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Energy Efficiency Policies
Goals and examples

Goals of energy efficiency policy: achieve the efficient allocation

▶ Suppose the total energy consumption is over-allocated due to some market failure (e.g.,
pollution externality, GHG emission externality, energy efficiency gap, etc.)

▶ e.g., kwh of electricity for end-user consumers
▶ e.g., gallons of fuels for car drivers
▶ e.g., tonnes of coals used for power plants

▶ Here enter second-best policies and interventions on energy efficiency
▶ e.g., fuel economy standard for vehicles, California ZEV policy
▶ e.g., fuel tax to incentivize adoption for more fuel-efficient vehicles
▶ e.g., building codes for buildings
▶ e.g., energy sar labels and fuel economy labels
▶ e.g., weatherization for homes
▶ e.g., renewable portfolio standard for power plants
▶ e.g., investment tax credit for renewables

▶ EE policies target:
▶ adopting a more energy-efficient product
▶ adopting a more energy-efficient production technology
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Energy Efficiency Policies
Rebound effect: an unintended consequence

Goals of energy efficiency policy: achieve the efficient allocation

▶ Suppose the total energy consumption is over-allocated due to some market failure (e.g.,
pollution externality, energy efficiency gap, etc.)

▶ e.g., kwh of electricity for end-user consumers
▶ e.g., gallons of fuel used by car drivers
▶ e.g., tonnes of coal used by power plants

▶ EE policies do not target: reducing energy consumption

▶ Worse, adopting a more energy-efficient product may incentivize greater energy usage
▶ e.g., VMT may be greater if one buys a more fuel-efficient car
▶ e.g., use more electricity if one improves the energy efficiency of their homes

▶ This phenomenon is known as rebound effect
▶ efficiency gain: potential greater private surplus (CS and PS)
▶ efficiency loss: If total energy is previously over-allocated, the existence of the

rebound effect would undermine the effectiveness of energy-efficiency policies and
interventions
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Rebound Effect
Typical questions:

Most common questions:

▶ Does adopting a more energy-efficient product lead to greater usage (e.g., VMT, kWh)?
▶ What is the elasticity of energy usage w.r.t. to energy price or energy-efficiency ratings?
▶ What is/are the mechanism(s) of the rebound effect?
▶ What is the distributional impact of the rebound effect?

More niche questions:

▶ In what scenarios do we not observe a rebound effect? Or even the opposite of a rebound
effect? What may be potential causes?

Another margin similar to the rebound effect: delayed exit/obsolescence

▶ e.g., do fuel economy regulations cause people to delay scrapping their vehicles for
prolonged periods?

▶ e.g., do vintage-differentiated regulations (VDRs) for the power sector delay power plant
retirements?
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Linn (2016) Energy Journal
"Rebound effect for passenger vehicles"

Research Question:

▶ What is the elasticity of vehicle miles travelled (VMT) w.r.t. operating fuel cost
(dollar-per-mile)?

▶ What is the elasticity of VMT w.r.t. fuel price?
▶ What is the elasticity of VMT w.r.t. fuel economy?

Data

▶ NHTS 2009 from NHTSA
▶ Fuel price from ACCRA (city X quarter) and EIA (state X month)
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Empirical Strategy
Cross-sectional log-log regression for elasticity

For household h using vehicle i , the author consider Eq (1-2):

ln VMThi = δ0 + δ1 ln dpmhi + βXh + εhi (1)
ln VMThi = δ0 + δ1 ln fph + δ2 ln mhi + δ3 ln m̄h,−i + f (Xh, ηi ) + εhi (2)

▶ Ideally, Eq(1) will estimate elasticity of VMT w.r.t. operating fuel cost
▶ dpmhi = fph · 1

mhi
: operating fuel cost (dollar-per-mile)

▶ Consider Eq (2)
▶ mhi : fuel economy (mpg)
▶ m̄h,−i : average fuel economy for other vehicles within the household
▶ IVs for mhi : fuel price f̂p when vehicle was purchased X vehicle vintage

fuel price f̂p when vehicle was purchased X demographics
Note: Fuel price f̂p ̸= fq aka when households were surveyed for their VMT
Note: This is a bit similar to using cohort-specific gas price in Severen & van Banthem (2022)

▶ IVs for m̄: similar to the two IVs above
▶ Controls: CMSA FE, survey month FE, demographic controls
▶ Q1: What’s the benefit of running Eq(2) instead of Eq(1)?
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Results
Elasticity of VMT wrt MPG: 0.2-0.4 within a household

▶ Q2: Why are fuel economy
elasticities underestimated in
OLS?
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Implication: Fuel Economy Standard as EE policy
Simulate fuel consumption if all MPG in 2009 survey raised to 2016 standard

Case 1: no rebound

▶ Simulate ∆fuel consumption (gallon)
▶ ∆fuel economy (mpg)% = 44%
▶ ∆fuel consumpion rate (gpm)% = 1 − 1

1.44 = 1 − 0.69 = −31%

▶ If no rebound effect:
∆fuel consumption (gallon)% = ∆gpm% = −31%

▶ Fuel consumption ↓ 31%

Case 2: Baseline rebound results:

▶ Consider IV result col 1:
▶ ∆fuel economy (mpg)% = 44%
▶ ∆fuel consumption rate (gpm)% = 1 − 1

1.44 = −31%
▶ If rebound effect’s elasticity = 0.438
▶ ∆VMT = 0.44 × 0.438 = 19.3%
▶ ∆fuel consumption (gallon)% = 0.69 × 1.193 − 1 = −18%
▶ Fuel consumption only ↓ 18%
▶ Author’s calculation: ∆VMT = 18%
▶ Author’s calculation: ∆fuel consump. = −19%

9 / 42



Rebound Effect Ex1: Linn (2016) Energy J Ex2: AKB (2017) RAND Ex3: WHMP (2017) JPubE

Implication: Fuel Economy Standard as EE policy
Simulate fuel consumption if all MPG in 2009 survey raised to 2016 standard

Case 1: no rebound

▶ Simulate ∆fuel consumption (gallon)
▶ ∆fuel economy (mpg)% = 44%
▶ ∆fuel consumpion rate (gpm)% = 1 − 1

1.44 = 1 − 0.69 = −31%
▶ If no rebound effect:

∆fuel consumption (gallon)% = ∆gpm% = −31%
▶ Fuel consumption ↓ 31%

Case 2: Baseline rebound results:

▶ Consider IV result col 1:
▶ ∆fuel economy (mpg)% = 44%
▶ ∆fuel consumption rate (gpm)% = 1 − 1

1.44 = −31%
▶ If rebound effect’s elasticity = 0.438
▶ ∆VMT = 0.44 × 0.438 = 19.3%
▶ ∆fuel consumption (gallon)% = 0.69 × 1.193 − 1 = −18%
▶ Fuel consumption only ↓ 18%
▶ Author’s calculation: ∆VMT = 18%
▶ Author’s calculation: ∆fuel consump. = −19%

10 / 42



Rebound Effect Ex1: Linn (2016) Energy J Ex2: AKB (2017) RAND Ex3: WHMP (2017) JPubE

Implication: Fuel Economy Standard as EE policy
Simulate fuel consumption if all MPG in 2009 survey raised to 2016 standard

Case 1: no rebound

▶ Simulate ∆fuel consumption (gallon)
▶ ∆fuel economy (mpg)% = 44%
▶ ∆fuel consumpion rate (gpm)% = 1 − 1

1.44 = 1 − 0.69 = −31%
▶ If no rebound effect:

∆fuel consumption (gallon)% = ∆gpm% = −31%
▶ Fuel consumption ↓ 31%

Case 2: Baseline rebound results:

▶ Consider IV result col 1:
▶ ∆fuel economy (mpg)% = 44%
▶ ∆fuel consumption rate (gpm)% = 1 − 1

1.44 = −31%

▶ If rebound effect’s elasticity = 0.438
▶ ∆VMT = 0.44 × 0.438 = 19.3%
▶ ∆fuel consumption (gallon)% = 0.69 × 1.193 − 1 = −18%
▶ Fuel consumption only ↓ 18%
▶ Author’s calculation: ∆VMT = 18%
▶ Author’s calculation: ∆fuel consump. = −19%

11 / 42



Rebound Effect Ex1: Linn (2016) Energy J Ex2: AKB (2017) RAND Ex3: WHMP (2017) JPubE

Implication: Fuel Economy Standard as EE policy
Simulate fuel consumption if all MPG in 2009 survey raised to 2016 standard

Case 1: no rebound

▶ Simulate ∆fuel consumption (gallon)
▶ ∆fuel economy (mpg)% = 44%
▶ ∆fuel consumpion rate (gpm)% = 1 − 1

1.44 = 1 − 0.69 = −31%
▶ If no rebound effect:

∆fuel consumption (gallon)% = ∆gpm% = −31%
▶ Fuel consumption ↓ 31%

Case 2: Baseline rebound results:

▶ Consider IV result col 1:
▶ ∆fuel economy (mpg)% = 44%
▶ ∆fuel consumption rate (gpm)% = 1 − 1

1.44 = −31%
▶ If rebound effect’s elasticity = 0.438
▶ ∆VMT = 0.44 × 0.438 = 19.3%

▶ ∆fuel consumption (gallon)% = 0.69 × 1.193 − 1 = −18%
▶ Fuel consumption only ↓ 18%
▶ Author’s calculation: ∆VMT = 18%
▶ Author’s calculation: ∆fuel consump. = −19%

12 / 42



Rebound Effect Ex1: Linn (2016) Energy J Ex2: AKB (2017) RAND Ex3: WHMP (2017) JPubE

Implication: Fuel Economy Standard as EE policy
Simulate fuel consumption if all MPG in 2009 survey raised to 2016 standard

Case 1: no rebound

▶ Simulate ∆fuel consumption (gallon)
▶ ∆fuel economy (mpg)% = 44%
▶ ∆fuel consumpion rate (gpm)% = 1 − 1

1.44 = 1 − 0.69 = −31%
▶ If no rebound effect:

∆fuel consumption (gallon)% = ∆gpm% = −31%
▶ Fuel consumption ↓ 31%

Case 2: Baseline rebound results:

▶ Consider IV result col 1:
▶ ∆fuel economy (mpg)% = 44%
▶ ∆fuel consumption rate (gpm)% = 1 − 1

1.44 = −31%
▶ If rebound effect’s elasticity = 0.438
▶ ∆VMT = 0.44 × 0.438 = 19.3%
▶ ∆fuel consumption (gallon)% = 0.69 × 1.193 − 1 = −18%
▶ Fuel consumption only ↓ 18%

▶ Author’s calculation: ∆VMT = 18%
▶ Author’s calculation: ∆fuel consump. = −19%

13 / 42



Rebound Effect Ex1: Linn (2016) Energy J Ex2: AKB (2017) RAND Ex3: WHMP (2017) JPubE

Implication: Fuel Economy Standard as EE policy
Simulate fuel consumption if all MPG in 2009 survey raised to 2016 standard

Case 1: no rebound

▶ Simulate ∆fuel consumption (gallon)
▶ ∆fuel economy (mpg)% = 44%
▶ ∆fuel consumpion rate (gpm)% = 1 − 1

1.44 = 1 − 0.69 = −31%
▶ If no rebound effect:

∆fuel consumption (gallon)% = ∆gpm% = −31%
▶ Fuel consumption ↓ 31%

Case 2: Baseline rebound results:

▶ Consider IV result col 1:
▶ ∆fuel economy (mpg)% = 44%
▶ ∆fuel consumption rate (gpm)% = 1 − 1

1.44 = −31%
▶ If rebound effect’s elasticity = 0.438
▶ ∆VMT = 0.44 × 0.438 = 19.3%
▶ ∆fuel consumption (gallon)% = 0.69 × 1.193 − 1 = −18%
▶ Fuel consumption only ↓ 18%
▶ Author’s calculation: ∆VMT = 18%
▶ Author’s calculation: ∆fuel consump. = −19%

14 / 42



Rebound Effect Ex1: Linn (2016) Energy J Ex2: AKB (2017) RAND Ex3: WHMP (2017) JPubE

Outline

▶ Energy Efficiency and Rebound Effect ✓

▶ Example 1: Linn (2016) Energy J ✓

▶ Example 2: Aydin, Kok, & Brounen (2017) RAND J

15 / 42



Rebound Effect Ex1: Linn (2016) Energy J Ex2: AKB (2017) RAND Ex3: WHMP (2017) JPubE

Aydin, Kok, & Brounen (2017) RAND J
"Energy efficiency & hh behavior: rebound effect in residential sector"

Research Question: How do residents’ energy consumption respond to engineer ratings of energy
efficiency?

▶ Context: Energy label in the Netherlands 2008-2011
▶ All homes are regulated to have energy performance ratings (A++ to G)
▶ Outcome yvar: natural gas consumption (in m3)
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Aydin, Kok, & Brounen (2017) RAND J
Suggestive evidence of rebound effect
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Empirical Strategy
A log-log regression for elasticity

For household i year t, they estimate:

ln Ga
it = β0 + β1 ln Gp

it +
∑

j

βj Zijt + αi + εit

▶ Ga: actual energy consumption
▶ Gp : predicted energy consumption on the label based on: e.g., home size, insulation, window

▶ Z: hh characteristics that affect energy consumption: e.g., hh size, income, owner/rental, location, year

▶ Rebound effect (in elasticity) τ = 1 − β1

▶ IV for Gp : year of construction
▶ Idea: the year of construction implicitly has info on (i) vintage of the home and (ii)

home-building technology when the home was constructed
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Main Results
Homeowners vs renters
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Distributional Effects
What are the implications on equity and efficiency?
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West, Hoekstra, Meer, Puller (2016) JPubE
VM(not)T: Fuel economy requirement, vehicle characteristics, & hh driving

Research Question:

▶ What is the rebound effect from an exogenous shock on fuel economy requirement driven
by the Cash for Clunker (CfC) program?

▶ How should we think of the rebound effect, considering the tradeoff between fuel economy
v. other attributes?
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West et al. (2016) JPubE: VM(not)T
Innovations

Innovation 1:

▶ Unless in the scenario of a natural experiment in energy efficiency (e.g., AKB (2017)), most
studies on the rebound effect rely on variation in fuel price (e.g., some specs in Linn (2016))

▶ For that reason:
It is difficult to estimate the rebound effect εusage,energy efficiency such as εvmt,mpg
Most studies settle to estimate εusage,operating energy cost such as εvmt,dpm

▶ And because exogenous variation comes from energy price, the rebound effect of εvmt,dpm
means something else...

▶ This study uses eligibility to generate exogenous variation in fuel economy (mpg) and an
RD estimator

Innovation 2:

▶ This study considers the tradeoffs between fuel economy v. other attributes
▶ Q1: Why does this matter?
▶ Recall, OLS in Linn (2016) may be biased and the author uses an IV in the baseline?
▶ To explain the tradeoff, I will briefly cover Knittel (2012) "Automobiles on Steroids" AER
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Knittel (2012) AER
Technology improvement + attribute tradeoffs (mpg v. performance): Observations

▶ For vehicles with the same weight, their fuel economy improved from 1980 to 2006
▶ For vehicles with the same horsepower, their fuel economy improved from 1980 to 2006
▶ For vehicles within the same model year (roughly the same technological frontier), there is a

negative tradeoff between fuel economy and other desirable attributes (informally called
performance)
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Knittel (2012) AER
Technology improvement + attribute tradeoffs (mpg v. performance): Estimation

▶ If we consider marginal cost mcit = c(mpgit , weightit , horsepowerit , torqueit , Xit , t) takes a
Cobb-Douglas form, we can estimate a trans-log regression

▶ Regression: ln mpgit = Tt + β1 ln wit + β2 ln hpit + β3 ln tqit + Xitγ + εit
▶ Year FE measures the market-level frontier (technological improvement over time)
▶ The βs will measure the tradeoff ratio (% to %)
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Knittel (2012) AER
Technology improvement + attribute tradeoffs: Estimation

Left: Tradeoffs β̂s Right: Frontier as in T̂t
(negative relations) (improvements over time)

▶ Later people estimate product-specific frontier using product-by-model year FE (see Klier & Linn (2016) JPubE)
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West et al. (2016) JPubE: VM(not)T
Express the elasticity of total fuel use (gallon) to energy efficiency (mpg)

Egallon,mpg = −1 + −Evmt,dpm︸ ︷︷ ︸
direct rebound elasticity (+)

+
1

gallon
·

∂VMT
∂X

·
∂X

∂mpg︸ ︷︷ ︸
attribute tradeoffs (-)

(1)

▶ Case 1: No rebound effect, no tradeoff:
Then 10% improvement in fuel economy will imply 10%
reduction in fuel consumption

▶ Case 2: 10% rebound effect, no tradeoff:
Then 10% improvement in fuel economy will imply 9%
reduction in fuel consumption
Mechanism:
Demand curve of VMT to dpm is downward sloping

▶ Case 3: Some tradeoff.
Typically dX/dmpg < 0 and dVMT/dX > 0.
This may cancel out the rebound effect!
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West et al. (2016) JPubE: VM(not)T
Derive Egallon,mpg as in Eq (1)

Egallon,mpg = −1 + −Evmt,dpm︸ ︷︷ ︸
direct rebound elasticity (+)

+
1

gallon
·

∂VMT
∂X

·
∂X

∂mpg︸ ︷︷ ︸
attribute tradeoffs (-)

(1)

▶ Total fuel consumption: gallon = VMT · gpm ≡ VMT · 1
mpg

▶ Demand of VMT: VMT = f (dpm, X , W )
where X is attribute such as horsepower, dpm = fp

mpg , W is exogenous demographics

▶ Total fuel consumption: gallon = VMT (dpm, X , W ) · 1
mpg

∂gallon
∂mpg

=
[

∂VMT
∂dpm

∂dpm
∂mpg

+
∂VMT

∂X
∂X

∂mpg

]
·

1
mpg

+ VMT · (−
1

mpg2 )

=
[

∂VMT
∂dpm

(−
fp

mpg2 ) +
∂VMT

∂X
∂X

∂mpg

]
·

1
mpg

+ VMT · (−
1

mpg2 )

∂gallon
∂mpg

mpg
gallon

= −
∂VMT
∂dpm

·
fp

mpg2 · gallon
+

∂VMT
∂X

∂X
∂mpg

·
1

gallon
− VMT ·

gallon
mpg

= −
∂VMT
∂dpm

·
fp

mpg
·

1
mpg · gallon

+
∂VMT

∂X
∂X

∂mpg
·

1
gallon

− VMT ·
1

VMT

= −
∂VMT
∂dpm

·
dpm
VMT

+
∂VMT

∂X
∂X

∂mpg
·

1
gallon

− VMT ·
1

VMT

Egallon,mpg = −Evmt,dpm +
∂VMT

∂X
∂X

∂mpg
·

1
gallon

− 1
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West et al. (2016) JPubE: VM(not)T
Derive Egallon,mpg as in Eq (1): Further derivations...

Egallon,mpg = −1 + −Evmt,dpm︸ ︷︷ ︸
direct rebound elasticity (+)

+
1

gallon
·

∂VMT
∂X

·
∂X

∂mpg︸ ︷︷ ︸
attribute tradeoffs (-)

(1)

Note that the 3rd tradeoff term can be further simplified:

1
gallon

·
∂VMT

∂X
·

∂X
∂mpg

=
mpg
VMT

·
∂VMT

∂X
·

∂X
∂mpg

=
mpg
VMT

·
X
X

·
∂VMT

∂X
·

∂X
∂mpg

=
X

VMT
·

mpg
X

·
∂VMT

∂X
·

∂X
∂mpg

=
[

∂VMT
∂X

·
X

VMT

]
·
[

∂X
∂mpg

·
mpg

X

]
= Evmt,x · Ex,mpg

We can further write Eq (1) as:

Egallon,mpg = −1 + −Evmt,dpm︸ ︷︷ ︸
direct rebound elasticity (+)

+ Evmt,x · Ex,mpg︸ ︷︷ ︸
attribute tradeoffs (-)

(1’)

▶ If either or both elasticities Evmt,x and Ex,mpg are sizable
▶ The attribute tradeoff terms may be sizable enough to cancel out the direct rebound elasticity
▶ Note: Tradeoff elasticities Ex,mpg are the reverse of the βs estimated in Knittel (2012) AER
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Express Elasticity Egallon,mpg
Piecing everything together

Re-write West et al. (2016) Eq (1) into Eq (1’) below:

Egallon,mpg = −1 + −Evmt,dpm︸ ︷︷ ︸
direct rebound elasticity (+)

+ Evmt,x · Ex,mpg︸ ︷︷ ︸
attribute tradeoffs (-)

(1’)

▶ Case 1: No rebound effect, no tradeoff:
Then 10% improvement in fuel economy will imply 10%
reduction in fuel consumption

▶ Case 2: 10% rebound effect, no tradeoff:
Then 10% improvement in fuel economy will imply 9%
reduction in fuel consumption
Mechanism: Demand curve of VMT to dpm is downward
sloping
Size: The horizontal movement ∆VMT% from A to B depends
on rebound elasticity Evmt,dpm

▶ Case 3: Tradeoff between mpg and performance X
Size: The horizontal shift ∆VMT% from B to C depends on
two elasticities Evmt,x and Ex,mpg
This may cancel out the rebound effect!
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Implications on Energy Efficiency Policies
1. Price-based policy vs. Energy efficiency standard

Re-write West et al. (2016) Eq (1) into Eq (1’) below:

Egallon,mpg = −1 + −Evmt,dpm︸ ︷︷ ︸
direct rebound elasticity (+)

+ Evmt,x · Ex,mpg︸ ︷︷ ︸
attribute tradeoffs (-)

(1’)

Consider two types of energy efficiency policies targeting $-per-mile: dpm ≡ fp
mpg

Evaluate their effectiveness as corrective policies:

▶ Case 1: Fuel tax: Only rebound channel
▶ Case 2: Fuel economy standard: Both rebound + attribute tradeoff channels
▶ This is one of a rare mechanisms that fuel economy standard (a second-best approxy) can

be more effective in correcting energy consumption than a first-best instrument (aka a price
directly on energy consumption such as a fuel tax)

▶ Still, effectiveness ̸= efficiency
As efficiency needs to account for private welfare as well. There can be surplus reduction
for foregone improvements in performance
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Implications on Energy Efficiency Policies
2. Modern attribute-based standard

There is a case when attribute adjustment exacerbates the direct rebound

Egallon,mpg = −1 + −Evmt,dpm︸ ︷︷ ︸
direct rebound elasticity (+)

+ Evmt,x · Ex,mpg︸ ︷︷ ︸
attribute bunching (+)

(1’)

▶ Since 2010s-ish, most standards became
attribute-based

▶ E.g., a lower MPG requirement for larger vehicle
▶ On the margin near a threshold, carmakers have

incentive to increase (not decrease) weight
▶ This is known as a weight or footprint-bunching

loophole
▶ In this case, on those margins, the EE policy would

further undermine the effectiveness of EE policy
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West et al. (2017)
Cash for Clunkers (CfC) in 2009

▶ Official name: Car Allowance Rebate System (CARS),
Establish by: Consumer Assistance to Recycle and Save (CARS) Act of 2009

▶ Program: July 2009 - August 2009
▶ A large scrappage incentive program packaged into a stimulus program for the Auto industry
▶ Rebate: $3500 to $4500 cash
▶ Eligibility:

Clunkers: (i) mpg ≤ 18, (ii) vintage ≤ 25 years
New car: (i) mpg ≥ 22, (ii) price $45k
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Empirical Strategy: A RD Design
Goal: Study Eq (1’): Egallon,mpg = −1 + (−Evmt,dpm) + Evmt,x · Ex,mpg

For each household i , authors estimate Eq (2) in cross-sectional data:
Yi = β0 + β1 · f (distance-to-cutoffi ) · 1{eligiblei = 1} (2)

+ β2 · f (distance-to-cutoffi ) · 1{eligiblei = 0}
+ β3 · 1{eligiblei = 1} + εi

▶ Outcome Yi :
▶ To study ∆mpg%: New car mpg
▶ To study Evmt,dpm and Evmt,x : VMT
▶ To study Ex,mpg : Curb weight, performance (hp/weight), MRSP
▶ Other vars: 1{Buy a new vehicle}

▶ Running variable: MPG of the clunkers
▶ Key identification: no manipulation in mpg of the clunkers’ eligibility

▶ β3: key parameters of interest
▶ β1 and β2: allow for RKD and other slopes & curvatures
▶ Key data effort:

▶ Eligibility indicator: linking all vehicles for a household using the Texas DMV vehicle registration
▶ VMT: vehicle smog test odometer readings
▶ MPG and attributes: EPA MPG ratings and VIN-decoder
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Results
1. Prob{Buy a new vehicle} and baseline time window
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Results
2. Effect of CfC on New Vehicles: MPG (↑) vs other attributes ↓

▶ Fuel economy (MPG):
We observe ∆mpg% > 0 on the
margin

▶ Performance X:
We observe ∆X% < 0 on the margin
Consistent with Ex,mpg < 0
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Results
2. Effect of CfC on New Vehicles: MPG (↑) vs other attributes ↓
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Results
2. Effect of CfC on VMT (↓)

Consider Eq(1’): Egallon,mpg = −1 + (−Evmt,dpm) + Evmt,x · Ex,mpg

▶ Directly effect ( dVMT
dmpg ) is slightly weaker than indirect effect ( dVMT

dX · dX
dmpg )

▶ Net effect: Barely eligible HH drive a bit less than barely ineligible HH
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Results
3. Effect of CfC on total fuel consumption (↓)

Consider Eq(1’): Egallon,mpg = −1 + (−Evmt,dpm) + Evmt,x · Ex,mpg

▶ Directly effect (−Evmt,dpm) is slightly weaker than indirect effect (Evmt,x · Ex,mpg )
▶ Net effect: Barely eligible HH consume a bit less fuel than barely ineligible HH
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Results + Discuss Mechanisms
2-3. Effect of CfC on VMT (↓) and total fuel consumption (↓)

Discuss: Egallon,mpg = −1 + (−Evmt,dpm) + Evmt,x · Ex,mpg

▶ Why do we observe a reserve rebound?
▶ Is this because Ex,mpg is really sizable? Or is it because Evmt,x is very sizable? Or both?
▶ Those are questions for future work
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