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Motivation - Who Benefits from EVs?

- EV can reduce local pollutants from on-road transportation: tailpipe emissions ↓.

- Equity and Environmental justice concern: Do EV adoption and policies mostly
benefit the rich?

- Higher-income and less polluted neighborhoods adopt more EVs (Jacqz and Johnston,
2024); top income quintile received about 80% of all EV credits (Borenstein and Davis,
2024).

- New perspective: Who owns EVs ̸= Who receives the benefits.
- Vehicles move → spatial spillover effects.
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Research Questions and Preview
- Question 1: How to measure very localized EV environmental benefits?

- Real-time EV route data is difficult to access.

- This paper provides a model-based approach: demand model + simulated routes.

- Question 2: How are the environmental benefits from EV driving spatially
distributed in CA?

- Higher-income communities benefit more.
- However, positive spillover effects to lower-income communities.

- Question 3: Do investments in public charging infrastructure work better than
purchase subsidies?

- More cost-effectively in generating environmental benefits; More equitable.

Research Question Empirical Evidence Model Environmental Benefits Counterfactual Analysis Conclusion
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Empirical Methods and Data

Research Question Empirical Evidence Model Environmental Benefits Counterfactual Analysis Conclusion



Intuition of the Method

- Consider pollution from trip A to B:
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Intuition of the Method

3. A Nested and Sequential Demand Model: back out and combine the two
probabilities. Model Structure

- Pr(EVDriving
AB | EVA) is a function of:

NstationA, NstationB.
- Pr(EVA) is a function of:

Pr(EVDriving
AB | EVA)︸ ︷︷ ︸

Inclusive value

, Subsidies.

- Intuition: more likely to adopt EV if
expect to use it more.
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Intuition of the Method

4. The role of policies.

- Pr(EVDriving
AB ) = Pr(EVA) · Pr(EVDriving

AB | EVA)

is a function of: Subsidies,NstationA, NstationB .

5 / 15



Intuition of the Method

4. The role of policies.

- Pr(EVDriving
AB ) = Pr(EVA) · Pr(EVDriving

AB | EVA)

is a function of: Subsidies,NstationA︸ ︷︷ ︸
Conventional framework

, NstationB︸ ︷︷ ︸
New!

.
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Data

- Individual data on EV adoption and usage behaviors in CA.
- 2017 National Household Travel Survey + Spatial data supplementary.
- Vehicle Portfolio (vehicles to own)
- Trip diary (which vehicle to drive for a specific trip).

- Aggregate data on the automobile market in CA.
- Quarterly, MSA level new vehicle sales from 2016 to 2019, from IHS Automotive.

(market-share data)
- Vehicle attributes from Wards Automotive and manually collected from EPA.
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Spatial Distribution of Environmental Benefits

Research Question Empirical Evidence Model Environmental Benefits Counterfactual Analysis Conclusion



Environmental Benefits of A Single Trip

- Model: P̂r(EVDriving
AB ).

- Google Map: Route AB.

- Overlap with specific areas:
EV mileage = length of overlaid road
segment.
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Total Environmental Benefits

- Simulation:
- Millions of routes from

commuting matrix based on
Census Transportation Planning
Products.

- Aggregation:
- Total EV mileage traveling through

census tract.

- Assumption:
- EBc = ρ · Total EV mileagec
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Inequality of Environmental Benefits across Census Tract

- Estimate the relationship between census tract-level low-income share and:
(1) EV share; (2) Model-based EB measures.

- Slope =⇒ Inequality

- Slope =⇒ Inequality
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Inequality of Environmental Benefits across Census Tract

Spatial Distribution

- Slope =⇒ Inequality

- Local EV share:
Higher-income communities buy
more EVs (Jacqz and Johnston,
2024).
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Inequality of Environmental Benefits across Census Tract

Spatial Distribution

- Slope =⇒ Inequality

- Model-based environmental
benefits:
Positive environmental spillover

- Key results:
The wealthiest 20% of zipcodes
receive 30% of the environmental
benefits but purchase 60% of the
electric vehicles.
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Counterfactual Experiments

- Question: What would have happened if purchase subsidies were invested in
charging infrastructure?

- Step 1: Remove federal and local purchase subsidies. EV subsidy by group

- Step 2: Use the same financial expenditure to fund new charging stations.

- Scenarios:
- Scenarios 1: Deploy evenly across space.
- Scenarios 2: Deploy based on population density.
- Scenarios 3: Deploy disproportionately (50%) to disadvantaged communities

(DAC).

Intuition: Subsidy Intuition: Station Charging infrastructure Counterfactual Algorithm
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Counterfactual Outcomes - Efficiency

- Environmental benefits: Pr(EVDriving) = Pr(EV)︸ ︷︷ ︸
adoption

·Pr(EVDriving | EV)︸ ︷︷ ︸
usage

- Add charging stations
outperform purchase subsidies.

- Deploying based on Pop density
is the most efficient.

- Larger effects on environmental
benefits.
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Counterfactual Outcomes - Inequality

Charging infrastructure

- Slope =⇒ Inequality

- New charging stations
targeting to DAC reduce the
slope by nearly 1/3.

- Charging station policies
could be more equitable.
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Counterfactual Station Policies - Efficiency Equity Trade-off

- Slope =⇒ Inequality
Level =⇒ Efficiency

- Comparison 1: Trade-off

- Comparison 2: no Trade-off
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Decompose Effects of New Station Policies

- A simple framework: for environmental benefits in DAC.
EBDAC = EBO∈DAC + EBO/∈nonDAC

= Pr(EVO∈DAC) · Pr(EVDriving
O∈DAC | EV) + Pr(EVO/∈DAC) · Pr(EVDriving

O/∈DAC | EV)

- Decomposition

DAC Non-DAC Relative to Baseline

Panel A: by Trip Origin
Origin from 45.9% 3.3
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= Pr(EVO∈DAC) · Pr(EVDriving
O∈DAC | EV) + Pr(EVO/∈DAC) · Pr(EVDriving

O/∈DAC | EV)

- Decomposition

DAC Non-DAC Relative to Baseline

Panel A: by Trip Origin
Origin from 45.9% 54.1% 3.3

Panel B: by Adoption and Usage
Pr(EV) 68.9% 26.3%
Pr(EVDriving | EV) 31.1% 73.7%
Total 100.0% 100.0%
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Conclusion
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Conclusion
- Key results:

- Spatial spillover effects could make EV policies less regressive.
- Public funding might go further if invested in charging infrastructure than in

purchase subsidies.

- A new method: Structural model + transportation big data.
=⇒ Extrapolate unobserved route data.

- A new perspective: Who receives the environmental benefits ̸= Who adopts EV.
=⇒ Add spatial dimension to the EV literature.

Literature Research Question Model Environmental Benefits Counterfactual Analysis Conclusion
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- Thank you!
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Model Results
- A 10% expansion in charging network:

=⇒ ↑ the probability of driving EV by 3.8%;
=⇒ ↑ the benefits of “having an EV” by 3.5%;
=⇒ ↑ EV stocks by 5%.

- Heterogeneity in price elasticity of demand;
Average elasticity ≈ -3; Consistent with previous studies.

- Consumer surplus.
Lifetime (10-15 years) value from driving is about $32441.

- Model fit: model predicts well the magnitude and heterogeneity of EV adoption.
Model Fit - Income Model Fit - Racial Model Fit - CBSA Model Fit - Out Sample
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A Nested and Sequential Demand Model
- Stage 1: Vehicle Portfolio Evidence

{∅}, {EV}, {ICE}, {EV, ICE}, {ICE, ICE},
{EV, ICE, ICE}, {ICE, ICE, ICE}.
Model yields: Pri(EVA).

- Stage 2: Vehicle Purchase
e.g. {Nissan Leaf, Toyota Camry}
or {Tesla Model 3, Chevrolet Equinox}?

- Stage 3: Vehicle Usage Evidence

e.g. {Nissan Leaf, Toyota Camry}, which one
to drive?
Model yields: Pri(EVDriving

AB | EVA).
Intuition Solving Model S2&3 Solving Model S1
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Challenge
- If we want to simulate the effect of public charging stations:

- Too many parameters to be
estimated...

- Existing literature assumes
zero off-diagonal elements.

- I explicitly model the EV
usage problem as a function
of spatial charging networks.

15 / 15



Evidence - It Is Important to Model Multiple Vehicles

- 89% (65%) of EV (non-EV)
households have more than
one vehicle.

- Implications:
EVs are less likely to serve as
the first and only vehicle.

Model Structure
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Evidence - Public Charging Accessibility Promotes EV Usage

- The probability of EV usage
increases with the number of
public chargers available at
the destination.

- Implications:
The probability of driving is a
function of charging networks.

Model Structure
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Simulated Effects of EV Purchase Subsidies by Income Group
- Difference between: data and No purchase subsidies scenarios.

- Subsidies are most effective
for middle-income households.

- Implications:
HHs buy an EV if:

(1) Have one ICE, want to buy
the second vehicle.

(2) Have two ICEs, want to
replace one.

Why a multiple-vehicle model.

Counterfactual Scenarios Decompose Choice Probability
15 / 15



Intuition - Purchase Subsidy
- Purchase subsidy.

- e.g. EV purchasing subsidy in area A

- “Direct” effect:

=⇒ 1. EV cheaper in A;

=⇒ 2. EV adoption in A ↑;

=⇒ 3. Pr(EVA) ↑;

=⇒ 4. Pr(EVDriving
AB ) ↑;

=⇒ 5. EB ↑ in A,B,C;
Counterfactual Scenarios
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Intuition - Station Policy
- Charging Infrastructure.

- e.g. investing in charging
infrastructure in area B

- “Indirect” effect:

=⇒ 1. More EV usage in route A,B;

=⇒ 2. Pr(EVDriving
AB | EVA) ↑ ;

=⇒ 3. EV usage value in A ↑;

=⇒ 4. Pr(EVDriving
AB ) ↑;

=⇒ 5. EB ↑ in A,B,C;
Counterfactual Scenarios
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Literature
1. Environmental benefits of EV (Graff-Zivin et al., 2014; Holland et al., 2016; 2019;

Nehiba, 2024): This study focuses on
- (1) Emission from driving instead of electricity grid;
- (2) Local pollutant instead of Greenhouse Gas;
- (3) Higher geo-resolution.

2. EV literature with industrial organization framework (Beresteanu and Li, 2011; Li
et al., 2017; Springer, 2021, Muehlegger and Rapson, 2023; Shaldon, 2022): This
study extends the demand-side analysis by

- (1) Multiple Vehicles and more realistic substitution patterns.
- (2) Spatial Dimension.
- (3) Studying the effect of charging network on travel.

3. Urban transportation (Redding and Turner, 2015) and pollution (Currie and
Walker, 2011; Jacobsen et al., 2023): This study shows

- (1) Travel route matters and measure it using Google Map.
Introduction Conclusion 15 / 15



Solving Model Stage-by-Stage

- Stage 3: Vehicle Usage Vehicle Usage Problem

- Vehicle-trip matching problem + Individual data.
- Model yields:

- Pri(EVDriving
AB | EVA).

- Stage 2: Vehicle Purchase
- Discrete choice problem + market share data.
- Random coefficients, demographic heterogeneity. (BLP)

Model Structure
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Solving Model Stage-by-Stage

- Stage 1: Vehicle Portfolio Vehicle Portfolio Problem

- Why do I prefer {EV, ICE} than {ICE}?
- Costs: pay for a new car.
- Benefits: gain availability and flexibility

- The value from a portfolio, e.g. {EV, ICE}, are decomposed into:
- Stage 2: Inclusive value of “Attribute-adjusted price” −→ Costs.
- Stage 3: Inclusive value of ”having an EV” −→ Benefits.

- Model yields:
- Pri(EVA).

Model Structure
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Model - Vehicle Usage Problem
- Given vehicle portfolio Si, household i’s utility from trip d using vehicle v

max
v∈Si

Uidv = F
(

FuelCostidv,NstationO
id,NstationD

id,Purposeid,EVv, ...,
)
+ ε idv

- Mixed-logit model:
- Vehicle-trip matched data.
- Observed vehicle choice + MLE.

- Identification:
- Evidence - public charging

accessibility promotes EV usage.
- Model yields:

- Pri(EVDriving
AB | EVA).

Solving Model
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Model - Vehicle Portfolio Problem

- The utility for household i choosing
vehicle portfolio Si, eg., {2;EV, ICE}

max
{Si∈Si}

Vi(Si) = Ṽi(Si) + εi(Si)

Ṽi(Si) = λi(Si) + ρ1 · IVVi(Si) + ρ2 · IVUi(Si)

- IVU: Value of “able to choose” → Benefits of
“having an EV”.

- IVV: Attribute-adjusted price → Cost.
- εi(Si) is from T1EV distribution.
- λi(Si) is portfolio fixed effects.

Solving Model Portfolio Problem Math
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Model - Vehicle Portfolio Problem

- The utility for household i choosing vehicle portfolio Si, eg., {2;EV, ICE}

max
{Si∈Si}

Vi(Si) = Ṽi(Si) + εi(Si)

Ṽi(Si) = λi(Si) + ρ1 · IVVi(Si) + ρ2 · IVUi(Si)

IVVi(Si) = ∑
g∈Si

ϕT · IVVi(g)

- Parameter set ρ1, ρ2, ϕ}
- λi(Si) is fixed effects that capture utility not captured by either attribute and usage.
- Adjust dynamic value of IVV based on vehicle ages T using parameter ϕ. ϕ is estimated by

maximizing LR.
Vehicle Portfolio Problem
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Inequity Problem - EV Adoption
- Inequality of EV adoption

Figure: EV adoption in high- and low-income communities in CA
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Inequity Problem - Charging Network
- EV charging network is unevenly distributed.

Figure: Relationship between income and charging network deployment
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Insufficient Public Charging Infrastructure in US

- The number of charging ports is much smaller in the US than EU and China.
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What are “Charging Infrastructures”
- Infrastructure Investment and Jobs Act subsidies:

- $5 BN along highways, $2.5 BN in communities.
- Subsidies cover 80 percent of the private cost to build and install a new EV charger.

- Utilities (public or private), Automakers (Tesla), Charging Networks (EVgo, ChargePoint)...
- Curbside chargers of public utility (Left) or Chargers on alternative fuel corridors (Right)

EJ Results Counterfactual Scenarios
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Charging Rate Elasticity (Wang, companion paper)
- A price shock: from $0 to $0.23 per kWh
- A clear (re)scheduling behavior → public charging station matters
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Charging Rate Elasticity (Wang, companion paper)
- Very few fully charged events
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Survey Evidence 1

- Autolist’s survey was conducted between February and July 2023, and it surveyed
3,104 car shoppers using autolist.com and its iOS and Android app.
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Survey Evidence 2

- Source: Verra Mobility 2023

15 / 15



Survey Evidence 3

- Source: Idaho National Laboratory.
- Most EV owners charge at home. However, for owners who have access to both

home and workplace charging, 32-39% of them charge at the workplace.
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https://avt.inl.gov/sites/default/files/pdf/arra/PluggedInSummaryReport.pdf


Why California is a Good Context to Study
- EV share is high (2.5%, 2021): California has the greatest number of vehicles,

approximately 37% of vehicles nationwide (AFDC)
- The environmental benefits of EVs are high (Holland et al., 2016):

State EB, $/miles
California 1.856
Utah 0.726
Colorado 0.601
Arizona 0.593
Washington 0.577
Nevada 0.485
Oregon 0.432
New Mexico 0.347
Texas 0.337
Idaho 0.333
Wyoming 0.137 15 / 15



Stylized Facts
- Fact 3: Many higher-income HH drive to low-income areas

- Data: Commuting matrix from
Census Transportation Planning
Products (CTPP)

- The relationship between origin
and destination income level.

- The gradient of the O-D income
relation is much smaller than
one.

- Commuting flows and routes
matter.

Data Environmental Benefits
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Empirical Evidence

Research Question Empirical Evidence Model Environmental Benefits Counterfactual Analysis Conclusion



Why Model-Based Approach is An Improvement?
- Questions: Which measurements can better capture pollution reduction?

- Methods: Two-way fixed effects model; Monthly, Zipcode-level analysis.

log(Pollutionit) = β1 EVshareit + XitΓ + λi + ηt + ε it

log(Pollutionit) = β2 ModelBasedEBit + XitΓ + λi + ηt + ε it

- Standardize EVshare and ModelBasedEB.
- Compare β1 and β2.

- Data:
- US Environmental Protection Agency air pollution monitor data.
- Vehicle registration data from California Department of Energy.
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Why Model-Based Approach is An Improvement?

- EVshareit = #EV/#Veh
(existing approach)

- ModelBasedEBit =
model-based environmental
benefits (new approach)

- The EV share measurement is
biased as failing to capture
the spillover effects.

Environmental Benefits
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Full Model
- The complication of the problem arises from combining stock and flow data.
- To close the model and calculate the full market equilibrium, need to specify the

used car market (Bento et al., 2009)
- The full mean utility equation for the new vehicle market.

δj = Xj β̄ − ᾱ ln(pj) + κ 1(gi ∈ EV) + ξj

- Different from BLP and nested Logit model, κ is assumed to be identified from the
portfolio problem (stock data).

- Used vehicle market is described by a reduced-form function U(·) that maps from
EV share in new vehicle sales (sg) and in vehicle stock (Ag). Eg, in 2023, sEV
≈ 10%,AEV ≈ 2%.

sg = U
(

Ag ; Q̄new, Q̄used
)
, g ∈ {EV, ICE}

Vehicle Portfolio Problem
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Model - Vehicle Usage Problem
- Given vehicle portfolio Si, household i’s utility from trip d using vehicle v
max
v∈Si

Uidv = γ0v + ∑
l∈{O,D}

Cidv
(
Ψl

iv,Nstationl
id,Purposeid

)
+ γ1v · Distanceid

+ γ2v · Purposeid + FuelCostidv + Xidv · Γv + ε idv

- Heterogeneous parameters
γkv = γ̄k + γk · 1v(EV) , Γv = Γ̄ + Γ · 1v(EV)

- Charging conveniences function
Cidv

(
·
)
= Ψl

1,iv Nstationl
id + Ψl

2,ivNstationl
id × Purposeid

- Heterogeneous parameters

Ψl
iv = (ψ̄l +

R
∑
r=1

zirψ
l
r + vl

i ψu) · 1v(EV)

Vehicle Usage Problem 15 / 15



Model - Vehicle Usage Problem
- The inclusive value of use (IVU) (Barwick et al., 2022) is,

IVUi(Si) =


ED(d)

(
Iid(Si)

)
if Si ∈ Si

ED(d)EG(S̃i|S̃i)

(
Iid(S̃i)

)
if S̃i /∈ Si

- where,
Iid(Si) = Eϵidv

(
max
v∈Si

Uidv
)

Iid(S̃i) = Eϵidv

(
max
v∈S̃i

Uidv
)

- E(·) is calculated over (1) trip distribution (2) potential vehicle portfolios
(matched neighbors)

Vehicle Usage Problem
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Model - Vehicle Model Choice Problem (BLP)

Vehicle Portfolio Problem
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Model - Vehicle Model Choice Problem (BLP)
- For HH i with demographic zir and vehicle model j,

uij = δj + µij + ϵij
δj = Xj β̄ − ᾱ log(pj) + ξj
αi = ᾱ + α1 · log(incomej) + σ · vi

µij = αilog(pj) +
K
∑
k=1

( R
∑
r=1

zirβkr + vik βu
k

)
- Aggregate demand

sj =
∫

Ωi

exp(δj + µij)
1 + ∑j′ exp(δj′ + µij′ )

dG(Ωi)

- The fuel-type-specific inclusive value of the vehicle group, eg., EV; Large ICE; Small ICE;

IVVim(g|zi) = Evi

{
ln
[

∑
j∈g

exp
(

δjm + µijm(zi)
)]}

, g = EV, ICE

Vehicle Portfolio Problem BLP Problem
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Results - Vehicle Usage Problem
Model Results
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Results - Vehicle Model Choice Problem (BLP)
Model Results
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Results - Vehicle Portfolio Problem

Model Results
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Model Fit - Within Sample
- Data vs Model: choice probability for each income group Model Results
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Model Fit - Within Sample
- Data vs Model: choice probability for each racial group Model Results
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Model Fit - Within Sample
- Data vs Model: choice probability for each CBSA Model Results
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Out-of-Sample Prediction

- For each out-of-sample year,
feed the model:

- Data on charging networks.
- Data on the new vehicle

market.

Model Results More EV Model EV Cheaper Counterfactual Algorithm
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Decompose Change in Choice Probability

- The impacts of eliminating EV
purchase subsidies

Effect of EV Adoption
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Analysis of the Model - Value Decomposition
Model Results
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Analysis of the Model - Model Results by Income Group
- Consumer surplus:

CS(y) = Ei∈y

{
1

M̄Ui

[
ln
(

∑
{Si∈Si}

exp(Ṽi(Si))
)]}

- Interpretation: lifetime (10-15 years) value from driving about $23244.42.
Model Results

15 / 15



Counterfactual Algorithm

- Step 0: New policies
- Step 1: Counterfactual changing networks and equilibrium vehicle price
- Step 2: Counterfactual IVV and IVU
- Step 3: Re-simulate counterfactual Portfolio Si (Adoption) and Pr(EVDriving

OD )

- Step 4: Re-simulate counterfactual EV route and environmental benefits

Model Fit -Out Sample

Counterfactural Scenarios
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EV Share in NHTS Data

Effect of EV Adoption
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Counterfactual Results - Welfare
CF EV Share

- Station Policy 1: proportional to the current charging network.
- Station Policy 2: based on population share.
- Station Policy 3: evenly.
- Station Policy 4: disproportionately to (DAC).
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Appendix - EV Exposure, LA
Environmental Benefits
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Appendix - Attribute Change Over Time, More EV Model
Model Fit -Out Sample
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Appendix - Attribute Change Over Time, Small Price Gap
Model Fit -Out Sample
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Appendix - Attribute Change Over Time, Higher EV Share
Model Fit -Out Sample
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Appendix - EJ Regression

Environmental Justice
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