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Abstract

The “energy efficiency gap” is a puzzle characterized by consumer under-investment in energy-

efficient products (e.g., hybrid vehicles), whose higher upfront cost is offset by future energy

savings. One common but empirically unsubstantiated explanation for the gap is that credit

constraints—prohibitively high borrowing costs or a lack of access to credit—hinder consumers’

ability to make energy efficiency investments. This paper provides the first direct evidence of the

relationship between credit constraints and fuel economy demand in the U.S. new vehicle market.

On average, increasing a consumer’s auto loan interest rate from 2% to 5% APR is associated

with a 0.09 MPG decrease in purchased fuel economy. For a typical auto loan, this corresponds

to $2,313 in additional interest paid, but only $97 in lifetime fuel cost savings lost. This disparity

calls into question the suggestion that credit constraints are a meaningful contributor to the

energy efficiency gap.
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1 Introduction

Embracing energy efficiency is widely believed to be essential to reduce greenhouse gas

emissions. Energy efficiency programs and technology are often regarded as a “win-win” for

consumers and the environment, the thinking being that consumers will simultaneously save

money from reduced energy expenditures and will use less energy. From this perspective,

consumer purchases of energy-efficient appliances, cars, and other durable goods should

be ubiquitous. Nevertheless, the apparent low uptake of these seemingly profitable energy

efficiency investments is a puzzle. People who drive a lot or expect to pay high gasoline

prices would likely save money in the long run if they invested in more fuel-efficient vehicles,

but they often instead purchase less expensive, less efficient alternatives. This behavior of

consumers foregoing energy efficiency investments that would eventually pay for themselves

is referred to broadly as the “energy efficiency gap” or “energy paradox” (Jaffe and Stavins,

1994).1 Part of the justification for regulations such as the Corporate Average Fuel Economy

(CAFE) standards is the existence of the energy efficiency gap; the regulations are purported

to both help the environment and save consumers money.

A large literature in economics studies the energy efficiency gap to identify its possible

causes and inform appropriate policy responses. One common explanation is that credit

constraints—a lack of access to credit or prohibitively high borrowing costs—deter consumer

investment in energy efficiency (Gerarden et al., 2017; Gillingham and Palmer, 2014).2 For

example, a fuel-inefficient car costs less to buy than a fuel-efficient car, all else equal, but

the inefficient car costs more to operate because it uses more fuel per mile driven.3 For a

credit-constrained buyer, purchasing a less efficient car at a cheaper price is similar to taking

out a loan from a bank—the buyer saves money today but pays “interest” in future years in
1More generally, the energy efficiency gap refers to the under-provision of profitable energy-saving technologies. This under-

provision could be due to either demand or supply-side factors (or both); this paper focuses on the demand side by investigating
consumer investment in fuel economy.

2Other common explanations for the energy efficiency gap include consumer undervaluation of future fuel cost savings (e.g.,
Busse et al., 2013; Allcott and Wozny, 2014; Sallee et al., 2016; Leard et al., 2021), information provision issues (e.g., Allcott
and Knittel, 2018), inattention (e.g., Allcott, 2011; Sallee, 2014), loss aversion (e.g., Greene, 2011), principal-agent problems
(e.g., Gillingham and Palmer, 2014; Blonz, 2019), and investment irreversibility (e.g., Metcalf and Hassett, 1999). See Gerarden
et al. (2017) or Allcott and Greenstone (2012) for recent reviews of research on the energy efficiency gap.

3Throughout the paper I refer to “cars” and “vehicles” interchangeably. In either case, I am referring to both passenger cars
(e.g., sedans, hatchbacks) and light trucks (e.g., sport utility vehicles, pickup trucks).
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the form of higher fuel expenditures. Given a finite budget constraint and a high price for a

loan, purchasing an inefficient vehicle could be rational for credit-constrained buyers.

Few empirical studies exist which either corroborate or refute the claim that credit con-

straints contribute to the energy efficiency gap. In their assessment of the energy efficiency

gap, Allcott and Greenstone (2012) state “[c]redit constraints are a frequently discussed in-

vestment inefficiency. Although we note the issue in theory, there is not much empirical

evidence in the context of energy efficiency, so we will not discuss it further.” Moreover,

the limited evidence that exists supporting credit constraints as a market barrier to energy

efficiency investments typically uses income as a proxy for credit constraints (e.g., Hausman,

1979) and predominantly concerns home energy retrofits (e.g., Ameli and Brandt, 2015;

Berry, 1984; Palmer et al., 2013) rather than energy-intensive durable goods like cars and

appliances. More recently, a working paper from Berkouwer and Dean (2019) used a ran-

domized controlled trial (RCT) to show that providing access to credit closes the energy

efficiency gap for adoption of energy-efficient cookstoves in Kenya. Though Berkouwer and

Dean focus on the developing world—a potential locus of future global energy demand—

the role that credit constraints play in the energy efficiency investment decisions for U.S.

consumers remains an open empirical question.

This paper documents the first evidence of a statistical relationship between credit con-

straints and demand for fuel economy in the U.S. new vehicle market. Given the substantial

carbon footprint of automobiles, the steadily growing volume of U.S. auto loan debt (CFPB,

2018), and the fact that most cars are purchased using loans (FED, 2016), this is an impor-

tant setting in which to quantify the effect of credit constraints on energy efficiency adoption.4

I use direct measures for credit constraints in the form of actual auto loan annual percentage

rates (APR) and buyer self-reported credit histories. This allows me to distinguish between

buyers with a low or high cost of credit and is an advantage over existing studies that use

income as an imperfect proxy for credit constraints.
4According to Experian Automotive, over 85% of new passenger vehicles are financed with a loan or lease, and the average

amount financed as of Q4 2020 was $35,228.
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I first perform a simple calculation of the “break-even” auto loan APR that makes investing

in additional fuel efficiency financially profitable for consumers. I show that this break-

even APR is often well above the auto loan rate obtained by consumers, and that even

under conservative assumptions, a large percentage of consumers would likely profit from

purchasing more fuel-efficient cars. I take these break-even APR calculations as suggestive

evidence of an energy efficiency gap in the U.S. new vehicle market. Many buyers are leaving

money on the table by not investing in more fuel economy. Buyers whose break-even APR

lies above their actual APR would save an average of $809 in discounted lifetime fuel costs

by purchasing an additional mile per gallon of fuel economy.5 The question I then attempt

to answer is: to what extent are credit constraints contributing to this under-investment?

I use several different empirical specifications to estimate the relationship between credit

constraints and fuel efficiency choices made by new car buyers. I motivate the empirical

approach with a two-good consumer choice model described in the Appendix. The model

underscores the importance of using a direct measure of credit constraints rather than using

income as an imperfect proxy. I also perform two alternative tests for evidence of credit

constraints hindering fuel efficiency investment. First, I examine whether car buyers facing

high gasoline prices are more likely to purchase a fuel-efficient car if they are not credit-

constrained. Second, I estimate a linear probability model to examine the relative likelihood

of a credit-constrained buyer purchasing a hybrid vehicle as opposed to its gasoline-powered

equivalent.

The primary identification challenge in all of the empirical approaches is an omitted

variable problem—I cannot rule out the possibility that financially savvy consumers both

have good credit and purchase fuel-efficient cars. This makes causal identification of the

relationship between credit constraints and fuel efficiency investment difficult. I attempt to

correct any omitted variable bias using self-reported credit history as a proxy variable for

unobserved financial literacy, which may be correlated with both fuel efficiency choice and a

buyer’s auto loan interest rate.
5$809 represents net savings after accounting for the estimated cost of one mile per gallon of around $239.
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Two things are important to note regarding the potential existence of omitted variable

bias in the paper’s estimates, both of which I discuss further in Section 4. First, the bias

associated with omitted financial literacy is likely downward bias with respect to the relation-

ship between credit constraints and fuel economy choice. Because the expected relationship

between credit constraints and fuel economy choice is negative, estimates suffering from

downward bias would overstate (i.e., be more negative than) any true effect. Even with-

out correcting for any bias, the paper’s estimates are consistently negative and small in

magnitude, so the most likely source of bias does not materially affect the results. Second,

the estimates that include self-reported credit histories are consistent with the presence of

downward bias in that they remain negative and are smaller in magnitude than the original

estimates.

The paper’s results are among the first to document the role credit constraints may play

in the energy efficiency gap, and in particular are the first to do so in the important empirical

setting of the U.S. new vehicle market. The results tell a consistent story—credit constraints

are negatively associated with fuel economy choices in the U.S. new vehicle market, but the

magnitude of the relationship is small and cannot explain the energy efficiency gap. For

example, a 3 percentage point change in loan APR (e.g., going from a 2% to 5% APR

loan) is associated with only a 0.09 mile per gallon (MPG) decrease in the fuel economy of

vehicles consumers purchase. A change from 2% to 5% APR is economically meaningful—it

corresponds to a $2,313 increase in total interest paid for an average loan the sample, which

represents a 156% increase. However, the 0.09 MPG decrease is negligible and results in

an average increase of around $97 in discounted lifetime fuel costs. These results call into

question the suggestion that credit constraints explain the energy efficiency gap. At least

in the U.S. new vehicle market, it may not be appropriate to point to credit constraints as

an explanation for under-investment in energy efficiency or as justification for fuel economy

standards.
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2 Data

The primary data I use for this project have been generously provided by Resources for the

Future. The repeated cross-sectional data contain responses from a survey of new car buyers

conducted annually by MaritzCX, a market research firm. MaritzCX contacts millions of

new car buyers each year using vehicle registration records, and the survey is completed

either online or by mail. The survey has a response rate of roughly 9% and represents

approximately 0.5% of the new vehicle market, including purchases from all fifty states and

the District of Columbia (Leard et al., forthcoming). MaritzCX strives to make the survey

representative of the new vehicle market and thus tries to obtain survey responses for models

spanning the entire vehicle spectrum. The survey responses include information about the

vehicle purchased, transaction details (e.g., actual price paid, trade-in allowances), customer

demographic information (e.g., income, education level, age, household size, marital status),

and importantly, financing details (e.g., down payment amount, APR, loan length, self-

reported credit history). Throughout the paper I use inflation-adjusted real APR—Figure 1

shows the average monthly real APR for the sample period, along with the fifth and ninety-

fifth percentiles of the real APR distribution by month for the main regression sample that

I analyze.

I enrich the MaritzCX data with detailed trim-level vehicle characteristics from Wards

Automotive (e.g., MPG, weight, horsepower) and regional average gasoline prices from the

U.S. Energy Information Administration (EIA).6 The gasoline prices are at the Petroleum

Administration for Defense District (PADD) level.7 Figure 2 shows the monthly average

gasoline price variation by PADD. I use Edmunds.com and similar online sources to obtain

vehicle characteristics for any trims that are completely or partially missing from Wards. All
6The Wards data are matched to MaritzCX in two steps. First, the data are merged based on an exact match of vehicle

model year, make, model, fuel type, drive type, body style, and engine liters. This creates a one-to-many match of each
MaritzCX purchase to several Wards vehicle trims. I then perform a text-based comparison of the vehicle trims in MaritzCX
and Wards to reduce the dataset to a one-to-one match based on the trim that is most similar across datasets (e.g., this step
would match a MaritzCX purchase of the 2012 Ford Focus Titanium to the “Titanium” trim rather than to the “SE” or “SEL”
trim). Any purchase that has multiple trim-level “best matches” is assigned average values of Wards characteristics across the
matched trims.

7A map of the PADDs can be found here. I use monthly average gasoline prices from the five main PADD regions.
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dollar amounts in the paper have been converted to 2017 U.S. dollars using the historical

CPI-U from the U.S. Bureau of Labor Statistics.8

The merged MaritzCX/Wards data contain 1,813,684 new vehicle transactions from the

years 2009-2018. I drop 559,122 transactions that are labeled as leases or are missing the

lease/purchase indicator. I drop 697,212 purchases with incomplete loan information and

another 20,422 with missing purchase prices. After removing loan amount and price outliers

and purchases that are missing consumer demographic data, the main sample I analyze

contains 369,425 new vehicle purchases spanning October 2009 to September 2018. Summary

statistics are provided in Table 1.9

3 Suggestive Evidence of an Energy Efficiency Gap

This section provides some evidence that many consumers under-invest in fuel economy,

suggesting the existence of an energy efficiency gap in the U.S. new vehicle market.10 I

consider a new car buyer who is deciding whether to pay a bit more for an identical but

slightly more fuel-efficient car and calculate the buyer’s “break-even” loan APR. I define the

the “break-even” APR as that below which the buyer’s expected discounted lifetime fuel cost

savings from the fuel efficiency upgrade exceed the cost of borrowing the additional funds

necessary to purchase the more efficient car. Buyers who can obtain a loan for below this

break-even APR would presumably save money in the long run by investing in additional

fuel efficiency.11

I calculate the break-even APR for 328,873 new car purchases in my sample.12 To do

this, I consider each buyer’s decision of whether to invest in additional fuel efficiency. From
8https://www.bls.gov/cpi/tables/supplemental-files/historical-cpi-u-201905.pdf
9I also use several other supplementary data sources to provide suggestive evidence of an energy efficiency gap. I discuss

these data sources in Section 3.
10The existence of an energy efficiency gap, as well as its magnitude, has been debated by economists (see, for example,

Allcott and Greenstone (2012)).
11I am assuming that a buyer’s auto loan APR is the relevant cost of borrowing the buyer considers when deciding whether

or not to borrow more money. It is possible that a buyer might have credit card debt or another source of debt that carries a
higher interest rate than the buyer’s auto loan APR, in which case it might not be optimal financially for the buyer to purchase
a more expensive car (i.e., it may be better for the buyer to borrow less money for a car and pay off their higher interest loan
instead). To address this limitation, I assume a larger discount factor of 10% for all consumers in some of my calculations,
which is much higher than the typical auto loan rate in the sample and approximates a higher implicit cost of borrowing.

12I restrict the break-even APR calculations to transactions with auto loan lengths of 2, 3, 4, 5, 6, or 7 years for computational
simplicity. This subset of transactions represents nearly 90% of my main regression sample.
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a purely financial perspective, the buyer should be willing to pay for a slightly more efficient

car if the discounted expected fuel cost savings resulting from the investment exceed the cost

of the investment (i.e., the total principal and interest paid for the loan). The buyer should

be willing to invest if the following inequality holds:

E

[
T∑
t=1

δt−1 · St

]
≥

L∑
t=1

δt−1 · 12 ·M (1)

In inequality (1), T is the length of ownership of the car in years;13 St is the annual fuel

cost savings from the increased fuel efficiency in year t; L is the length of the loan used to

purchase the car (in years); M is the monthly payment amount on the loan (in dollars);14 δ

is the buyer’s discount factor. Inequality (1) importantly allows for fuel cost savings to be

enjoyed beyond the length of the loan. For instance, a buyer might have a five year loan for

their car but may own the car for 10 years, so the fuel cost savings enjoyed by purchasing

additional fuel efficiency may extend well beyond the loan repayment period.

To calculate M , I need the cost of the incremental fuel efficiency since this cost is the

principal amount borrowed for the right hand side of inequality (1). To obtain the cost of one

additional mile per gallon, I regress purchase prices from the MaritzCX survey on detailed ve-

hicle characteristics from Wards Automotive. These regression results are presented in Table

2. I use the estimate from column 5, which includes vehicle model year, month of purchase,

PADD region, and vehicle make fixed effects; on average, one additional mile per gallon costs

consumers $239.10. This cost is consistent with other studies in this literature. For instance,

Levinson and Sager (2020) estimate a marginal cost of fuel economy ranging from $110 to

$340, and Leard et al., (forthcoming) estimate an approximate consumer willingness-to-pay

of $631 for a 1-MPG improvement based on average characteristics in their sample.15 I take
13Not all buyers will own their vehicle for the vehicle’s entire useful life. If a buyer owns the vehicle for its entire useful life,

the vehicle is scrapped at t = T . If the buyer sells or trades in the vehicle prior to the end of its useful life, then the sale/trade-in
occurs at t = T and I assume that any expected future operating costs are fully capitalized into the used car sale price/trade-in
value.

14I use the industry standard levelized formula for monthly payments on auto loans. For an n-month loan, if p is the principal
borrowed and r is the APR, the monthly payment amount is

p· r
12

1−(1+ r
12

)−n
. To calculate each buyer’s break-even APR, I only

need to consider the additional amount borrowed to purchase more fuel economy—not the entire loan amount for the car.
15To arrive at $631, I divide the estimated consumer willingness-to-pay for a 1% increase in fuel economy from Leard et al.,

(forthcoming) ($134) by 1% of the mean fuel economy in their sample (23.9 MPG). I then adjust the result to 2017 USD.
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this estimate and plug it into the standard monthly payment formula for an auto loan. The

break-even APR equation is updated as follows:

E

[
T∑
t=1

δt−1 · St

]
=

L∑
t=1

δt−1 · 12 ·
239.10 · r

12

1− (1 + r
12
)−12·L

(2)

In equation (2), M is replaced by the monthly payment formula for an auto loan, and r

is the break-even APR. For each consumer’s break-even APR calculation, I use the actual

length of their loan (L in equation (2)).

I calculate St for each consumer by computing the difference between the expected dis-

counted lifetime fuel costs for the car they actually purchased and for a car that is 1-MPG

more efficient.16 First, I assume that the gasoline price from the month in which the buyer

purchased the vehicle remains constant for the life of the vehicle.17 Second, I assume there

is no rebound effect associated with the purchase of additional fuel efficiency.18 Third, I

use vehicle miles traveled (VMT) and scrappage probability schedules for each vehicle to

compute expected miles driven over the vehicle’s life. The VMT and scrappage schedules

are taken from Leard et al. (2019). The VMT schedules are estimated from 2017 National

Household Travel Survey (NHTS) data and are dis-aggregated by driver income, age, and

urban/rural status, and by car versus light truck.19 The scrappage schedules are estimated

separately for cars and light trucks using R.L. Polk vehicle registration data from 2002-2014.

The scrappage likelihood increases with vehicle age, rising to 100% at 35 years for cars and

at 40 years for light trucks.20
16The average expected discounted lifetime fuel costs for purchases in the MaritzCX sample are shown in Table 1.
17Assuming constant gasoline prices for calculation of future fuel costs is common in the literature—see, for example, Busse

et al. (2013). Also, evidence suggests that consumers believe future gasoline prices will not change from current prices (Allcott,
2011; Anderson et al., 2013).

18The rebound effect refers to energy savings lost due to increased energy use after obtaining an energy efficient good. For
example, if a consumer acquires a more fuel-efficient car, the consumer’s cost of driving (per mile) decreases, so they may drive
more as a result. Estimates of the magnitude of this effect vary in the literature, with the middle of the range at approximately
15% of energy savings lost due to rebound (Gillingham et al., 2016).

19MaritzCX asks buyers how many miles they expect to drive their new vehicle per year, so it is also possible to use these data
for the lifetime fuel cost calculations. However, MaritzCX only asks for one number (not a number for each year of ownership),
and VMT tends to decrease as a car ages. For lifetime fuel cost calculations, I prefer to use the NHTS-based VMT estimates
since they allow for more detailed approximation of VMT as vehicles age through the use of used car data in the survey.

2035-40 years may seem unrealistically long for the lifespan for a vehicle, but keep in mind that the probability of a vehicle
surviving to this age is very small per the scrappage schedules.
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I use two different assumed discount rates. I start with the average real loan APR within

the MaritzCX data for the month in which the vehicle was purchased. This approximates the

borrowing rate of the consumer, which would be a rational discount factor when considering

the trade-off between future fuel cost savings and additional auto loan debt. The average real

loan APR in the MaritzCX data is around 2%, so this a relatively small discount factor. As

a second alternative, I use a discount factor of 10% for all buyers.21 I obtain the break-even

APR for each consumer by solving equation (2) for r—the APR at which each consumer

should be willing to invest in one additional MPG of fuel efficiency.

Figure 3 plots two empirical cumulative distribution functions (CDF) of differences be-

tween the estimated break-even APR and the actual APR at which each consumer financed

their vehicle purchase.22 The portion of the CDF that lies above zero on the horizontal axis

represents consumers who—on a purely financial basis—are leaving money on the table by

not investing in more fuel efficiency. These consumers have a positive difference between

their break-even APR and the APR of the loan they actually obtained, meaning they could

profitably purchase an additional MPG of fuel efficiency at their current auto loan rate.

The CDFs in Figure 3 have striking implications. Aside from a small portion of buyers

whose break-even APR is at or below the actual APR they received on their loan (i.e., the

portion of the CDFs that lie below zero), the vast majority of car buyers have a substantial

difference between their actual APR and break-even APR. In fact, regardless of the discount

factor, for more than 90% of consumers in the sample, their break-even APR is higher than

their actual APR, and for most consumers the difference is much larger than prevailing auto

loan rates from the sample period. The median difference for the APR-based distribution

is around 70 percentage points, while the median difference for the more conservative 10%

discounting distribution is approximately 46 percentage points. Moreover, a substantial

share of buyers would financially benefit from accepting a loan at any APR, because their

payback period for the investment is less than one year.
2110% is considerably higher than the average real APR in the sample, so this alternative discount rate accounts for the

possibility that consumers have high discount rates.
22The two CDFs represent the real APR-based discount factor and the 10% discount factor calculations, respectively.
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The fuel cost savings that consumers would enjoy from purchasing an additional MPG of

fuel economy are non-trivial. Assuming constant gasoline prices and no changes to VMT,

consumers whose break-even APR lies above their actual loan APR would save an average

of $1,048 in discounted lifetime fuel costs by purchasing an additional MPG of fuel economy.

Based on the estimate that an additional MPG costs around $239, this yields an average

net savings of $809 per consumer, which represents a 3.6% reduction in discounted lifetime

fuel costs.23 Considering that more than 90% of consumers stand to gain from purchasing

an additional MPG based on Figure 3, the cumulative savings that consumers would enjoy

from investing in more fuel economy are substantial.24

It is important to point out that the situation described above—considering the purchase

of an otherwise identical car with 1-MPG higher fuel economy—is not something that con-

sumers realistically encounter. However, repeating this exercise using a larger fuel economy

upgrade and a higher upfront cost yields less extreme but similar results. Figure 4 plots

CDFs for a similar analysis that instead contemplates an 8.2-MPG increase at a cost of

$6,475.25 These numbers roughly represent the price and MPG increase associated with

upgrading from a gasoline-powered to hybrid vehicle.26 The 8.2-MPG upgrade at a cost

of $6,475 implies a higher price per MPG of over $750, and the CDFs in Figure 4 show

that many consumers have a break-even APR below zero in this scenario. This is in line

with what we should expect when a much larger upfront investment is required. However,

there is still a significant portion of the distribution of consumers whose break-even APR is

higher than their actual APR. Looking at the APR-based discount factor, around 35% of

consumers would still profit from purchasing the more efficient car. Even using the larger

10% discount factor suggests that nearly 20% of consumers would profit from making the
23The $809 net savings calculation uses the average monthly real APR in the sample as a discount factor. If you instead used

the larger 10 percent discount factor, average net savings would be $421, which still represents a 3.1% reduction in discounted
lifetime fuel costs.

24The rebound effect might erode some of these savings if consumers drive their more fuel-efficient cars farther, but even after
accounting for the rebound effect consumers would likely still be leaving considerable money on the table by not investing in
more fuel economy.

25I also repeat this exercise using the more conservative $631 from Leard et al., (forthcoming) as the cost for a 1-MPG
upgrade. The associated Figure A.1 is in the Appendix.

26Specifically, 8.2 MPG and $6,475 are the median MPG and manufacturer suggested retail price increase from the MaritzCX
sample of cars that contain an otherwise similar gasoline or hybrid “sibling.” I discuss these siblings in more detail in Section
4.4.
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fuel efficiency investment.27 Furthermore, using the sample’s average monthly real APR as

a discount factor, the estimated net savings on lifetime fuel costs for consumers who stand

to gain from upgrading to a hybrid are $3,539. This corresponds to a 15.9% reduction in

average lifetime fuel costs.28 Thus, while fewer consumers stand to benefit financially from

this sizable investment in fuel economy relative to a 1-MPG investment, the fuel cost savings

that would be enjoyed by the average consumer when upgrading to a hybrid are significantly

larger.

The substantial potential lifetime fuel cost savings and the large and persistent gap be-

tween available loan APRs and break-even APRs for many car buyers represent compelling

suggestive evidence of an energy efficiency gap in the new vehicle market. Even under the

conservative assumptions of widespread myopia or a large price premium for a fuel econ-

omy upgrade commensurate with switching from a gasoline-powered to hybrid vehicle, many

buyers are leaving money on the table by not purchasing more fuel-efficient vehicles. The

remainder of this paper empirically investigates the extent to which credit constraints con-

tribute to this under-investment in fuel economy.

4 Empirical Strategy and Results

Credit-constrained car buyers face higher total costs to purchase a fuel-efficient car relative

to less constrained buyers. As a result, they may not choose to purchase a fuel-efficient vehicle

if gasoline prices are sufficiently low or if they do not expect to drive enough to justify

the higher cost. I capture this intuition in a two-good model described in the Appendix.

The model illustrates the expected negative relationship between credit constraints and fuel

economy choice, and also underscores the idea that income alone may not be a sufficient proxy

for credit constraints when analyzing energy efficiency investment preferences. Indeed, it is
27It is worth noting that the revised calculations using the 8.2-MPG upgrade suggest that around 65% and 80% of buyers

would likely not profit from the upgrade, depending on the discount factor used. This is consistent with Levinson and Sager
(2020), who find that some demographic groups may over-invest in fuel efficiency. Nevertheless, regardless of the discount factor
used, many drivers stand to profit from upgrading their fuel efficiency.

28The corresponding net savings calculations using a 10 percent discount factor are $1,331, or a 9.8% reduction in average
lifetime fuel costs.
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possible for two consumers with identical incomes to choose different optimal levels of fuel

efficiency based on the degree to which they are credit-constrained.

In the sections that follow, I test the hypothesis that credit constraints inhibit investment

in fuel efficiency.29 The results have a common theme—as expected, the estimates consis-

tently show a negative relationship between credit constraints and the fuel economy of cars

people buy. However, the magnitude of these estimates is generally small—often effectively

zero—implying that credit constraints may suppress fuel economy investment, but not to a

degree that explains a meaningful portion of the energy efficiency gap.

4.1 Loan APR as a Measure of Credit Constraints

If credit constraints hinder investment in energy efficiency, buyers with higher financing

costs will purchase vehicles with lower fuel efficiency. I test this prediction with the following

regression:

MPGjirt = β0 + β1 · APRirt + β′2Xj + β′3Di + δt + γr + εjirt (3)

for vehicle j, consumer i, PADD region r, time t (month and year). In equation (3), X rep-

resents detailed vehicle characteristics (e.g., horsepower, weight, wheelbase), D represents

consumer demographic characteristics (e.g., income, education level, age), δ and γ represent

time (i.e., purchase month, purchase year, and model year) and region fixed effects, respec-

tively, and ε is an error term.30 The fixed effects account for time-specific shocks to vehicle

demand, market-wide changes in CAFE standards, seasonality of the new car market and

of gasoline prices, and regional differences in consumer preferences for fuel economy. The

primary coefficient of interest is β1, which represents the average change in fuel economy of a

car purchased for a corresponding 1 percentage point increase in real APR (e.g., going from

a 3% to 4% loan).
29Credit constraints typically come in two forms—a lack of access to necessary credit to finance present consumption with

resources to be received in the future, or having access to funds at an interest rate that increases in the amount borrowed
(Attanasio et al., 2008). Since I am studying buyers who obtained financing for their purchase, I will be focusing on the latter
form (though Attanasio et al. (2008) point out that the first form can be thought of as a special case of the second form in
which the interest rate becomes infinite after a certain amount borrowed).

30For robustness, I vary the time fixed effects used across the columns of my regression results tables.
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It is possible that an omitted variable may bias estimates of equation (3). For instance,

people who are financially literate may be more likely to think carefully about lifetime

operating costs of their car and thus might have higher demand for fuel efficiency. Those

same people may also qualify for lower auto loan interest rates than less financially literate

buyers. This type of omitted variable—one that is positively correlated with MPG and

negatively correlated with APR—would potentially create a downward bias in my estimates.

Since I expect the estimate of β1 to be negative, correcting this bias would likely result in

a revised estimate of β1 that is closer to zero. Thus, initial estimates of equation (3) may

actually overstate the influence of credit constraints on fuel economy decisions.

Table 3 presents ordinary least squares (OLS) estimates of equation (3). Column 1 con-

tains no fixed effects, while columns 2-6 use various combinations of the time and regional

fixed effects discussed above. Column 5 uses model year, month, and PADD region fixed

effects and is my preferred specification.31 The point estimate from column 5 implies that a

1 percentage point increase in real loan APR is associated with an average decrease of 0.0520

MPG of the car purchased by the buyer.

Considering that the average fuel economy in the sample is over 24 MPG, a 0.0520 MPG

decrease is essentially zero. On the other hand, a 1 percentage point change in real APR is

sizable—the average real APR in the sample is 1.928%, so a 1 percentage point increase is

more than 50% of the mean real APR. Consider a loan for the average amount and length

in the sample, about $28,700 over 5 years. An increase of the APR on that loan from 2%

to 3% results in $759.28 in additional interest, representing a 51% increase in interest paid

on the loan. Yet despite this significant change in financing charges, the average expected

lifetime fuel cost savings lost due to the corresponding reduced fuel economy investment is

only $56.32
31The point estimates for the coefficient on loan APR are consistent across columns 2-6—they are not sensitive to the choice

of fixed effects.
32The $56 calculation is based on the average change in discounted expected lifetime fuel costs for a consumer whose fuel

economy decreases by 0.0520 MPG relative to the vehicle they purchased. Similar calculations in other parts of the paper are
done the same way, just considering different MPG reductions.
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4.2 Self-Reported Credit History as a Proxy for Omitted Financial Literacy

People with bad or no credit history are more likely to have higher financing charges on

loans (conditional on being approved for a loan), which should in turn have a similar effect

on fuel efficiency investment as that of a high APR. The MaritzCX survey asks buyers to

report their credit history using one of four options: “perfect credit” (well-established credit

history with no late payments of any kind), “acceptable credit” (established credit with a few

late payments), “difficult credit” (established credit but previous problems make qualifying

for auto finance difficult), or “have little or no credit history.” Though it is a more coarse

measure than an actual credit score, self-reported credit history still allows me to distinguish

between credit-constrained and unconstrained buyers. The frequencies of each of the four

category responses are included in Table 1.33

I first regress real loan APR on self-reported credit history, loan details, and buyer

demographics—these results are shown in Table A.2 in the Appendix.34 The results in

columns 1 and 2 of Table A.2 demonstrate that the relationship between credit history and

APR is as one would expect. Buyers with bad credit have average APRs over 5 percentage

points higher than buyers with excellent credit, while buyers with no credit history get better

rates (2.4 percentage points higher than excellent credit buyers) and buyers with good credit

see even better rates, on average (1.4 percentage points higher than excellent credit buyers).

Next, I include both APR and self-reported credit history in the same regression and use

self-reported credit history as a proxy variable for omitted financial literacy. We know that

a proxy variable must satisfy two assumptions. First, the conditional mean of the dependent

variable must be unchanged when conditioning on the covariates, the proxy variable, and the

omitted variable or just on the covariates and the omitted variable.35 Second, the omitted

variable must not be correlated with any covariates after you partial out the proxy variable.

In the case of self-reported credit history, the first assumption seems reasonable since financial

literacy is likely a strong signal of creditworthiness. The second assumption is reasonable for
33Throughout the paper, I refer to the four credit history categories as excellent, good, bad, and no credit history.
34The “excellent” credit category is omitted so all estimates in Table A.2 are relative to a buyer with excellent credit.
35In other words, if y and x are the dependent/independent variables, q is the omitted variable, and z is the proxy variable,

we must have E(y|x, q, z) = E(y|x, q). See Wooldridge (2010) for additional information.
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most of the covariates in equation (3). While it may not be true for all covariates (e.g., income

may still be correlated with financial literacy after controlling for self-reported credit history),

the second assumption is reasonable for loan APR’s correlation with financial literacy. As

a result, using self-reported credit history as a proxy variable may improve estimates from

equation (3) but could still result in inconsistent estimates.

Table 4 reports results of the proxy variable regressions. Columns 1, 3, and 5 estimate

regressions without self-reported credit history, while columns 2, 4, and 6 repeat the previous

column’s regression with self-reported credit history included as a proxy variable.36 The

results in these pairs of columns are consistent across choice of fixed effects. Taking columns

5 and 6 as an example, notice how the inclusion of self-reported credit history results in the

point estimate for loan APR changing from -0.0517 MPG to -0.0287 MPG. This shift toward

zero aligns with the expected correction of downward bias discussed in Section 4.1.

To put this result into context, consider again a typical loan in the sample, around $28,700

over 5 years. Increasing this loan’s APR from 2% (close to the average real APR in the

sample) to 5% (more than one standard deviation from the average real APR) would result

in an additional $2,313 in interest charges.37 Yet despite this substantial increase in interest,

column 6 of Table 4 implies that the corresponding MPG decrease would be just 0.09 MPG.

Extrapolating this MPG decrease over the vehicle’s lifetime results in a $97 average increase

in discounted lifetime fuel costs.38

Thus, even a sizable change in loan APR is associated with an economically insignificant

change in fuel economy chosen by consumers, and this change has a negligible impact on

lifetime fuel costs.
36The regressions in columns 1, 3, and 5 of Table 4 are similar to the regressions in columns 2, 3, and 5 of Table 3, except

they are run on a sub-sample from the MaritzCX survey that contains self-reported credit history information.
37An APR shift of this size can be thought of as going from being unconstrained to credit-constrained—the $2,313 in additional

interest represents a 156% increase in interest charges over the life of a typical loan in the sample.
38For a 1 percentage point increase in loan APR, the corresponding decrease in fuel economy purchased of 0.0287 MPG results

in an average increase of $31 in discounted lifetime fuel costs.
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4.3 Heterogeneous Response to Gasoline Price Changes

The previous three sections examine a direct relationship between credit constraints and

fuel efficiency choices for new car buyers. In the next two sections, I present two alternative

approaches for assessing the role that credit constraints play in fuel efficiency investment

decisions.

First, I test whether credit-constrained buyers are less responsive to gasoline price fluctua-

tions than unconstrained buyers in regards to fuel economy choices. As described in Busse et

al. (2013), gasoline price changes should not necessarily affect demand for all cars uniformly.

If gasoline prices increase, for example, fuel-efficient cars become cheaper to operate relative

to less efficient alternatives, so one might expect to see demand for efficient cars rise and

demand for inefficient cars fall. Said another way, an increase in gasoline prices may result

in increased consumer demand for fuel efficiency, so in general there should be a positive

relationship between gasoline prices and the fuel economy of cars purchased.

One way to test for credit constraints hindering fuel economy investment is to see if

this positive relationship between gasoline prices and fuel economy choice is dampened for

credit-constrained buyers. Since credit-constrained buyers face higher upfront costs when

purchasing fuel-efficient cars, one might expect them to be less able to respond to gasoline

price changes relative to less constrained buyers. To test this, I regress the fuel efficiency of

vehicles consumers purchase on the gasoline price they faced gasoline price in the month of

purchase. I estimate this regression over five subsamples: one for each of the four quartiles

of the real APR distribution in my main sample, and one for buyers who indicated that they

paid with cash and did not use financing.39 The cash buyers can be thought of as not credit

constrained, since they are often paying large amounts upfront when purchasing their new

vehicle.40

Table 5 provides estimates of the gasoline price response regressions across the five sub-

samples. The first row of Table 5 shows the estimated MPG response of each subsample to
39I define the real APR quartiles by year. For example, the “Q1” group includes buyers who had the lowest real APRs among

consumers who purchased a vehicle in the same year.
40The average sale price for cash buyers in the sample is around $40,000.
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gasoline price increases. Taking column 1 as an example, for buyers in the lowest real APR

quartile (i.e., buyers with the lowest APRs), a $1 increase in gasoline prices corresponds

to a 1.866 MPG increase in average fuel economy purchased. As you move from columns

1 to 4, the magnitude of the estimated relationship between gasoline prices and purchased

fuel economy decreases, with the response getting as low as 0.757 MPG purchased in re-

sponse to a $1 increase in gasoline prices for buyers in the highest real APR quartile. This is

consistent with the idea that buyers who are more credit constrained are less responsive to

gasoline price changes; buyers with higher loan APRs face increased upfront costs and may

not be as willing or able to purchase additional fuel economy when facing higher gasoline

prices relative to buyers with lower APRs. Additionally, column 5 suggests that cash buyers

respond most similarly to buyers in the lowest quartile of the APR distribution; for cash

buyers, a $1 increase in gasoline prices is associated with an average of 1.635 additional MPG

purchased.41

Buyers in the highest APR quartile appear to be less than half as responsive as buyers in

the lowest APR quartile, but this difference does not explain much of the energy efficiency

gap for the new vehicle market. To see this, consider the second row of Table 5, which

computes the implied average increase in lifetime fuel costs that would occur if buyers in

each subsample drove the same number of miles but experienced a persistent $1 gasoline

price increase and increased their purchased fuel economy by the amount indicated in the

first row of the table.42 For example, buyers in the lowest APR quartile would experience an

average increase of $4,671 in discounted lifetime fuel costs in response to a persistent gasoline

price increase of $1 and an increase in fuel efficiency of their vehicle by 1.866 MPG. While

it is clear that credit-constrained buyers’ fuel costs are likely to increase by more ($6,273)

than unconstrained buyers ($4,671), the main takeaway from these figures is that no one is

responding much to gasoline price increases in terms of the fuel efficiency of cars they buy.
41The cash buyer regression in column 5 includes slightly fewer controls because the cash buyers do not provide loan attributes

(e.g., loan size, loan length) or self-reported credit history in the MartizCX survey. Full regression results for this analysis can
be found in Appendix Table A.4.

42I assume for simplicity that drivers will not change their driving behavior in response to gasoline price changes. However,
this is a reasonable assumption since demand for gasoline is estimated to be relatively inelastic, especially for consumers who
drive the most miles (Goetzke and Vance, 2021). See Lin and Prince (2013) and Goetzke and Vance (2021) for recent estimates
of U.S. gasoline price elasticity of demand.
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The average gasoline price in the sample is round $3 per gallon, so $1 represents a substantial

increase in gasoline prices. However, despite this substantial increase, lifetime fuel costs are

increasing by almost as much for all consumers—specifically, by around 21 percent for buyers

in the lowest APR quartile and 28 percent for buyers in the highest APR quartile. The third

row of Table 5 relaxes one of the assumptions above and revises the implied lifetime fuel

cost increases by assuming that VMT for all consumers drops by 15 percent. In this case,

we see the magnitude of the implied fuel cost changes decrease across the board. This is not

surprising; in the absence of purchasing a more fuel-efficient vehicle, consumers would need

to drive less in order to offset the higher fuel expenditures associated with a gasoline price

increase.

Nevertheless, it appears that everyone—not just credit-constrained buyers—under-invests

in fuel economy in response to gasoline price increases. While the under-investment is largest

among credit-constrained buyers, the fact that even the least constrained buyers do not

respond much to gasoline price increases implies that credit constraints are not the primary

source of this under-investment.

4.4 Hybrid/Gasoline Vehicle Siblings

Finally, I restrict my sample to analyze hybrid vehicles and their gasoline-powered “siblings”—

vehicles that are essentially identical except for engine type (e.g., Toyota Camry and Toyota

Camry Hybrid).43 Many sibling pairs were in the market during the MaritzCX sample period,

and the use of sibling pairs reduces other potential concerns related to unobservables which

may be correlated with buyer credit constraints and MPG choice. I restrict my sample to

only include sibling pairs with at least ten hybrid and non-hybrid purchases in the data, and I

include flex-fuel vehicles (which can use gasoline or ethanol blends) in the “gasoline-powered”

group. The list and counts of sibling pairs are provided in Table A.5 in the Appendix.

If credit constraints suppress fuel economy investment, I should see fewer purchases of the

fuel-efficient siblings by credit-constrained buyers relative to unconstrained buyers. To test
43This approach is similar to the gas-hybrid pairs analysis done by Levinson and Sager (2020).
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this, I estimate a linear probability model in which the dependent variable, E, is equal to

one if the vehicle purchased was an efficient sibling (i.e., hybrid) and is equal to zero if the

vehicle purchased was an inefficient sibling (i.e., gasoline-powered). Below is the regression

equation that I estimate:

Ejvirt = β0 + β1 · APRirt + β2 · I{GoodCrediti}+ β3 · I{BadCrediti}+ β4 · I{NoCrediti}

+ β′5Xj + β′6Di + δt + γr + θv + εjvirt (4)

Equation (4) is defined similarly to the earlier regression equations but now includes a

vehicle sibling fixed effect, θv. The main coefficient of interest in equation (4) is β1, which

indicates the average change in likelihood of a buyer purchasing a hybrid corresponding to

a 1 percentage point increase in APR.

The sibling fixed effect provides two advantages relative to the other empirical specifica-

tions in the paper. First, it controls for unobservable differences between buyers of different

car types (e.g., Toyota Camry buyers versus Chevrolet Tahoe buyers). The kinds of people

who purchase a Toyota Camry, for instance, may have fundamentally different and unob-

served preferences over fuel efficiency than those purchasing a Chevrolet Tahoe. Moreover,

these differences may be correlated with credit constraints in similar fashion to unobserved

financial literacy. Comparing hybrids to their otherwise similar gasoline-powered siblings

assuages this concern.

Second, the sibling fixed effect controls for unobserved vehicle attributes that could be

correlated with both fuel economy and buyer credit constraints. For example, perhaps BMW

cars are more likely to be sold to less credit-constrained buyers, and BMW cars are on average

less fuel-efficient than similar cars produced by other manufacturers. This relationship could

contribute to spurious estimates suggesting that unconstrained buyers purchase inefficient

cars on average, thus resulting in attenuation bias in my estimates. The sibling fixed effect

restricts comparisons to be within a particular make and model, which reduces the possibility

of attenuation bias.
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Table 6 shows the linear probability model regression results. Column 4 includes model

year, month, purchase year, and vehicle sibling fixed effects. In column 4, a 1 percentage

point increase in loan APR is associated with a 0.2% decrease in the probability of purchasing

a hybrid. The sample for the regressions in Table 6 is 27 percent hybrids and 73 percent

non-hybrids, and the overall market share for hybrids in the U.S. is around 5 percent. Thus,

a 0.2% reduction in likelihood of purchasing a hybrid in response to a non-trivial increase

in financing costs is small and does not explain a broad trend of under-investment in fuel

economy.

4.5 Interpretation and Caveats

The results of this paper should not necessarily be interpreted as the causal effect of credit

constraints on fuel economy choice—there are some caveats to consider. First, while I discuss

potential omitted variable bias and use proxy variables to try to address it, there is still a

possibility that other omitted variables may be correlated with buyer credit constraints

and fuel economy preferences. In the absence of an RCT or an ideally situated natural

experiment, my analysis of cross-sectional new vehicle purchase and loan survey data may

still suffer from omitted variable bias.

Second, the choice set of vehicles that buyers consider may not align with the vehicle

sibling regressions estimated from equation (4). Car buyers may not come to a dealership

looking to decide between a gasoline-powered Toyota Camry and a Toyota Camry hybrid.

Rather, they may know they want to buy a hybrid but could be deciding between multiple

models, or they may be interested buying a truck with the roomiest cab and best towing

capacity. In short, buyers may not have one model with several variants in mind—they could

very well be considering many more options. The vehicle sibling regressions over-simplify

the choices buyers are considering, but they nonetheless facilitate an informative descriptive

comparison of hybrid and non-hybrid buyers.

Last, it is possible that there is selection bias or measurement error in the survey responses.

People who do not consider fuel costs carefully when buying a car may also be less likely to
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respond to a lengthy survey about their vehicle purchase. If this behavior is correlated with

credit constraints, the estimates could suffer from an over-representation of unconstrained

buyers in the sample. It is also possible that respondents could misreport their self-reported

credit history or loan APR. This potential measurement error affecting a right hand side

variable could introduce attenuation bias into the results.

It is important to note that approximately 94% of the sample who provided self-reported

credit history indicated that they had good or excellent credit, leaving only 6% with bad

or no credit history. As a point of comparison, an Experian report on the state of the auto

finance market for Q3 2017 indicated that only 8%-10% of new vehicle loan/lease financing

customers fell in the subprime credit score range, leaving approximately 90% in the non-

prime, prime, and super prime ranges.44 While the bad credit or no credit consumers in

the MaritzCX data may be a slight under-representation (6%) of credit-constrained buyers,

their share of the sample is not dramatically different from the national credit profile of new

car buyers from the sample period.45 The MaritzCX data are clearly a selected sample (the

typical new car buyer is not representative of the typical American consumer), but this is not

problematic because I am studying credit constraints among new car buyers—the analysis is

conditional on a consumer entering the new vehicle market. Moreover, the sample contains

low income buyers, buyers with no credit history, bad credit, and high APRs. Though they

may not represent the majority, there are credit-constrained buyers in the sample.

Taken together, the results tell a consistent story. While plenty of evidence supports the

expected negative relationship between credit constraints and investment in fuel efficiency,

the magnitude of the relationship is small and thus cannot explain the energy efficiency gap

for new vehicles.
44The Experian report can be found here.
45I reference a report from 2017 (near the end of the sample period) since auto lending standards were most strict in the

early years of the sample immediately following the 2008 financial crisis.
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5 Conclusion

This paper provides direct evidence of the relationship between credit constraints and

consumer investment in fuel efficiency in the U.S. new vehicle market. I enrich unique survey

data with detailed vehicle characteristics and regional gasoline prices and then use several

empirical specifications to estimate the degree to which credit constraints hinder fuel economy

investment. I also provide suggestive evidence of the existence of an energy efficiency gap

in the U.S. new vehicle market and use a simple theoretical model to motivate the paper’s

empirical findings. The data I use offer multiple direct measures of credit constraints in the

form of actual loan terms and self-reported credit histories, which improve upon existing

work that uses income as an imperfect proxy for credit constraints.

My results contribute to the ongoing investigation of why consumers under-invest in fuel

efficiency. While there are important empirical caveats to consider when interpreting the

results, this paper is the first to estimate a direct statistical relationship between credit con-

straints and fuel economy demand in the important setting of the U.S. new vehicle market.

The results show persistent evidence that indicate a negative association between credit con-

straints and fuel economy adoption by consumers. However, the magnitude of the estimates

is small and thus cannot explain the energy efficiency gap. It is possible that the sample of

new vehicle buyers is relatively less credit-constrained than the typical American consumer,

or even that credit constraints are more prevalent in the used car market than in the new

vehicle market. Future work could investigate the potential role of credit constraints on fuel

economy demand in the used car market, where consumers may face higher financing costs

than in the new vehicle market. Nevertheless, the CAFE standards apply specifically to the

new vehicle market and the MaritzCX survey is intended to be representative of the national

new vehicle market.

Finally, this paper’s findings also suggest that “green auto loans,” which are growing in

popularity and provide APR discounts and other incentives for purchasers of fuel-efficient

vehicles (e.g., longer repayment periods), may not incentivize consumers to purchase more
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fuel-efficient vehicles.46 The benefits of green auto loans may simply be going to consumers

who were already going to purchase a clean car anyway. If the goal of such programs is to in-

crease clean vehicle adoption, it may be more effective to consider alternative incentives such

as point-of-sale rebates, which consumers may be more responsive to than APR discounts.

A new car is among the most expensive and energy-intensive durable goods that a con-

sumer will purchase in the course of their lifetime. This paper finds little evidence supporting

a consistently mentioned explanation for the energy efficiency gap in an important empirical

context, calling into question one of the justifications for fuel economy standards in the U.S.

new vehicle market.
46See this article for additional information on green auto loans.
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6 Figures and Tables

6.1 Figures

Figure 1: Monthly average real APR

Notes: The source of these data is the MaritzCX survey. Loan APRs are adjusted for inflation using the monthly
CPI-U from the U.S. Bureau of Labor Statistics. The black line plots the average monthly real APR based on my
main regression sample, and the gray shaded area indicates the fifth and ninety-fifth percentiles of the real APR
distribution in each month of the sample.
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Figure 2: Monthly average gasoline price by PADD region

Source: Energy Information Administration
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Figure 3: Gap between consumer break-even APR and real APR – 1-MPG increase

Notes: This figure shows empirical cumulative distribution functions (using 10% discounting and real APR discount-
ing, respectively) of the difference between each consumer’s break-even APR for profitable fuel efficiency investment
and the actual real APR they obtained for their auto loan. The data, assumptions, and method used to calculate
the break-even APR for each consumer are described in Section 3. The portions of the CDFs that lie above zero
on the horizontal axis represent consumers who—on a purely financial basis—are leaving money on the table by not
investing in more fuel efficiency. These consumers have a positive difference between their break-even APR and the
APR of the loan they actually obtained, meaning they could profitably purchase an additional MPG of fuel efficiency
at their current auto loan rate.
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Figure 4: Gap between consumer break-even APR and real APR – 8.2-MPG increase

Notes: This figure shows empirical cumulative distribution functions (using 10% discounting and real APR discount-
ing, respectively) of the difference between each consumer’s break-even APR for profitable fuel efficiency investment
and the actual real APR they obtained for their auto loan. The data, assumptions, and method used to calculate the
break-even APR for each consumer are described in Section 3. The portions of the CDFs that lie above zero on the
horizontal axis represent consumers who—on a purely financial basis—are leaving money on the table by not investing
in more fuel efficiency. These consumers have a positive difference between their break-even APR and the APR of
the loan they actually obtained, meaning they could profitably purchase a vehicle with an additional 8.2 MPG of
fuel efficiency at their current auto loan rate. The analysis in this figure approximates a more realistic scenario that
consumers may encounter than that of Figure 3, since it is typically not feasible to upgrade fuel economy by just 1
MPG.
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6.2 Tables

Table 1: Summary statistics
Mean SD

Vehicle Characteristics:
Purchase price ($1000s) 35.95 12.85
Miles per gallon (MPG) 24.70 9.393
Hybrid dummy (1 = Hybrid) 0.0469
EV/PHEV dummy (1 = EV or Plug-in EV) 0.0125
Horsepower 240.1 85.03
Torque 241.3 89.99
Wheelbase (in) 112.1 11.07
Length (in) 189.2 17.94
Width (in) 73.59 3.865
Height (in) 64.13 7.069
Engine liters 3.091 1.271
Number of engine cylinders 5.298 1.502
Vehicle weight (1000 lbs) 3.844 0.831
Body style - Sedan (1 = Yes) 0.245
Body style - Sport utility vehicle (1 = Yes) 0.362
Body style - Pickup truck (1 = Yes) 0.149
Body style - Hatchback (1 = Yes) 0.0994
Body style - Station wagon (1 = Yes) 0.0260
Body style - Coupe (1 = Yes) 0.0606
Body style - Convertible (1 = Yes) 0.0255
Body style - Van (1 = Yes) 0.0328

Buyer Characteristics:
Loan APR, inflation-adjusted (percent) 1.920 2.882
Loan amount ($1000s) 28.83 12.33
Loan length (months) 62.01 12.90
Buyer credit history - excellent (1 = Yes) 0.722
Buyer credit history - good (1 = Yes) 0.217
Buyer credit history - bad (1 = Yes) 0.0478
Buyer credit history - none (1 = Yes) 0.0133
Household income ($1000s) 124.9 88.76
Household size (number of people) 2.564 1.226
Buyer age (years) 49.70 14.33
Lives in urban area (1 = Yes) 0.860
Education dummy (1 = Has bachelors degree) 0.554
Buyer race dummy (1 = White) 0.822
Gasoline price (PADD monthly average, $/gal) 3.072 0.669
Buyer expected annual miles (1000s) 12.70 6.506
Buyer expected lifetime fuel costs ($, real APR discount) 22,239 9,383
Buyer expected lifetime fuel costs ($, 10% discount) 13,533 5,667

Total Vehicle Purchases: 369,425

Notes: Summary statistics are based on sample used for regressions from Table 3, which excludes leases, heavy duty
vehicles, and observations with missing data. Loan amount is imputed using standard auto loan monthly payment
formula. Household income is approximated using the midpoint of the income bin indicated by survey respondent.
All dollar amounts are in 2017 USD. The four buyer credit history variable summary statistics are based on a smaller
number of observations (220,195) due to missing data.
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Table 2: Estimated cost of one additional MPG

Dependent Variable: Purchase Price (1) (2) (3) (4) (5)

MPG 173.9* 190.0* 190.1* 189.3* 239.1*
(21.00) (23.05) (23.07) (22.81) (23.54)

Vehicle weight (1000 lbs) 13,686* 13,521* 13,536* 13,454* 6,531*
(592.5) (583.9) (583.8) (579.6) (476.0)

Horsepower 37.66* 41.35* 41.34* 42.04* 44.49*
(5.423) (5.502) (5.504) (5.476) (4.502)

Torque 40.10* 40.23* 40.22* 39.65* 23.37*
(4.492) (4.384) (4.384) (4.369) (4.095)

Length (in) -171.3* -164.8* -165.4* -162.7* 33.39
(28.71) (28.39) (28.39) (28.42) (24.52)

Width (in) -98.93 -81.12 -82.24 -81.20 51.12
(71.77) (71.78) (71.78) (71.35) (53.34)

Height (in) -901.8* -914.0* -913.5* -914.2* -307.0*
(66.47) (65.75) (65.79) (65.71) (59.89)

Wheelbase (in) 16.25 20.33 20.37 20.41 -79.84*
(43.94) (43.18) (43.16) (43.28) (35.01)

Number of engine cylinders 1,961* 1,978* 1,974* 1,971* 454.1*
(273.6) (275.0) (274.8) (273.8) (195.0)

Engine liters -3,285* -3,564* -3,560* -3,561* -43.91
(392.1) (394.5) (394.4) (393.7) (325.6)

Constant 53,465* 50,258* 49,827* 49,567* 8,606
(6,303) (5,923) (5,923) (5,903) (4,771)

Fixed effects:
Model year X X X X
Month X X X
PADD region X X
Vehicle make X

Observations 328,873 328,873 328,873 328,873 328,873
R2 0.680 0.683 0.683 0.685 0.777

Notes: Standard errors in parentheses are clustered by model year, make, and model (* p<0.05). All dollar amounts
are adjusted to 2017 USD. Controls not shown include body style dummies (e.g., sedan, SUV, convertible) and drive
type dummies (e.g., front wheel drive, all wheel drive).
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Table 3: Loan APR as a measure of credit constraints
Dependent variable: MPG (1) (2) (3) (4) (5) (6)

Loan APR, inflation-adjusted (percent) -0.132* -0.0512* -0.0537* -0.0549* -0.0520* -0.0544*
(0.0166) (0.0111) (0.0111) (0.0110) (0.0111) (0.0109)

Fixed effects:
Model year X X X X X
Month X X X
Year X
Month-by-year X
PADD region X
PADD region-by-month-by-year X

Observations 369,425 369,425 369,425 369,425 369,425 369,425
R2 0.525 0.543 0.545 0.546 0.544 0.548

Notes: Standard errors in parentheses are clustered by model year, make, and model (* p<0.05). All dollar amounts
are adjusted to 2017 USD. Gasoline prices and regional fixed effects are at the Petroleum Administration for Defense
District (PADD) level, dividing the fifty states into five districts. These regressions control for many vehicle and
demographic characteristics that are not shown here—see Table A.1 in the Appendix for results showing additional
controls.
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Table 4: Self-reported credit history as a proxy for unobserved financial literacy
Dependent variables: miles per gallon (MPG) (1) (2) (3) (4) (5) (6)

Loan APR, inflation-adjusted (percent) -0.0509* -0.0269* -0.0531* -0.0287* -0.0517* -0.0287*
(0.0117) (0.0119) (0.0117) (0.0117) (0.0117) (0.0118)

Self-reported credit history
(“excellent” is omitted category)

Buyer credit history - good (1 = Yes) -0.323* -0.327* -0.311*
(0.0508) (0.0508) (0.0497)

Buyer credit history - bad (1 = Yes) -0.560* -0.565* -0.536*
(0.102) (0.0990) (0.101)

Buyer credit history - none (1 = Yes) -0.804* -0.800* -0.771*
(0.125) (0.124) (0.122)

Fixed effects:
Model year X X X X X X
Month X X X X X X
Year X X
PADD region X X

Observations 220,195 220,195 220,195 220,195 220,195 220,195
R2 0.542 0.542 0.544 0.544 0.543 0.543

Notes: Standard errors in parentheses are clustered by model year, make, and model (* p<0.05). All dollar amounts
are adjusted to 2017 USD. Columns 2, 4, and 6 refine columns 1, 3, and 5 respectively by including self-reported
credit history as a proxy for unobserved financial responsibility. The “excellent” self-reported credit history category
is the baseline category and is omitted from regression columns 2, 4, and 6. Gasoline prices and regional fixed effects
are at the Petroleum Administration for Defense District (PADD) level, dividing the fifty states into five districts.
These regressions control for many vehicle and demographic characteristics that are not shown here—see Table A.3
in the Appendix for results showing additional controls.
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Table 5: Heterogeneous response to gasoline price changes based on credit constraints
Dependent variable: MPG (1) (2) (3) (4) (5)
Real APR Quartile (Q1 = lowest real APRs) Q1 Q2 Q3 Q4 Cash Buyers

Gasoline price (PADD monthly average, $/gal) 1.866* 1.162* 0.895* 0.757* 1.635*
(0.375) (0.378) (0.224) (0.178) (0.374)

Implied lifetime fuel cost increase ($) 4,671 5,699 6,141 6,273 4,744

Implied lifetime fuel cost increase ($) 770 1,490 1,802 1,934 925
(with 15% VMT reduction)

Observations 58,436 52,873 55,994 52,892 151,571
R2 0.544 0.536 0.546 0.599 0.573

Notes: Standard errors in parentheses are clustered by model year, make, and model (* p<0.05). All dollar amounts
are adjusted to 2017 USD. Columns 1-4 divide the main regression sample into subsamples based on real APR quartile,
where Q1 has the lowest real APRs and Q4 has the highest real APRs. Column 5 runs a similar regression over a
subsample from the MaritzCX survey who indicated that they paid cash for their vehicle and did not use financing.
All regressions include model year, month, and year fixed effects. Gasoline prices are at the Petroleum Administration
for Defense District (PADD) level, dividing the fifty states into five districts. The second row of the table calculates
the average implied increase in discounted lifetime fuel costs assuming a persistent $1 gasoline price increase and
that each consumers’ purchased fuel economy increased by the amount indicated in the first row of the table. These
implied fuel cost increases also assume that consumers do not reduce their lifetime vehicle miles traveled. The third
row repeats the implied lifetime fuel cost change calculations assuming that consumers reduce annual vehicle miles
traveled by 15 percent. These regressions control for many vehicle and demographic characteristics that are not
shown here—see Table A.4 in the Appendix for results showing additional controls.
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Table 6: Linear probability model estimates with hybrid/gasoline vehicle siblings
Dependent variable: Purchased hybrid (1 = Yes) (1) (2) (3) (4) (5)

Loan APR, inflation-adjusted (percent) -0.00286 -0.00217 -0.00212* -0.00203* -0.00282*
(0.00178) (0.00149) (0.000986) (0.000972) (0.00112)

Self-reported credit history
(“excellent” is omitted category)

Buyer credit history - good (1 = Yes) -0.00634 -0.0141* -0.0149* -0.0171* -0.0134*
(0.00703) (0.00514) (0.00467) (0.00469) (0.00470)

Buyer credit history - bad (1 = Yes) -0.0241 -0.0235 -0.0239* -0.0270* -0.0191
(0.0128) (0.0121) (0.00990) (0.00922) (0.0102)

Buyer credit history - none (1 = Yes) -0.0749* -0.0429* -0.0474* -0.0437* -0.0424*
(0.0184) (0.0178) (0.0165) (0.0156) (0.0164)

Fixed effects:
Model year X X
Month X X X
Year X X
PADD region X
Vehicle sibling X X X X

Observations 23,598 23,598 23,598 23,598 23,598
R2 0.665 0.764 0.771 0.783 0.774

Notes: Standard errors in parentheses are clustered by model year, make, and model (* p<0.05). All dollar amounts
are adjusted to 2017 USD. The “excellent” self-reported credit history category is the baseline category and is omitted
from all regressions. Gasoline prices and regional fixed effects are at the Petroleum Administration for Defense District
(PADD) level, dividing the fifty states into five districts. These regressions control for many vehicle and demographic
characteristics that are not shown here—see Table A.6 in the Appendix for results showing additional controls.
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A Appendix

A.1 Theoretical Model of A Consumer’s Optimal MPG Choice

A.1.1 Model Description

This section describes a two-good model that illustrates how credit constraints may con-

tribute to the energy efficiency gap. I extend the model described in Levinson (2019).

Consider a representative consumer who gets utility from two goods—driving (i.e., miles

drivenm) and a numeraire good x. The consumer is going to purchase a car and is considering

a menu of options, all of which are identical except for fuel their economy (e). The cost of

buying a car is determined by two elements:

1. The purchase price, given by:

p(e), with p′(e) > 0 and p′′(e) > 0.47

2. The financing cost associated with purchasing the car, given by:

f(p(e)) = λ · fg(p(e)) + (1− λ) · fb(p(e)), with

λ ∈ [0, 1], f ′b > f ′g, f ′′i ≥ 0, fi(0) = 0 for i ∈ {b, g}

In item 2 above, λ represents a “credit constraint” parameter; fg and fb are financing cost

functions for someone with good and bad credit, respectively, and λ creates a weighted mix of

these two functions based on a consumer’s creditworthiness. Thus, the higher λ is, the better

financing terms are offered and the less it costs to borrow money. The lower λ is, the more

credit-constrained a buyer is due to high borrowing costs. The conditions imposed on fg and

fb ensure that a “bad credit” borrower has higher financing costs at all amounts borrowed

than a “good credit” borrower. These conditions also ensure that borrowing costs are weakly

convex (i.e., borrowing costs ratchet up faster as a consumer borrows more money).48 For

simplicity, I refer to the total cost to purchase a car, c(e), as follows:
47As a car’s fuel efficiency increases, it becomes more expensive to upgrade to an even more efficient car.
48Also, note that being a cash buyer or the recipient of a 0% APR loan can be represented as a special case in which λ = 1

and fg(p(e)) = 0 for all e.
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c(e) = p(e) + f(p(e)), with c′(e) > 0, c′′(e) > 0.49

The consumer first chooses a car to purchase and then spends their remaining income

on driving and on the numeraire good. I assume that the consumer has income Y to spend

on the purchase/financing of the car, driving, and the numeraire good. For simplicity, I

consider the consumer’s problem as a one-shot decision, where income, expenditures, etc.,

over the life of ownership of the car are discounted to present value amounts. I also assume

that gasoline prices (g) are constant during this period.50 Thus, the price of driving equals

the price of gasoline divided by the fuel economy of the car that is chosen (g
e
).51

The consumer has quasilinear preferences of the following form:

U(m,x) = v(m) + x (A.1)

I assume that v(m) is defined from the family of constant relative risk aversion (CRRA) utility

functions, so v(m) is strictly increasing and strictly concave.52,53 Given these preferences, the

consumer chooses e and m to solve the following utility maximization problem:

max
(e, m)

v(m) + x subject to (A.2)

Y = x+
g

e
·m+ c(e).

A.1.2 Comparative Statics

Figure A.2 depicts a simplified version of the consumer’s problem in which only two car

choices are available—an efficient car with high MPG and an inefficient car with low MPG.

The unconstrained buyer in the figure faces two possible budget sets based on the choice of

car, the steeper of which corresponds to the low-MPG car (i.e., it costs less upfront but costs
49The fact that c(e) is strictly increasing and strictly convex in e follows from the chain rule.
50Assuming constant gasoline prices for calculation of future fuel costs is common in the literature—see, for example, Busse

et al. (2013). Also, evidence suggests that consumers believe future gasoline prices will not change from current prices (Allcott,
2011; Anderson et al., 2013).

51I also assume that there is no “outside option” for the consumer and that they will purchase a car.
52Assume the consumer’s risk aversion parameter is ρ ≥ 1. The family of CRRA utility functions is defined as follows:

v(m) =

{
m1−ρ−1

1−ρ if ρ 6= 1

log(m) if ρ = 1

53Quasilinear preferences and CRRA utility over miles driven are assumed for model tractability.
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more per mile to drive).54 The example quasilinear indifference curve (iu) shows an optimal

bundle in which the unconstrained consumer chooses the high-MPG car.

Now consider a credit-constrained buyer who is identical to the unconstrained buyer

except for λ, which is smaller for the constrained buyer. The dashed lines in Figure A.2

illustrate a downward shift of both budget sets for the credit-constrained buyer due to

financing costs associated with purchasing each car. Furthermore, note that the high-MPG

car budget set shifts downward by more than that of the low-MPG car, since the high-MPG

car costs more to purchase and thus also costs more to finance. As the figure shows, this shift

can cause the optimal bundle for the credit-constrained consumer (indicated on indifference

curve ic) to shift to the low-MPG car despite having the same income and preferences as the

unconstrained buyer.

Next, let’s revisit the consumer’s utility maximization problem from equation (A.2) and

analyze more generally how the optimal choice of energy efficiency changes with λ, the credit

constraint parameter. Intuition from the 2-car version of the problem depicted in Figure A.2

suggests that as λ increases and a buyer becomes less constrained, the optimal choice of

energy efficiency should increase.

First order conditions (FOC) for an interior solution (indicated with asterisks) are as

follows:

{m}: v′(m∗)− g

e∗
= 0 =⇒ g = e∗ · v′(m∗) (A.3)

{e}: m∗ · g
(e∗)2

− c′(e∗) = 0 =⇒ g =
(e∗)2 · c′(e∗)

m∗
(A.4)

Combining equations (A.3) and (A.4) and simplifying yields:

m∗ · v′(m∗) = e∗ · c′(e∗) (A.5)
54For simplicity, assume this buyer has λ = 0 and is either paying with cash or obtaining a 0% loan, so they do not face any

financing costs.
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Using the Implicit Function Theorem, I rewrite equation (A.5) as an implicit function of

λ and set it equal to zero:

h(e∗,m∗;λ) = e∗(λ) · c′(e∗(λ))−m∗(λ) · v′(m∗(λ)) = 0 (A.6)

To determine how e∗ changes as λ changes, I take the total derivative of equation (A.6)

with respect to λ (the goal is to determine the sign of the term in bold, de∗
dλ

):

dh

dλ
=

∂h

∂e∗
· de

∗

dλ
+

∂h

∂m∗
· dm

∗

dλ
+
∂h

∂λ

Next, I derive dh
dλ
:55

dh

dλ
=

≡ A (+)︷ ︸︸ ︷
[e∗(λ) · c′′(e∗(λ)) + c′(e∗(λ))] ·de

∗

dλ
−

≡ B (≤ 0)︷ ︸︸ ︷
[m∗(λ) · v′′(m∗(λ)) + v′(m∗(λ))] ·dm

∗

dλ
+[

e∗(λ) ·
(
f ′g(p(e

∗(λ))) · p′(e∗(λ))− f ′b(p(e∗(λ))) · p′(e∗(λ))
)]︸ ︷︷ ︸

≡ C (-)

= 0 (A.7)

I relabel three large terms in equation (A.7) as A, B, and C, respectively. Based on

the assumptions of the model, A is unambiguously positive and C is unambiguously nega-

tive. Under the assumption of CRRA utility for v(m) with ρ ≥ 1, we also have B ≤ 0.56

Rearranging equation (A.7), I solve for de∗

dλ
using simplified notation:

de∗

dλ
=
dm∗

dλ
· B
A
− C

A
(A.8)

Now the goal is to sign de∗

dλ
. To start, notice that C

A
is negative, so −C

A
adds a positive term

to the right hand side of equation (A.8). Thus, if dm∗

dλ
· B
A
≥ 0, then we can conclude that

de∗

dλ
> 0.

Consider first the case in which B = 0, which is true if v(m) = log(m). In this case,
dm∗

dλ
· B
A
= 0, so de∗

dλ
= −C

A
> 0.

55For ∂h
∂λ

, note that c′(e∗(λ)) = p′(e∗(λ)) ·
[
1 + λ · f ′g(p(e∗(λ))) + (1− λ) · f ′b(p(e

∗(λ)))
]
.

56If ρ = 1, then m∗(λ) · v′′(m∗(λ)) + v′(m∗(λ)) = −m∗ · (m∗)−2 + (m∗)−1 = 0.
If ρ > 1, then m∗(λ) · v′′(m∗(λ)) + v′(m∗(λ)) = −ρ ·m∗ · (m∗)−ρ−1 + (m∗)−ρ = (m∗)−ρ · (1− ρ) < 0.
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Next, consider the case in which B < 0.57 Additionally, assume the following:

de∗

dλ
· dm

∗

dλ
> 0 (A.9)

The assumption in inequality (A.9) says that optimal fuel efficiency and miles driven must

move in the same direction with respect to changes in λ (i.e., de∗

dλ
and dm∗

dλ
must have the

same sign). This is a reasonable assumption—looking at FOC equations (A.3) and (A.4),

one can see that m∗ is increasing in e∗. Moreover, an increase in e∗ effectively lowers the

price of driving, so consumers should want to drive more as fuel efficiency increases, all else

equal. If this were not the case, the demand curve for driving would be upward sloping.

Inequality (A.9) implies that de∗

dλ
and dm∗

dλ
must both be negative or both be positive.58

Assume for the sake of contradiction that both are negative. Then we have the following:

de∗

dλ︸︷︷︸
(−)

=

(−)︷︸︸︷
dm∗

dλ
·

(−)︷︸︸︷
B

A
−

(−)︷︸︸︷
C

A︸ ︷︷ ︸
(+)

=⇒⇐= (A.10)

This leaves us with a negative number equal to a positive number, which is a contradiction.

As a result, we must have:
de∗

dλ
=
dm∗

dλ
· B
A
− C

A
> 0

Thus, under reasonable assumptions, the model predicts that de∗

dλ
> 0. This means that

consumers who are less credit-constrained should purchase more fuel-efficient cars, all else

equal. Additionally, this simple model underscores why income can be an imperfect proxy

for credit constraints when analyzing consumer choices to invest in energy efficiency. As

the model illustrates, it is quite possible to have two consumers with identical incomes and

driving preferences but differing optimal investment levels in energy efficiency.
57This is the case if v(m) is CRRA with ρ > 1.
58 de∗

dλ
and dm∗

dλ
cannot both be zero because the right hand side of equation (A.8) would still be positive in that case, which

is a contradiction.

41



A.2 Appendix Figures

Figure A.1: Gap between consumer break-even APR and real APR – 1-MPG increase with
alternative MPG cost

Notes: This figure shows empirical cumulative distribution functions (using 10% discounting and real APR discount-
ing, respectively) of the difference between each consumer’s break-even APR for profitable fuel efficiency investment
and the actual real APR they obtained for their auto loan. The data, assumptions, and method used to calculate the
break-even APR for each consumer are described in Section 3. The portions of the CDFs that lie above zero on the
horizontal axis represent consumers who—on a purely financial basis—are leaving money on the table by not investing
in more fuel efficiency. This figure uses $631 as the cost of an additional MPG, which is an approximate implied
willingness-to-pay using estimates and average vehicle characteristics from Leard et al., (forthcoming). Though this
figure assumes a higher per-MPG cost than Figure 3, there is still a large portion of the distribution of buyers who
would profit from investing in additional fuel economy.
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Figure A.2: Optimal fuel economy choice with 2-car example (high-MPG vs. low-MPG)

$x

miles

Y − p`

Y − ph

slope = − g
e`

Low-MPG car,

slope = − g
eh

High-MPG car,

iu

ic

Y − p` − f`

Y − ph − fh

Unconstrained (good credit) buyer

Constrained (bad credit) buyer

Notes: This figure illustrates how credit constraints can inhibit investment in fuel economy (a detailed explanation of
the model that inspires this figure is available in Section A.1). In this simple model, a consumer is choosing between
two vehicles that are identical except for fuel economy—the high-MPG car gets eh MPG and costs ph, while the low-
MPG car gets e` MPG and costs p` (with eh > e` and ph > p`). Assuming constant gasoline prices (g) and income
(Y), the high-MPG car is more expensive upfront but cheaper to drive per-mile and the low-MPG car is cheaper
upfront but more expensive to drive per-mile. The consumer chooses a car to purchase and allocates their remaining
income between driving (represented by miles on the horizontal axis) and a numeraire good x (the vertical axis).
The solid lines show an example indifference curve (iu) for an unconstrained buyer (i.e., someone who is paying cash
or obtains 0% financing and thus does not face any financing costs) whose optimal bundle includes purchasing the
high-MPG car. However, a credit-constrained buyer with identical preferences faces the same price per-mile for each
car but also faces higher costs of purchasing either car due to financing charges, causing the downward shift of each
budget set shown by the dashed lines and red arrows. Moreover, the cost of purchasing the high-MPG car increases
by more than that of the low-MPG car, since total financing charges are increasing in the amount borrowed (i.e.,
fh > f`) and ph > p`. As the figure demonstrates, this causes the otherwise identical credit-constrained consumer
to shift their optimal bundle (on indifference curve ic) to the low-MPG car instead of the high-MPG car that the
unconstrained consumer chose.
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A.3 Appendix Tables

Table A.1: Loan APR as a measure of credit constraints (controls shown)
Dependent variable: miles per gallon (MPG) (1) (2) (3) (4) (5) (6)

Loan APR, inflation-adjusted (percent) -0.132* -0.0512* -0.0537* -0.0549* -0.0520* -0.0544*
(0.0166) (0.0111) (0.0111) (0.0110) (0.0111) (0.0109)

Loan amount ($1000s) 0.00539 0.0113* 0.0114* 0.0115* 0.0120* 0.0119*
(0.00287) (0.00304) (0.00302) (0.00304) (0.00283) (0.00280)

Loan length (months) 0.00535* -0.00778* -0.00840* -0.00863* -0.00855* -0.00880*
(0.00229) (0.00221) (0.00221) (0.00223) (0.00223) (0.00218)

Purchase price ($1000s) 0.132* 0.135* 0.139* 0.139* 0.135* 0.139*
(0.0189) (0.0191) (0.0200) (0.0199) (0.0193) (0.0200)

Gasoline price (PADD monthly average, $/gal) -0.660* 0.861* 1.177* 1.744*
(0.177) (0.207) (0.247) (0.327)

Buyer expected annual miles (1000s) 0.0190* 0.0245* 0.0248* 0.0254* 0.0258* 0.0255*
(0.00460) (0.00443) (0.00443) (0.00441) (0.00444) (0.00434)

Vehicle weight (1000 lbs) 3.043* 3.065* 2.971* 2.975* 3.082* 2.969*
(1.020) (1.006) (1.008) (1.006) (1.006) (0.996)

Engine liters -0.634 -0.0884 -0.0779 -0.0786 -0.101 -0.0883
(0.378) (0.369) (0.369) (0.370) (0.368) (0.367)

Education dummy (1 = Has bachelors degree) 0.384* 0.414* 0.415* 0.422* 0.425* 0.424*
(0.0560) (0.0539) (0.0532) (0.0530) (0.0539) (0.0531)

Lives in urban area (1 = Yes) -0.0245 -0.0998* -0.113* -0.145* -0.167* -0.165*
(0.0371) (0.0338) (0.0333) (0.0348) (0.0341) (0.0350)

Household income ($1000s) 0.000220 0.000588 0.000604* 0.000566 0.000572 0.000625*
(0.000314) (0.000303) (0.000299) (0.000297) (0.000297) (0.000290)

Household size (number of people) 0.0991* 0.0793* 0.0777* 0.0786* 0.0786* 0.0772*
(0.0226) (0.0229) (0.0225) (0.0224) (0.0228) (0.0221)

Buyer race dummy (1 = White) 0.279* 0.496* 0.506* 0.526* 0.496* 0.492*
(0.0901) (0.0788) (0.0766) (0.0764) (0.0664) (0.0653)

Buyer age (years) 0.0170* 0.00900* 0.00844* 0.00858* 0.00904* 0.00853*
(0.00380) (0.00368) (0.00363) (0.00363) (0.00368) (0.00362)

Constant 39.42* 37.26* 35.72* 34.13* 39.68* 39.30*
(7.415) (6.715) (6.726) (6.476) (6.906) (6.923)

Fixed effects:
Model year X X X X X
Month X X X
Year X
Month-by-year X
PADD region X
PADD region-by-month-by-year X

Observations 369,425 369,425 369,425 369,425 369,425 369,425
R2 0.525 0.543 0.545 0.546 0.544 0.548

Notes: Standard errors in parentheses are clustered by model year, make, and model (* p<0.05). All dollar amounts
are adjusted to 2017 USD. Gasoline prices and regional fixed effects are at the Petroleum Administration for Defense
District (PADD) level, dividing the fifty states into five districts. Controls not shown include vehicle horsepower,
torque, length, width, height, wheelbase, engine cylinders, body style dummies (e.g., sedan, SUV, convertible), and
drive type dummies (e.g., front wheel drive, all wheel drive).
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Table A.2: Self-reported credit history and loan APR (controls shown)
Dependent variable: Loan APR (1) (2)

Self-reported credit history
(“excellent” is omitted category)

Buyer credit history - good (1 = Yes) 1.416* 1.410*
(0.0186) (0.0186)

Buyer credit history - bad (1 = Yes) 5.290* 5.283*
(0.0686) (0.0685)

Buyer credit history - none (1 = Yes) 2.446* 2.439*
(0.0877) (0.0875)

Loan amount ($1000s) -0.0399* -0.0406*
(0.00112) (0.00113)

Loan length (months) 0.0354* 0.0357*
(0.000689) (0.000691)

Purchase price ($1000s) 0.0161* 0.0159*
(0.000977) (0.000968)

Education dummy (1 = Has bachelors degree) -0.334* -0.336*
(0.0122) (0.0122)

Lives in urban area (1 = Yes) -0.106* -0.0868*
(0.0158) (0.0158)

Household income ($1000s) -0.000634* -0.000591*
(6.53e-05) (6.53e-05)

Household size (number of people) 0.0309* 0.0303*
(0.00561) (0.00557)

Buyer race dummy (1 = White) -0.417* -0.417*
(0.0198) (0.0197)

Buyer age (years) -0.00233* -0.00249*
(0.000490) (0.000488)

Financing arranged by dealer (1 = Yes) -0.385* -0.385*
(0.0180) (0.0181)

Constant 2.083* 2.010*
(0.0951) (0.114)

Fixed effects:
Month-by-year X
PADD region-by-month-by-year X

Observations 240,224 240,220
R2 0.309 0.312

Notes: Standard errors in parentheses are clustered by model year, make, and model (* p<0.05). All dollar amounts
are adjusted to 2017 USD. Columns 1 and 2 show regressions of APR on self-reported credit history. The “excellent”
self-reported credit history category is the baseline category and is omitted from all regressions.
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Table A.3: Self-reported credit history as a proxy for unobserved financial literacy (controls
shown)
Dependent variable: miles per gallon (MPG) (1) (2) (3) (4) (5) (6)

Loan APR, inflation-adjusted (percent) -0.0509* -0.0269* -0.0531* -0.0287* -0.0517* -0.0287*
(0.0117) (0.0119) (0.0117) (0.0117) (0.0117) (0.0118)

Self-reported credit history
(“excellent” is omitted category)

Buyer credit history - good (1 = Yes) -0.323* -0.327* -0.311*
(0.0508) (0.0508) (0.0497)

Buyer credit history - bad (1 = Yes) -0.560* -0.565* -0.536*
(0.102) (0.0990) (0.101)

Buyer credit history - none (1 = Yes) -0.804* -0.800* -0.771*
(0.125) (0.124) (0.122)

Loan amount ($1000s) 0.00884* 0.0113* 0.00892* 0.0114* 0.00946* 0.0118*
(0.00347) (0.00354) (0.00344) (0.00350) (0.00323) (0.00331)

Loan length (months) -0.00611* -0.00639* -0.00673* -0.00704* -0.00685* -0.00711*
(0.00243) (0.00245) (0.00241) (0.00243) (0.00243) (0.00245)

Purchase price ($1000s) 0.136* 0.134* 0.140* 0.138* 0.136* 0.134*
(0.0194) (0.0193) (0.0202) (0.0201) (0.0195) (0.0195)

Gasoline price (PADD monthly average, $/gal) 0.899* 0.903* 1.217* 1.217*
(0.216) (0.216) (0.256) (0.256)

Buyer expected annual miles (1000s) 0.0241* 0.0252* 0.0245* 0.0255* 0.0254* 0.0263*
(0.00452) (0.00455) (0.00453) (0.00455) (0.00453) (0.00456)

Vehicle weight (1000 lbs) 3.229* 3.211* 3.135* 3.115* 3.247* 3.230*
(1.029) (1.028) (1.031) (1.030) (1.029) (1.028)

Engine liters -0.0638 -0.0603 -0.0538 -0.0501 -0.0722 -0.0688
(0.375) (0.375) (0.375) (0.375) (0.374) (0.374)

Education dummy (1 = Has bachelors degree) 0.418* 0.392* 0.419* 0.393* 0.428* 0.403*
(0.0614) (0.0597) (0.0604) (0.0586) (0.0611) (0.0594)

Lives in urban area (1 = Yes) -0.105* -0.102* -0.117* -0.113* -0.173* -0.170*
(0.0373) (0.0374) (0.0373) (0.0373) (0.0386) (0.0386)

Household income ($1000s) 0.000614 0.000454 0.000605 0.000446 0.000597 0.000443
(0.000352) (0.000355) (0.000349) (0.000351) (0.000346) (0.000348)

Household size (number of people) 0.0873* 0.0912* 0.0860* 0.0899* 0.0857* 0.0894*
(0.0262) (0.0264) (0.0259) (0.0260) (0.0260) (0.0262)

Buyer race dummy (1 = White) 0.455* 0.435* 0.466* 0.446* 0.454* 0.436*
(0.0770) (0.0760) (0.0752) (0.0741) (0.0650) (0.0641)

Buyer age (years) 0.00998* 0.00815* 0.00943* 0.00758* 0.0101* 0.00834*
(0.00383) (0.00378) (0.00377) (0.00373) (0.00383) (0.00378)

Constant 38.19* 38.25* 36.66* 36.72* 40.70* 40.77*
(6.760) (6.754) (6.769) (6.763) (6.938) (6.934)

Fixed effects:
Model year X X X X X X
Month X X X X X X
Year X X
PADD region X X

Observations 220,195 220,195 220,195 220,195 220,195 220,195
R2 0.542 0.542 0.544 0.544 0.543 0.543

Notes: Standard errors in parentheses are clustered by model year, make, and model (* p<0.05). All dollar amounts
are adjusted to 2017 USD. Columns 2, 4, and 6 refine columns 1, 3, and 5 respectively by including self-reported
credit history as a proxy for unobserved financial responsibility. The “excellent” self-reported credit history category
is the baseline category and is omitted from regression columns 2, 4, and 6. Gasoline prices and regional fixed effects
are at the Petroleum Administration for Defense District (PADD) level, dividing the fifty states into five districts.
Controls not shown include vehicle horsepower, torque, length, width, height, wheelbase, engine cylinders, body style
dummies (e.g., sedan, SUV, convertible), and drive type dummies (e.g., front wheel drive, all wheel drive).
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Table A.4: Heterogeneous response to gasoline price changes based on credit constraints
(controls shown)
Dependent variable: miles per gallon (MPG) (1) (2) (3) (4) (5)
Real APR Quartile (Q1 = lowest real APRs) Q1 Q2 Q3 Q4 Cash Buyers

Gasoline price (PADD monthly average, $/gal) 1.866* 1.162* 0.895* 0.757* 1.635*
(0.375) (0.378) (0.224) (0.178) (0.374)

Loan APR, inflation-adjusted (percent) 0.222* -0.182 -0.0730 -0.0299*
(0.0886) (0.130) (0.100) (0.00761)

Buyer credit history - bad (1 = Yes) -1.080* -0.472 -0.518* -0.265*
(0.215) (0.338) (0.200) (0.0810)

Buyer credit history - good (1 = Yes) -0.480* -0.212* -0.266* -0.174*
(0.121) (0.0962) (0.0760) (0.0591)

Buyer credit history - none (1 = Yes) -0.817* -1.012* -0.511* -0.623*
(0.257) (0.298) (0.237) (0.119)

Loan amount ($1000s) 0.0153* 0.00921 0.00936* 0.00916*
(0.00360) (0.00670) (0.00374) (0.00429)

Loan length (months) -0.0101* -0.00591 -0.00333 -0.00815*
(0.00411) (0.00488) (0.00294) (0.00282)

Purchase price ($1000s) 0.152* 0.165* 0.125* 0.107* 0.170*
(0.0231) (0.0269) (0.0176) (0.0125) (0.0189)

Buyer expected annual miles (1000s) 0.0355* 0.0192* 0.0248* 0.0215* 0.0212*
(0.00676) (0.00771) (0.00598) (0.00387) (0.00792)

Vehicle weight (1000 lbs) 3.626* 4.057* 2.724* 2.136* 5.170*
(1.412) (1.300) (0.959) (0.816) (1.292)

Engine liters 0.232 0.507 -0.0670 -0.917* 1.132*
(0.493) (0.532) (0.377) (0.249) (0.516)

Education dummy (1 = Has bachelors degree) 0.291* 0.469* 0.345* 0.377* 0.534*
(0.0647) (0.0835) (0.0737) (0.0668) (0.0689)

Lives in urban area (1 = Yes) -0.0596 -0.159 -0.160* -0.0547 -0.156*
(0.0781) (0.0813) (0.0616) (0.0609) (0.0582)

Household income ($1000s) 1.21e-05 0.000235 0.000681 0.00102* -0.000263
(0.000487) (0.000539) (0.000474) (0.000410) (0.000288)

Household size (number of people) 0.124* 0.116* 0.0949* 0.0378 0.167*
(0.0361) (0.0427) (0.0437) (0.0243) (0.0332)

Buyer race dummy (1 = White) 0.398* 0.557* 0.425* 0.348* 0.136
(0.0859) (0.126) (0.0996) (0.0689) (0.0908)

Buyer age (years) 0.00714 0.00948 0.00790 0.00700* -0.00443
(0.00410) (0.00592) (0.00407) (0.00320) (0.00519)

Constant 31.03* 40.24* 37.68* 41.49* 40.35*
(7.982) (9.103) (6.143) (4.297) (9.309)

Observations 58,436 52,873 55,994 52,892 151,571
R2 0.551 0.536 0.546 0.596 0.573

Notes: Standard errors in parentheses are clustered by model year, make, and model (* p<0.05). All dollar amounts
are adjusted to 2017 USD. Columns 1-4 divide the main regression sample into subsamples based on real APR
quartile, where Q1 has the lowest real APRs and Q4 has the highest real APRs. Column 5 runs a similar regression
over a subsample from the MaritzCX survey who indicated that they paid cash for their vehicle and did not use
financing. The “excellent” self-reported credit history category is omitted from all regressions. All regressions include
model year, month, and year fixed effects. Gasoline prices are at the Petroleum Administration for Defense District
(PADD) level, dividing the fifty states into five districts. Controls not shown include vehicle horsepower, torque,
length, width, height, wheelbase, engine cylinders, body style dummies (e.g., sedan, SUV, convertible), and drive
type dummies (e.g., front wheel drive, all wheel drive).
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Table A.5: Hybrid-gasoline sibling pairs in MaritzCX data

Make Model # Hybrids # Non-hybrids
Acura ILX 22 139
Acura MDX 28 129
Acura RLX 17 81
Audi Q5 10 436
Buick Lacrosse 89 237
Buick Regal 39 312

Chevrolet Malibu 172 410
Chevrolet Silverado 22 1913
Chevrolet Tahoe 23 625

Ford Escape 201 247
Ford Fusion 520 734
GMC Sierra 20 2054
GMC Yukon 12 333
GMC Yukon Denali 17 194
Honda Accord 361 694
Honda Civic 348 1532
Hyundai Sonata 681 1074
Infiniti Q50 47 101
Infiniti QX60 28 183
Kia Optima 247 5369
Lexus ES 346 580
Lexus GS 17 316
Lexus NX 87 144
Lexus RX 464 373
Lincoln MKZ 293 214
Mercury Mariner 29 116
Mercury Milan 51 68
Nissan Altima 91 209
Nissan Pathfinder 10 150
Subaru Crosstrek 193 321
Toyota Avalon 249 349
Toyota Camry 393 870
Toyota Highlander 509 840
Toyota RAV4 611 192

Volkswagen Jetta 157 485
TOTAL 6,404 17,194
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Table A.6: Linear probability model estimates with hybrid/gasoline vehicle siblings (controls
shown)
Dependent variable: Purchased hybrid (1 = Yes) (1) (2) (3) (4) (5)

Loan APR, inflation-adjusted (percent) -0.00286 -0.00217 -0.00212* -0.00203* -0.00282*
(0.00178) (0.00149) (0.000986) (0.000972) (0.00112)

Self-reported credit history
(“excellent” is omitted category)

Buyer credit history - good (1 = Yes) -0.00634 -0.0141* -0.0149* -0.0171* -0.0134*
(0.00703) (0.00514) (0.00467) (0.00469) (0.00470)

Buyer credit history - bad (1 = Yes) -0.0241 -0.0235 -0.0239* -0.0270* -0.0191
(0.0128) (0.0121) (0.00990) (0.00922) (0.0102)

Buyer credit history - none (1 = Yes) -0.0749* -0.0429* -0.0474* -0.0437* -0.0424*
(0.0184) (0.0178) (0.0165) (0.0156) (0.0164)

Loan amount ($1000s) 0.00135* 0.00136* 0.00139* 0.00143* 0.00124*
(0.000301) (0.000292) (0.000289) (0.000283) (0.000278)

Loan length (months) -0.000117 -0.000562* -0.000670* -0.000792* -0.000580*
(0.000203) (0.000170) (0.000158) (0.000159) (0.000149)

Purchase price ($1000s) 0.00889* 0.0119* 0.0118* 0.0130* 0.0118*
(0.00180) (0.00186) (0.00177) (0.00180) (0.00172)

Gasoline price (PADD monthly average, $/gal) 0.0120 0.0284 0.0393* 0.0202*
(0.0205) (0.0145) (0.00842) (0.00790)

Buyer expected annual miles (1000s) 0.00250* 0.00162* 0.00161* 0.00151* 0.00167*
(0.000323) (0.000260) (0.000251) (0.000231) (0.000243)

Vehicle weight (1000 lbs) 0.994* 1.458* 1.445* 1.415* 1.469*
(0.125) (0.209) (0.202) (0.195) (0.196)

Engine liters -0.0233 -0.137* -0.121 -0.131* -0.133*
(0.0590) (0.0619) (0.0638) (0.0603) (0.0626)

Education dummy (1 = Has bachelors degree) 0.0358* 0.0306* 0.0292* 0.0276* 0.0287*
(0.00480) (0.00474) (0.00439) (0.00429) (0.00457)

Lives in urban area (1 = Yes) 0.0202* 0.00628 0.00479 0.00595 0.00485
(0.00481) (0.00372) (0.00383) (0.00360) (0.00352)

Household income ($1000s) 6.12e-05 8.05e-05* 8.49e-05* 9.16e-05* 8.24e-05*
(3.62e-05) (2.98e-05) (2.87e-05) (2.81e-05) (2.79e-05)

Household size (number of people) 0.00565* 0.00436* 0.00392* 0.00337* 0.00332*
(0.00172) (0.00133) (0.00132) (0.00131) (0.00132)

Buyer race dummy (1 = White) 0.0113 0.00776 0.00947 0.00790 0.00990
(0.00877) (0.00621) (0.00627) (0.00591) (0.00607)

Buyer age (years) 0.000580* 0.000362 0.000228 0.000269 0.000266
(0.000246) (0.000195) (0.000165) (0.000159) (0.000169)

Constant 5.718* 9.522* 12.38* 10.37* 10.63*
(1.167) (2.753) (2.913) (3.174) (3.271)

Fixed effects:
Model year X X
Month X X X
Year X X
PADD region X
Vehicle sibling X X X X

Observations 23,598 23,598 23,598 23,598 23,598
R2 0.665 0.764 0.771 0.783 0.774

Notes: Standard errors in parentheses are clustered by model year, make, and model (* p<0.05). All dollar amounts
are adjusted to 2017 USD. The “excellent” self-reported credit history category is the baseline category and is omitted
from all regressions. Gasoline prices and regional fixed effects are at the Petroleum Administration for Defense
District (PADD) level, dividing the fifty states into five districts. Controls not shown include vehicle horsepower,
torque, length, width, height, wheelbase, engine cylinders, body style dummies (e.g., sedan, SUV, convertible), and
drive type dummies (e.g., front wheel drive, all wheel drive).
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