumer may still undervalue energy cost savings, ∆WTPe < ∆NPV
▶ But such undervaluation is consistent with a rational consumer
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2. Compare ∆WTP and ∆NPV
2.4 Allow for tradeoff costs: undervaluation vs. energy-efficiency gap

Denote the reduction in WTP from foregone quality as ξ, i.e., ξ =
∣∣∆WTPother quality

∣∣
▶ Then a rational consumer would fully rationalize ∆NPV net out the foregone opportunity

cost ξ in exchange for higher energy efficiency.

∆WTPe = γ ·

 T∑
t=0

pe · m · ek
(1 + r)t︸ ︷︷ ︸

NPV of energy cost for k

−
T∑

t=0

pe · m · ej

(1 + r)t︸ ︷︷ ︸


NPV of energy cost for j

(1.2)

∆WTPe =

 T∑
t=0

pe · m · ek
(1 + r)t︸ ︷︷ ︸

NPV of energy cost for k

−
T∑

t=0

pe · m · ej

(1 + r)t︸ ︷︷ ︸


NPV of energy cost for j

− ξ︸︷︷︸
|∆WTPother quality|

(1.3)

▶ Suppose you not only can estimate the overall ∆WTP, but specifically ∆WTPe
▶ Suppose we find γ = 0.8 from Eq(1.2), suggesting undervaluation
▶ Case 1. If Eq(1.3) still holds, then no energy paradox
▶ Case 2. If Eq(1.3) has LHS < RHS, then there is an energy efficiency gap/paradox
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2. Compare ∆WTP and ∆NPV
2.5 Subtle consideration: accounting for "rebound effect"

Reconsider the simple case with j and k being identical except for energy efficiency

∆WTPe = γ ·

 T∑
t=0

pe · m · ek
(1 + r)t︸ ︷︷ ︸

NPV of energy cost for k

−
T∑

t=0

pe · m · ej

(1 + r)t︸ ︷︷ ︸


NPV of energy cost for j

(1.2)

▶ Typically when people construct RHS, they estimate yearly VMT from NHTS
▶ This implicitly assumes that m is exogenous
▶ However, m(e) can be function of energy efficiency e

i.e., the intensive margin of using energy-related product depends on e
e.g., we may drive more miles per year if we buy a more energy-efficient vehicle

▶ There is a whole literature focusing on estimating parameters of the "rebound effect"
a bit related to the idea of moral hazard
see Gillingham, Rapson, & Wagner (2015) REEP for a literature survey

▶ So if one wants to account for this when constructing the RHS of Eq(1.2), one can allow m
to vary by e
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3. Typical Explanations

In addition to the possibility of rational consideration of tradeoff cost ξ

▶ 1. Consumer may be inattentive
▶ 2. Consumer myopia
▶ 3. There may be an information problem
▶ 4. There may be a financial literacy issue

▶ Issues 3-4 lead to a series of studies evaluating the impact of energy efficiency labels
▶ e.g., "payback period" labels for vehicles
▶ e.g., "energy star" labels for large appliances

▶ 5. There could be other frictions such as adjustment costs on the firm or consumer side
▶ 6. Bias belief of future energy prices (or fuel prices) pe trajectories
▶ 7. Bias belief of energy use (or fuel use) m
▶ 8. Fail to account for future learning-by-doing which will affect m
▶ 9. Liquidity constraint for upfront cost investment
▶ 10. Engineering models are wrong
▶ etc.
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4. Importance of Energy Efficiency
It matters for energy consumption across many sectors

Top sectors: (1) transportation (2) industrial (3) residential

Left: Allcott & Greenstone (2012) Fig 1 Right: EIA 2018
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4. Importance of Energy Efficiency
It matters for energy consumption across many sectors: residential energy use

Residential energy consumption: mostly heating & cooling

13 / 76



EE Gap Ex1: BKZ (2013) Ex2: GHvB(2021) Ex3 Ex4 Ex5 Future

5. EE Policies and Justifications
5.1 Often: private surplus gain (when EE gap exists)
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5. EE Policies and Justifications
5.2 Information intervention if/when EE gap exists: Examples

Left: Energy star Right: Fuel economy label
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6. Other Corrective Possibilities

The monopolist is the environmentalist’s best friend.
- often attributed to Milton Friedman and James Buchanan

▶ Market power, often leading to under-allocation, can somewhat correct the over-allocation
in the case of pollution or other negative externality

▶ E.g., Asker et al. (2024) NBER WP "Two Wrongs Can Sometimes Make a Right: The
Environmental Benefits of Market Power in Oil"

▶ Typically, a more energy-efficient product/investment is also a less pollution-intensive
product/investment

▶ It is very similar in the case of the energy efficiency when an EE gap exists
▶ Suppose some market inefficiency leads to such a wedge/gap in energy efficiency
▶ Then the existence of market power (usually regarded as a problem itself) can correct

the under-allocation of energy efficiency
▶ Q1. Why?
▶ Q2. Implications?
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Outline

▶ Introduction ✓

▶ Example 1: Busse, Knittel, & Zettlemeyer (2013) AER

▶ Example 2: Gillingham, Houde, & van Benthem (2021) AEJ:EP

▶ Example 3: Sallee & Fan (2016) JPubE

▶ Example 4: Myers (2019) AEJ-EP

▶ Example 5: Myers (2020) JPubE

▶ Future directions
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Busse, Knittel, & Zettelmeyer (2013) AER
"Are consumers myopic? Evidenced from New and Used Car Purchases"

Research Question:

▶ How does a marginal increase in fuel price affect ∆WTP between a low-fuel-economy
vehicle j vs. a high-fuel-economy vehicle k, all else equal?

▶ How does such ∆WTP differ in the new car market (imperfect competition) vs the used car
market (≈ perfect competition)?

▶ Given the estimates of ∆WTP, what are the valuation ratio γ and implied discount rate r
in this market?

▶ Policy implications?

Key info

▶ Transactional-level data from an unnamed market research firm (≈ 20% of national sales)
▶ Time frame: Jan 1999 to June 2008 (before the market crash)
▶ Key variation: fuel price variation by day

(Having transactional-level data allows them to use fuel price variation at such high frequency)
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1 Background: Time Period 1999-2008
1.1 Regulation has been more-or-less flat & non-binding during 1999-2008
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1 Background: Time Period 1999-2008
1.2 variation in fuel price: a lot of temporal variation and randomness

(driven by randomness and volatility in the upstream crude oil market)
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1 Background: Time Period 1999-2008
1.2 variation in fuel price: a lot of temporal variation and randomness

+ cross-sectional variation across zipcode
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2. Data

Transactional price data (≈ 20% of national sales)

▶ Both new and used car purchases
▶ Also observe consumer demographics

Fuel economy rating data from EPA

▶ Available at a trim level, but needs to build a cross-walk to merge this in
▶ Usually, transactional level data also reports fuel economy (miles-per-gallon, MPG)

But the best practice is to merge EPA MPG ratings.

Daily zipcode level gas price from OPIS

▶ To merge to transactional level data, they aggregate OPIS fuel price to Nielsen Designated
Market Areas (DMA) level

▶ Nielsen define DMAs using common TA-viewing habit
▶ Roughly 210 DMAs in the US
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3. Empirical Strategy
3.1 Regression 1: Price Regression for WTP (Both New and Used Cars)

For transaction i in region r on date t for vehicle j, the authors estimate:

Pirjt = λ0 + λ1(GasPriceit · MPG Quartilej ) (2-3)
+ λ2Demogit + λ3PurchaseTimingjt + δj + τrt + µrt + ϵirjt

▶ P: price
▶ MPG Quartile: 4 dummies, Q1 = lowest MPG in the model year, Q4 = the greatest
▶ GasPrice: DMA-by-month gas price

▶ Seasonality:
▶ PurchaseTime: dummies for weekend, end of month FE, end of year

also for new car: ∆Year if model year = 2005 and bought in 2004
also for used car: odometer spline X segment X PADD region

▶ Location X Time FE: PADD region by year (τ), Padd X month-of-year (µ)
▶ δj : Vehicle FE
▶ Q1. What are they comparing?
▶ Q2. What does δj do here?
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3. Empirical Strategy
3.2 Regression 2: Quantity Regression (New Cars)

For dealer d in region r on month t for vehicle in an MPG Quartile k, the authors estimate:

Qdrkt = γ0 + γ1(GasPricedt · MPG Quartilek) + γ3MPG Quartilek (6)
+ δd + τrt + µrt + ϵdkrt

▶ Q: sales at dealer level
▶ MPG Quartile: 4 dummies, Q1 = lowest MPG in the model year, Q4 = the greatest
▶ GasPrice: DMA-by-month gas price
▶ Seasonality in Location X Time FE: PADD region by year (τ), Padd X month-of-year (µ)
▶ δd : Dealer FE
▶ Note: sales (or registration) data are typically more aggregated so Eq(6) can only be

estimated at a location-product-time level (not a transaction level)
▶ Q3. What are they comparing?
▶ Q4. Why does Eq(6) need to control for MPG Quartile but Eq(2-3) doesn’t need to?
▶ Q5: Why do we need Eq(6)? Shouldn’t Eq(2-3) be enough for obtaining WTP?
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3. Empirical Strategy
3.3 Converting estimates to ∆WTP

▶ Equilibrium price changes ∆P does not necessarily mean ∆WTP
▶ ∆WTP can be visualized as the vertical amount of shift in the demand curve
▶ ∆P can be regarded as ∆WTP in used car market
▶ ∆P will be smaller than ∆WTP
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3. Empirical Strategy
3.3 Converting estimates to ∆WTP for new car market (imperfect competition)

Under imperfect competition, we need to (i) obtain both ∆Q and ∆P and (ii) assume an
elasticity εd to compute ∆WTP

▶ Step 1, obtain ∆P from Eq(2)
obtain ∆Q from Eq(6)

▶ Step 2, use a demand elasticity
εd estimated in the literature to
convert ∆Q to l2

▶ Step 3, ∆WTP = l1 + l2

Source: Leard et al. (2023) REStat
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4. Results for WTP
4.1 Price regressions for new cars (top) and used cars (bottom)
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4. Results for WTP
4.2 Quantity regressions for new cars
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4. Results for WTP
4.3 Computing ∆WTP for used cars (simply just ∆P) for a $1/gal fuel price shock

E.g., consider comparing MPG quartile 2 vs quartile 4: ∆WTP = 763 − (−101) = $864
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4. Results for WTP
4.4 Computing ∆WTP for new cars (need to do l1 + l2) for a $1/gal fp shock

E.g., consider |εd | = 2, compare MPG quartile 1 vs quartile 4:
If you compute ∆l1 from ∆P only, it will only be 104 − (−250) = $354
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4. Results for WTP
4.4 Computing ∆WTP for new cars (need to do l1 + l2) for a $1/gal fp shock

E.g., consider |εd | = 2, convert quantity effect into l2
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4. Results for WTP
4.4 Computing ∆WTP for new cars (need to do l1 + l2) for a $1/gal fp shock

E.g., consider |εd | = 2, convert compare ∆WTP from Quartile 1 to 4:
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4. Results for WTP
4.4 Computing ∆WTP for new cars (need to do l1 + l2) for a $1/gal fp shock

E.g., similarly consider |εd | = 3, convert compare ∆WTP from Quartile 1 to 4:
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5. Consumer Valuation
5.1 Need to compute NPVs now

Still consider product j and k have identical attributes except for energy-efficiency:

∆WTP = γ ·

 T∑
t=0

pe · m · ek
(1 + r)t · Prob(survivet)︸ ︷︷ ︸

NPV of energy cost for k

−
T∑

t=0

pe · m · ej

(1 + r)t · Prob(survivet)︸ ︷︷ ︸


NPV of energy cost for j

(1.2)

▶ pe : energy price, e.g., gas price for cars, electricity price for homes and buildings
▶ Use current fuel price for all future periods
▶ Justification: Anderson, Kellogg, & Sallee (2013) JEEM: study on Michigan Surveys of Consumers (MSC)

▶ ei : energy consumption rate: gallon-per-mile (i.e., 1/mpg)
▶ mi : VMT per year, estimated from NHTSA (baseline)
▶ Prob(survive): Estimated from NTHSA survey
▶ T : Estimated from NTHSA survey
▶ Suppose we let γ = 1, and compute what the implied discount rate r is
▶ Evidence of full valuation: r is exactly around the commonly recognized interest rate
▶ Evidence of undervaluation (energy efficiency gap): r is way way way higher than typical

interest rate
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5. Consumer Valuation
5.1 VMT and Survival Probability: Estimated from NHTSA
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5. Consumer Valuation
5.1 Use VMT and Survival Probability to Compute Fuel Savings (in gallon)
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5. Consumer Valuation
5.1 Fuel Savings (in gallon) is also Fuel Cost Savings (in $) for $1/gal fp shock
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5. Consumer Valuation
5.1 Compute cumulating savings (i.e., NPV) for an assumed implied discount factor
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5. Consumer Valuation
5.1 Adjust implied discount factor (IDR) till ∆WTP = ∆NPV
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5. Consumer Valuation
5.2 Results for implied discount rate (IDR): Consistent with full valuation

▶ Compare to plausible interest rate (or real APR with CPI adjusted)
▶ New cars: APR from 1.9% to 11.6%; real APR from -0.9% to 9.0%
▶ Used cars: APR from 5.5% to 19.7%; real APR from 2.8% to 16.9%
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Outline

▶ Introduction ✓

▶ Example 1: Busse, Knittel, & Zettlemeyer (2013) AER ✓

▶ Example 2: Gillingham, Houde, & van Benthem (2021) AEJ:EP

▶ Example 3: Sallee & Fan (2016) JPubE

▶ Example 4: Myers (2019) AEJ-EP

▶ Example 5: Myers (2020) JPubE

▶ Future directions
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Gillingham, Houde, & van Benthem (2021) AEJ:EP
"Consumer myopia in vehicle purchases: Evidence from a natural experiment"

Research Question: Do consumers fully value fuel cost savings?

▶ Typical WTP estimation for past work:

▶ Version 1: Regress price on dollar-per-mile fpt
mpgjt

▶ Version 2: Regress price on Gjt which is NPVjt ≡
∑

t
fpt ·mj ·ejt

(1+r)t with ejt = 1
mpgjt

▶ Busse et al. (2013) is a derivative V1 using fpt · MPG Quartilej

▶ Typical identification for past work:
▶ Originally, most studies rely on temporal randomness in fuel price fpt (e.g., BKZ 2013)

▶ Later studies started to IV for fuel economy mpgjt using engine technologies
This creates temporal & mostly cross-sectional variation in mpgjt

▶ Approach for this study:
▶ Use fuel economy restatement as a natural experiment
▶ This shock is quasi-random temporal shift in mpgjt generated within each j
▶ This shock is as close as people can get in approximating an RCT (b/c random audit)
▶ Can define product j at a very fine level using VIN
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EPA Press Release in 2012
Hyundai and Kia Overstated their MPG for Model Year (MY) 2011-2013

▶ How does test cycle work? See a Forbes article

43 / 76

https://www.forbes.com/sites/jimgorzelany/2012/11/06/inside-the-epas-fuel-economy-ratings-and-why-they-remain-an-elegant-fiction/


EE Gap Ex1: BKZ (2013) Ex2: GHvB(2021) Ex3 Ex4 Ex5 Future

Models Detected by EPA for MY 2011-2013
Hyundai: Accent, Azera, Elantra, Genesis, Santa Fe, Sonata, Tucson, Veloster
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Models Detected by EPA for MY 2011-2013
Kia: Optima Hybrid, Rio, Sorento, Soul, Sportage
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Models with Inflated MPG from Hyundai & Kia
Potential strategic choices at the model level across market segments

▶ Carmakers deciding which model to inflate is not random
▶ EPA deciding which model gets audited is plausibly random
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Data

Transactional price data from RL Polk (now IHS Markit)

▶ New car purchases August 2011 - June 2014
▶ Also observe consumer demographics
▶ Observe VIN for each car: Can extract attributes

Fuel economy rating data + Fuel economy restatement from EPA

▶ Available at a trim level, can be merged in as in BKZ (2013)

Other data

▶ National gas price by year from EIA
▶ 210 Nielsen designated Market Area (DMA) by Nielsen as in BKZ (2013)

Data for computing the NPV

▶ VMT: NHTSA (base), BKZ’s survey (robustness)
▶ Vehicle survival rate: RP Polk (base), NHTSA (robustness), BKZ’s survey (robustness)
▶ Gas price: annual national by EIA (base), state X month by EIA (robustness)
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Define a product j
Using VIN10, the first 10 digits of VIN out of 17 digits

▶ Many past studies use trim as product j (e.g., Accord LX vs Accord SE)
▶ Or at best using model-variant as j (e.g., trim X fuel type X body type X engine size)
▶ There may still be product differences below a typical model-variant level
▶ This study uses VIN 10 as j, effectively the finest model-variant X model year
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Empirical Strategy
Two regressions

Regression 1: An Equilibrium Price Regression

Prjt = β 1(Affected Models)j × 1(Post Restatement)t + Controls + FEs + εrjt

▶ Focus on β: the effect of restatement on equilibrium price

Regression 2: An Equilibrium Price Regression on changes in NPV

Prjt = γ∆Gjt + Controls + FEs + εrjt

▶ Focus on γ: the effect of ∆NPV from restatement on equilibrium price
▶ γ is the valuation ratio (in some context)
▶ γ is almost the valuation ratio in this study
▶ We will cover a brief part from Allcott & Wozney (2014) REStat to explain this part

49 / 76



EE Gap Ex1: BKZ (2013) Ex2: GHvB(2021) Ex3 Ex4 Ex5 Future

Empirical Strategy
A price regression using DID estimator

Define a product j is defined by VIN 10 (aka model variant VIN 9 X model year)

For all transactions in DMA region r on year-month t for vehicle j, the authors estimate:

Prjt = β 1(Affected Models)j × 1(Post Restatement)t + ηr 1(Post Restatement)t (1)
+ ρt,class + µt,make + ωj + ηr + εrjt

▶ P: price
▶ ωj : vehicle FE
▶ ηr : DMA region FE
▶ Seasonality FE: class X year month FE ρt,class

make X year month FE µt,make
▶ Note: calendar year ̸= model year
▶ Q1. What are they comparing?

What variation is responsible for identification?
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Price Regression Results
Effect of restatement: Price would be lower by 1.2% or $294
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Price Regression Results
Event study version

▶ Despite imprecision (Q2: Do you know why Fig 1 is not precise? Hint: Think about j)
▶ The notable results are that the effect disappears in 15 months after Jan 2014
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Empirical Strategy
A regression on (almost) valuation ratio

For all transactions in DMA region r on year-month t for vehicle j (defined as a VIN 10), the
authors estimate:

Prjt = γ∆Gjt + ηr 1(Post Restatement)t + ρt,class + µt,make + ωj + ηr + εrjt (2)

▶ P: price
▶ ∆G: implied ∆NPV given ∆mpg generated by the restatement

e.g., ∆G = $0 for unaffected models
e.g., ∆G > $0 for restated models

▶ γ: valuation ratio parameter if no sales effect (aka no l2 in Slide 26)
i.e., |γ| can be regarded as the valuation ratio if the data are on used vehicles

▶ ωj : vehicle FE
▶ ηr : DMA region FE
▶ Seasonality FE: class X year month FE ρt,class

make X year month FE µt,make

▶ Where does this regression come from?
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Allcott & Wozny (2014) REStat
Explain Eq(2) requires a bit AW (2014), who studied VR for used car market

Transform demand estimation into a price regression
ln sjt − ln s0t = −ηpjt − ηγGjt + φj + νjt (AW-2)

pjt = −γGjt −
1
η

(ln sjt − ln s0t) + ϕj + ξjt (AW-3)

pjt = −γGjt + ϕj + ϕt + εjt (AW-5)

▶ In Eq (AW-2), consider a demand estimation equation (following Berry (1994) or BLP (1995))

▶ η is the price coefficient for everything related to the cost of buying & using a vehicle
▶ G is the NPV , so γ represent valuation ratio

▶ Re-arrange Eq (AW-2) into Eq (AW-3) by moving price to LHS and G to RHS
▶ A regression of p on NPV with product FE (ϕj ) + an extra term (ln sjt − ln s0t)
▶ Note 1: ln s0t can be completely absorbed by time FE
▶ Note 2: ln sjt can be grouped into error term

(It is not an omitted confounder as it is unlikely to be correlated with Gjt for used vehicles)

▶ Re-arrange into Eq (AW-5): γ represents valuation ratio if no sales effect
▶ AW (2013) and other studies construct Gjt and use temporal variation in fpt
▶ GHvB (2021) construct ∆Gjt use within-j temporal variation in mpgjt
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Results on (Almost) Valuation Ratio γ̂
Effect of ∆NPV = $1 on equilibrium price: -$0.17

▶ Baseline assumes discount rate r = 4%
▶ Consider sales effect, γ = 17% is a lower bound
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γ̂ = 17% as a lower bound of valuation ratio
Recall: size of ∆P is a lower bound of ∆WTP as long as supply is normal
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Compute the range of VR (γ̂) if ∆Q% ∈ [−5%, 0%]
Compute ∆WTP and then the VR

▶ When sales effect = 0, |∆WTP| = $294
▶ I will demonstrate the example when ∆Q = −1% and demand elasticity = -4
▶ We will show |∆WTP| = $355 and we will compute VR
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Compute the range of VR (γ̂) if ∆Q% ∈ [−5%, 0%]
Example: Suppose quantity effect is ∆Q = −1%

58 / 76



EE Gap Ex1: BKZ (2013) Ex2: GHvB(2021) Ex3 Ex4 Ex5 Future

Compute the range of VR (γ̂) if ∆Q% ∈ [−5%, 0%]
Example: Suppose quantity effect is ∆Q = −1%
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Compute the range of VR (γ̂) if ∆Q% ∈ [−5%, 0%]
Example: Suppose quantity effect is ∆Q = −1%
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VR (γ̂) Estimates (17%-44%)
A lot of undervaluation
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Student comments & questions

▶ One question I have after reading this paper is whether or not the estimated subjective
discount rates truly reflect myopia alone or also account for search/information frictions or
potential miscalculations of future fuel savings

▶ This is interesting part of the paper as the cars were physically unchanged, any price
difference after the restatement must come purely from the label update, making the causal
interpretation much more convincing than studies that rely on gasoline price swings.

▶ If late buyers never knew the ratings changed and simply took the new lower ratings at face
value, the persistent undervaluation they exhibit may just reflect a pre-existing general
tendency to undervalue fuel economy across all vehicles, the natural experiment may be
capturing something broader than the causal effect of the restatement itself.

▶ I feel like it is very unlikely that late buyers didn’t know about the restatement. With a
large purchase, like a car, there is so much research being done before even looking at the
cars on a lot.

▶ I think the authors can add whether consumers ignore fuel economy ratings altogether or
simply struggle to convert MPG into lifetime dollar costs this may matter for policy designs.
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Outline

▶ Introduction ✓

▶ Example 1: Busse, Knittel, & Zettlemeyer (2013) AER ✓

▶ Example 2: Gillingham, Houde, & van Benthem (2021) AEJ:EP ✓

▶ Example 3: Sallee & Fan (2016) JPubE

▶ Example 4: Myers (2019) AEJ-EP

▶ Example 5: Myers (2020) JPubE

▶ Future directions
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Ex3. Sallee, West, & Fan (2016) JPubE
Estimate VR using used car transactions

▶ RQ: How do used car consumers value fuel cost savings?
▶ Methodology: Regress price on NPV (as in AW 2014, GHvB2021)

▶ Key variation in NPV: temporal shifts in fuel price
▶ Need to flexibly control for vintage (age) and odometer
▶ Key results: valuation ratio γ̂ around 1 - full valuation
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Ex3. Sallee, West, & Fan (2016) JPubE
Quite a bit heterogeneity in γ̂ around -1 if they estimate γj
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Outline

▶ Introduction ✓

▶ Example 1: Busse, Knittel, & Zettlemeyer (2013) AER ✓

▶ Example 2: Gillingham, Houde, & van Benthem (2021) AEJ:EP ✓

▶ Example 3: Sallee & Fan (2016) JPubE ✓

▶ Example 4: Myers (2019) AEJ-EP

▶ Example 5: Myers (2020) JPubE

▶ Future directions
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Ex4. Myers (2019) AEJ-EP
"Are home buyers inattentive? Evidence from Capitalization of Energy Cost"

▶ RQ: How does the variation in fuel prices (for heating) affect housing prices?
▶ Methodology: run a price regression for WTP, then compute the IDR r
▶ For house j area a year t, run: Hjat = γpjt + λat + θj + εjat

▶ Key variation: spacial variation in heating source + temporal shift in relative heating price
▶ Data: CoreLogic
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Ex4. Myers (2019) AEJ-EP
IDR r̂ around 8-9%, pretty much full valuation
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▶ Introduction ✓
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▶ Example 3: Sallee & Fan (2016) JPubE ✓
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▶ Future directions
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Ex4. Myers (2016) JPubE
Asymmeric info in residential rental market: Implications for energy-efficiency gap

▶ Heating oil price hiked relative to natural gas after 2022 in Northeast
▶ Broad research question: How does energy price hike in heating oil affect "landlord-pay

renters" vs "tenant-pay renters" between units heated by heating oil vs natural gas?
▶ How does energy price hike pass-through into rents?
▶ How does energy price hike affect energy-efficiency investment (capitalization)?
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Ex4. Myers (2016) JPubE
Testable hypothesis: Consider the scenario when energy cost µ goes up

▶ R as post-energy-cost rent, and r as pre-energy-cost rent
▶ Test 1: Faster turning over probability for "tenant-pay" when heating price goes up

(compare blue solid vs blue dash on LHS)

▶ Test 2: Greater rent when heating price goes up for "landlord-pay" (blue solid on LHS)
Null effect for "tenant pay" (yellow dash on LHS)

▶ Test 3: Greater probability to switch from oil to nat gas for "landlord-pay" when heating
price goes up
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Ex4. Myers (2016) JPubE
Tests 1-2: Effect on turning over rate & rent
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Ex4. Myers (2016) JPubE
Test 3: Energy efficiency investment & implications of EE gap

▶ Fuel switch goes up by 0.6% pctg point if heating price
goes up by $1/MMBTU

▶ Assume full-info "tenant-pay" can be approximated by
"landlord-pay"

▶ Then 0.6% implies the foregone fuel switch that could
have happened under "tenant-pay", aka 46045 units

▶ Although they didn’t compute measures such as VR or
IDR, they provide the amount of energy cost savings
that could have been internalized ($300-706 per 2 years,
or 12%-24% of previous expenditure using heating oil,
relating back to the EE-gap literature
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Outline

▶ Introduction ✓

▶ Example 1: Busse, Knittel, & Zettlemeyer (2013) AER ✓

▶ Example 2: Gillingham, Houde, & van Benthem (2021) AEJ:EP ✓

▶ Example 3: Sallee & Fan (2016) JPubE ✓
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What people are doing now?
In the literature of EE gap

In addition to produce more rigorous estimates for WTP and quantifying EE gap, researchers
study the following:

▶ Understand how specific elements in NPV are formed for consumers.
Are some of them formed with bias? Which one? Why?
Are some of them the source of inattention? Why one? How come?

▶ Policy implications: more information disclosure? financial literacy education?
▶ Heterogeneity and policy/incentive targeting

e.g., Allcott, Knittel, & Taubinsky (2015) AER P&P "Tagging and Targetting of Energy Efficiency Subsidies"
e.g., Jacobsen, Knittel, Sallee, & van Benthem (2020) JPE "Use Regression Stats to Analyze Imperfect Pricing Policies"

e.g., Sallee (2019) NBER WP "Pigou Produce Losers"

75 / 76



EE Gap Ex1: BKZ (2013) Ex2: GHvB(2021) Ex3 Ex4 Ex5 Future

What people are doing now?
In board literature of EE (not EE gap)

▶ Consumers’ taste for EE for the electric vehicle (EV) market and barriers for EV adoption
▶ The effect of EE policies (regulations and subsidies)
▶ Attribute-based EE policies (to avoid strategic attribute tradeoffs)
▶ Firms’ strategic gaming of faking/exaggerating energy efficiency (similar to VW scandal)

e.g., Reynaert and Sallee (2021) AEJ:EP "Who Benefits When Firms Game Corrective Policies"

▶ Firms’ strategic bunching behavior of offering specific energy efficiency
▶ Multi-product firms’ strategic behavior of manipulating price and attributes to steer

consumers towards products they want to sell
▶ Multi-product firms’ strategic behavior of manipulating product offering (aka choice set) in

energy efficiency to steer consumers towards products they want to sell
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