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H I G H L I G H T S
� Subsidizing energy-efficient cars has become a popular policy in many countries.

� We are unaware of studies identifying rebound via cars’ subsidization policy.
� We explored a rebound in light of such a policy in Israel.
� Household expenditure survey data, fuel prices and car characteristics were employed.
� We found an average rebound effect of 40%.
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a b s t r a c t

Subsidizing energy-efficient technologies is considered by energy and environmental organizations to be
one of the most effective policies for decreasing energy consumption. In the transportation sector such
policies are becoming ever more popular, and have been implemented in a considerable number of
countries in recent years. Because these policies promote energy-efficient cars with lower usage costs,
they may rebound and increase the distances traveled by households that have switched to energy-
efficient cars. From an econometric perspective, a subsidization policy can be used as a valid instrument
to identify the households’ choice of energy efficiency levels of the cars they own. This identification, in
turn, can be utilized to account for endogeneity in the estimation of a rebound effect. The present study
uses a natural experiment setting of such a policy implemented in Israel in 2009. The empirical results
indicate a fairly large average rebound effect of 40%. The results also indicate that while the policy indeed
encouraged the purchase of energy-efficient cars, households that bought a new or used car during the
surveyed period did not generate a rebound effect of a different magnitude compared with other
households that did not. We discuss the implications of our findings.

& 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Energy-consuming products have long been a key component
in human progress, and are indeed one of the factors best char-
acterizing life in the developed world. Energy supply has thus
become a major concern for policy makers, as has the need for
policies that moderate the different types of damage resulting
þ972 8 6472816.
,
c.il (S. Rosenzweig).
from extensive energy consumption, such as greenhouse gas
(GHG) emission, air pollution and its associated health problems,
resource depletion, etc. (International Energy Agency (IEA),
2008a). In 2008, the IEA published a set of 25 policy re-
commendations in priority areas (e.g., transportation, industry,
and buildings) to aid IEA member countries to address energy,
environmental, and economic challenges driven by extensive en-
ergy consumption (International Energy Agency (IEA), 2008b). A
major policy recommendation for all the priority areas was to
subsidize energy-efficient products, and thereby to incentivize
consumers to purchase these products. It was subsequently shown
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that energy-efficiency policies do indeed play a crucial role in
curbing energy usage (Gillingham et al., 2013). However, as an
energy-consuming product becomes more efficient using it be-
comes cheaper, which provides an incentive to increase the usage
of this product. Consequently, the potential energy savings from
the switch to energy-efficient products are offset, and actual sav-
ings in energy are lower than expected (e.g., Berkhout et al., 2000;
de Haan et al., 2006; de Haan et al., 2009). In light of these find-
ings, there is an ongoing debate as to whether this rebound effect
should be a key consideration in policies that promote energy ef-
ficiency (Frondel and Vance, 2013; Khazzoom et al., 1990) or
whether this effect is minor (Gillingham et al., 2013).

The rebound effect varies among different products, technolo-
gies, and users, and its occurrence and magnitude are thus difficult
to predict. Consequently, when designing policies that encourage
consumers to adopt energy-efficient products (e.g., cars, light
bulbs, refrigerators, and air-conditioners), policy makers generally
fail to account for the potential increase in energy consumption
(Geller et al., 2006). The present study (1) examines the potential
effects of policy measures designed to incentivize energy effi-
ciency through subsidizing energy-efficient products, and (2) uses
the policy to identify households’ decision regarding the energy
efficiency of their car. This identification, in turn, enables the es-
timation of a potential rebound effect in transportation while ac-
counting for endogeneity in choice of car. Specifically, we aim to
estimate a rebound effect in light of a policy that effectively de-
creases, through subsidization, the prices of energy-efficient cars.
The importance of this study lies in its contribution to assessing
the rebound effect in transportation, with the attendant far-
reaching health, environmental, and economic implications, as
discussed next.

1.1. Energy efficiency in transportation

Transportation accounts for about one quarter of energy-re-
lated global GHG emissions and about one fifth of global energy
use. Transportation-related emissions are associated with in-
creased risks of lung cancer, heart disease, and adverse pregnancy
outcomes (World Health Organization, 2010). Recent reports re-
veal that OECD countries spent about 1 trillion US$ in 2010 on
addressing health damages resulting from transportation emis-
sions (Organization for Economic Co-operation and Development
(OECD), 2014). Moreover, transportation-related energy use and
GHG emissions are expected to rise by nearly 26% by 2030, and by
more than 60% by 2050 (International Energy Agency (IEA), 2015;
see also Kahn Ribeiro et al., 2007).

Between 2008 and 2014, the IEA's World Energy Outlook con-
sistently advocated that improving the energy efficiency of new
cars should be the dominant policy for reducing GHG emissions
and saving energy (International Energy Agency (IEA), 2008–
2014). A 2010 IEA brief reported that the subsidization of energy-
efficient cars had indeed become a widely-used energy-efficiency
policy, and that such incentives had been implemented by some
IEA member states, including Japan, the Netherlands, the UK, Ire-
land, Korea, and the USA (International Energy Agency (IEA),
2010). Yet, despite its widespread implementation, such a sub-
sidization policy has not been sufficiently scrutinized to determine
its potential consequences.

Whereas energy-efficient cars are expected to increase distance
traveled because of lower usage costs, such a prediction should be
made with caution, because a reverse causality is possible –

namely, that consumers who drive long distances may choose to
purchase an energy-efficient car, and such a choice cannot re-
present a rebound effect. Accordingly, some scholars treat con-
sumers’ choice regarding their car's energy efficiency as an addi-
tional decision variable (i.e., as an endogenous variable) (Greene
et al., 1999; Puller and Greening, 1999; Small and Van Dender,
2007). An additional factor that is central to consumer decisions
regarding whether to purchase an energy-efficient car is the price
of fuel. Specifically, the history of fuel prices affects the choice of
purchasing energy-efficient cars (Puller and Greening, 1999).

A fairly recent meta-analysis review of previous studies re-
ported a range from �0.4 to �0.8 of fuel consumption elasticity
with respect to price and a range from �0.2 to �0.3 of distances
traveled with respect to price (Litman, 2013). Nonetheless, Frondel
et al. (2008) reported an elasticity of �0.6 for both fuel con-
sumption and distances traveled with respect to price. One of the
implications of a high price elasticity is that fuel pricing policies
(i.e., increasing the tax) are relatively effective in decreasing con-
sumers’ demand for fuel and in reducing distances traveled; par-
ticularly, when the price elasticity is high, policies that increase
energy efficiency and effectively reduce the cost of travel are likely
to generate a substantial rebound effect (Litman, 2013). However,
we are unaware of studies assessing the consequences of policies
that subsidize the purchase of energy-efficient cars. Thus, further
investigation is needed to determine whether the effect on dis-
tance traveled of a policy that subsidizes energy-efficient cars
differs from that resulting from a policy of increasing the price of
fuel.

1.2. The direct rebound effect

Studies have identified three main types of rebound effects
(e.g., Berkhout et al., 2000; Greening et al., 2000; Sorrell and Di-
mitropoulos, 2008): (1) direct rebound effect – an increase in the
use of the focal product, caused by the decrease in its usage costs,
(2) indirect rebound effect – an increase in demand for other
products or for the use of other products, due to an increase in
disposable income caused by the decrease in the focal product's
usage costs, and (3) macro-level rebound effect – a structural ef-
fect on the economy caused by changing demand, production, and
distribution patterns resulting from the decrease in usage costs of
an energy efficient product. For reviews on the various possible
consequences of rebound effects, see Greening et al. (2000) and
Sorrell and Dimitropoulos (2008). The present study focuses on
the direct rebound effect in private transportation, namely, the
potential increase in distance traveled due to the usage of more
energy-efficient cars.

It is customary to measure the magnitude of the direct rebound
effect as a percentage of the potential energy savings, namely,

( )= ( − )
Reboundeffect

CalculatedSavings ActualSavings
CalculatedSavings

%
100

.

For example, a rebound effect of 30% means that only 70% of
engineers’ predictions of energy savings following an improve-
ment in energy efficiency were actually achieved. In other words,
increased consumption offsets 30% of the expected energy savings.
Scholars estimating the rebound effect for private transportation
have reported a wide range of magnitudes. For example, Small and
Van Dender (2007) found a short-run rebound of 4.5% and a long-
run rebound of 22%, whereas Frondel et al. (2008) reported an
average rebound of 56–66%. Based on a meta-analysis of 36 stu-
dies, Sorrell et al. (2009) suggested a long-run rebound effect for
private transportation of 10–30% in OECD countries.

However, some of these estimates do not consider the like-
lihood of endogeneity in the consumers’ decision to own an en-
ergy-efficient car. While it is expected that individuals who drive
more would purchase an energy-efficient car, instrumental vari-
ables for solving this measurement problem are scarce. To the best
of our knowledge, no studies to date have examined the rebound
effect using a policy that subsidizes energy-efficient cars as a
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strategy to endogenize the consumers’ decision to own an energy-
efficient car.
2. Data

A subsidization policy that was implemented in Israel in August
2009 replaced the traditional fixed sales tax of new private cars in
two ways. First, the tax rate was updated from a fixed 75% to a
maximum of 92%. Second, a differential subsidy that accounts for
the car's environmental externalities (pollution-generation po-
tential) was set. Specifically, the government established a “Green
Meter”, which rates each car according to its pollutant emissions,
and groups cars into 15 categories according to their pollution
levels, where category 1 is the least pollutant and category 15 is
the most pollutant. A subsidy off the baseline of 92% tax is de-
termined according to the pollution level of each category. The
subsidized sales tax is paid as a lump sum upon purchasing a new
car from its importer (Israel Ministry of the Treasury, 2009). For
example, energy-efficient cars in category 3 enjoy a sales tax re-
duction of 13,750 NIS (New Israeli Shekel), whereas the least en-
ergy-efficient cars in catogory 15 levy the maximal 92% tax. Ap-
pendix A provides a detailed description of the policy, and its
pollution categories and tax and subsidy rates.

Effectively, the policy decreased the price of – and increased
demand for – cars with higher energy-efficiency levels. Fig. 1
shows a report of the Israel Tax Authority that demonstrates the
increase in the market share of less-polluting cars in the years
following the implementation of the policy.

The policy introduced an exogenous price shock to the car mar-
ket. As a result, prices of new cars directly and immediately de-
creased. In addition, since new and used cars are close substitutes,
the prices of used cars adjusted accordingly. Moreover, the prices of
energy-efficient used cars dropped as soon as their newer models
were subsidized. This effect was indirect, but still immediate.

2.1. Overview of the private car market in Israel

During the past 10 years, the private car market in Israel has
experienced an average growth of 4.4% per year, with 2,457,200
Fig. 1. Distribution of new cars markete
privately-owned cars on the road at the end of 2014. The average
number of new private cars sold during 2007–2008 was 83,724,
and this number increased to 96,403 during 2010–2011 (Israel
Central Bureau of Statistics, 2014). Israel Tax Authority (2012) data
indicate that the deduction in the price of new cars that followed
the implementation of the new policy was accompanied by an
erosion in the prices of used cars. Another trend observed in the
Israeli car market was a growing demand for cars with manual
gears, which are usually more energy efficient (Israel Tax Au-
thority, 2010).

Importantly, two unique features characterize the Israeli car
market and make it a particularly suitable context in which to
examine the occurrence of a rebound. First, no private cars are
manufactured in Israel – all cars are imported. This fact eliminates
a potential differential impact of the policy on imported vs. do-
mestic cars through adjustments in local markets, thus eliminating
potential local effects. Second, because the entire stock of fuel in
Israel is imported, and the government determines a fixed mark-
up, fuel prices in Israel are uniform and can be treated as exo-
genous. Hence, the economic environment of the Israeli private car
market makes the identification of the rebound effect more
precise.

2.2. Data sources

We used household survey data provided by the Israel Central
Bureau of Statistics (CBS), to which we added supplementary data
from other sources. The subsidization policy described above was
implemented in August 2009. To use it as an effective instrument,
we examined household behavior with respect to private trans-
portation patterns two years before (2007, 2008) and two years
after (2010, 2011) the implementation of the policy. Our sample
comprised 8299 observations (about 2000 for each year). Each
observation represented a single household, with each household
being surveyed only once. A household was included in the sample
only if it owned at least one car. Households that used company
cars were excluded, because their traveling habits differ from
those of other households, namely, their monthly distances tra-
veled tend to be twice as high as the distances traveled by
households with privately-owned cars (Israel Central Bureau of
d in 2008–2012 by pollution levels.
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Fig. 2. Distribution of households’ kilometers traveled per month.
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Fig. 3. Distribution of households’ cars’ energy efficiency.
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Statistics, 2012; Shiftan et al., 2012). Our data set covered a variety
of car characteristics, including brand, type, model year, engine
size, and monetary value. Additionally, the data set included the
household's fuel consumption and whether the household had
purchased a new or a used car during the surveyed year. The data
set also contained socio-economic and demographic data, in-
cluding education and income levels, number of persons up to and
over 18 years old in the household, residential area, employment
status, and other variables that may affect distances traveled and
choice of car in terms of its energy-efficiency level. We retrieved
energy-efficiency data from two different sources. First, for each
car model we collected information regarding energy efficiency as
stated by the car manufacturers. However, since such data are
likely to be biased because car manufacturers tend to report ex-
aggerated energy-efficiency levels (Dings, 2013), we also retrieved
data on the car's energy efficiency from a large consumer-gener-
ated database that is publically available.1 We used the average
energy efficiency reported by consumers and cross-checked the
consistency of these data by matching them with the information
stated by car manufacturers, establishing the reliability of the
consumer-generated energy efficiency reports. We ran our model
with both manufacturers’ and consumers’ energy-efficiency re-
ports, and found no significant differences between the results.

Because fuel prices in Israel are uniform, we were in the
comfortable situation of being able to use a single time series of
fuel prices. We used data from the Israel Ministry of National In-
frastructures, Energy and Water Resources, and matched each
household with the price of fuel during the month it was surveyed.
Similarly, to account for historical fuel prices (that may have af-
fected households’ preference for an energy-efficient car), we
calculated for each household the average fuel prices in the 6 and
12 months preceding the month it was surveyed. Using the Con-
sumer Price Index, we adjusted the nominal local currency (NIS) to
2014 real values (i.e., income, fuel prices, and car value).

Following Puller and Greening (1999), we coded the house-
holds’ kilometers traveled as missing for households that reported
a fuel consumption of less than 5 l per month.

2.3. Descriptive statistics

The main focus of our analysis was households’ distance tra-
veled and the average energy efficiency of the households’ cars.
Fig. 2 shows the distribution of kilometers traveled per month in
our sample. The distribution is single-peaked, with a mean of
321.83 km per month. Fig. 3 shows that the cars’ energy efficiency
has a single-peak distribution, with a mean of 12.98 km per liter.

Because both kilometers traveled and energy efficiency may be
affected by changes in fuel prices, it was important to examine fuel
price dynamics and government control over local fuel prices.
Fig. 4 illustrates the dynamics of real fuel prices in Israel and real
world oil prices (Israel Ministry of National Infrastractures, Energy
and Water Resources, 2015; U.S. Energy Information Administra-
tion, 2015). The strong correlation between the two price series
indicates the consistency by which the Government of Israel keeps
the prices in close correspondence with those on world markets.
This situation constitutes an advantage for our analysis: in the
absence of government-controlled fuel prices, the adoption of
energy-efficient cars that decrease the demand for fuel may gen-
erate a price response, such that the net effect of a potential re-
bound becomes complex to estimate. Because fuel prices in our
setting closely correspond with those on world markets, they can
be treated as independent of any trend in energy efficiency of the
national car fleet.
1 www.kml.co.il
Table 1 presents the summary statistics of the variables in our
study, including kilometers traveled per month, the average en-
ergy efficiency of all cars in a household, and fuel prices. The
average monthly income for a household was 15,926 NIS, and the
average price per liter of fuel was 7.14 NIS. The average number of
cars per household was 1.24, and households that purchased a
new car during the surveyed years constituted about 5% of the
sample. 43% of households were situated in periphery areas. The
average age of the head of the household was 46. Among the
household heads, 31% were women, 32% were holders of an aca-
demic degree, 26% did not have a spouse, and 16% were self-em-
ployed. Table 2 presents summary statistics of some key variables
before and after the implementation of the policy, demonstrating
that the sample characteristics were largely consistent across the
two examined periods. Importantly, whereas the average energy
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efficiency increased by 3%, the variance in the energy efficiency of
cars increased by about 30% – from 2.66 before the implementa-
tion of the policy to 3.46 post implementation.
3. Methodology

Energy efficiency (m) may be defined as the input energy
(e) required for an energy-consuming product to perform a single
unit of work (s), i.e., m¼s/e. Our study used kilometers per liter as a
measure of energy efficiency. The cost of energy per kilometer (ps)
is given by = μp p/s , where p is the price of fuel at the pump. In the
absence of a rebound effect, an improvement in energy efficiency
(Δm40) will keep kilometers traveled fixed (Δs¼0), and the de-
mand for energy will decrease proportionally to the improvement
in energy efficiency. But because energy improvements reduce
usage cost per kilometer ( ps), as long as fuel price elasticity is
within the normal range the number of kilometers traveled is
likely to increase (Sorrell and Dimitropoulos, 2008).

We define this potential increase in kilometers traveled as a
direct rebound effect. More precisely, it is the percentage change
in kilometers traveled due to a 1% change in the cars’ energy ef-
ficiency. This is also described as the elasticity of demand for
kilometers traveled with respect to energy efficiency (e.g., kilo-
meters per liter), depicted as: η ( ) = =μ μ μ μ

μs ds s
d

ds
d s

/
/

. This is a con-

venient description of the rebound as it can also be expressed as

μ
dlns
dln

, which in turn facilitates a straightforward econometric mod-

eling (e.g., Berkhout et al., 2000; Frondel et al., 2008).2

Following Greene et al. (1999) and Small and Van Dender
(2007), we address the endogeneity of consumers who choose cars
with a particular energy efficiency level based on the number of
kilometers they expected to travel, by simultaneously estimating
kilometers traveled and energy efficiency. We assume that con-
sumers decide how many kilometers to travel ( s) by taking into
consideration the fuel efficiency of their cars ( μ), fuel prices ( )p ,
household income (m), the number of cars they own (c), and other
exogenous variables that may affect kilometers traveled ( X). Si-
milarly, consumers choose to own a car characterized by a certain
level of energy efficiency, taking into consideration the kilometers
they plan to travel, history of fuel prices ( lp), household income,
2 Note that ( )=d lns ds,
s
1 and similarly: μ μ( )=

μ
d ln d1 , and therefore:

η= = ( )
μ μ

μ
μ

( )
( )

sd lns
d ln

ds
s

d
.

car age (a), car value (v), and other exogenous variables that may
affect cars’ energy efficiency choice ( Z ). Finally, we utilize the
policy implemented in Israel in 2009 for identification purposes
( τ), as the policy is expected to have had an effect on energy ef-
ficiency but not directly alter kilometers traveled.

We wish to emphasize that when considering the new prices
resulting from the policy, households could have made one of the
following three decisions: (1) buy a new car, (2) buy a used car, or
(3) stick with the car they owned. Because we examine the rebound
effect for the entire car pool, it is crucial that we account for all three
decisions. This is important because, for example, if a household
chooses not to purchase a new car and thereby remain with its
current choice of energy efficiency, there may be unobservable
reasons for doing so, and omitting these households from the
sample would result in biased estimates. In other words, if we omit
one or more of these household groups, we may create a selection
bias with respect to the rebound effect that we seek to measure.

These assumptions create the following structural model:

μ μ μ τ= ( ) = ( ) ( )s s p m c X s lp m a v Z, , , , , , , , , , 1

The rebound effect is estimated by a reduced form of the
structural model, by integrating the second equation into the first
and solving for s (and vice versa), where ŝ denotes the solution:

μ τ τ^ = [ (^ ) ] ≡ ^( ) ( )s s s lp m a v Z p m c X s lp m a v p c Z X, , , , , , , , , , , , , , , , , 2

The solution of the reduced-form equation involves the pre-
diction of the endogenous variable by using the exogenous vari-
ables of the first equation with instrumental variables. For this
purpose, we used a two-stage least squares (2SLS) model, which
predicts the endogenous variable using instrumental variables in
the first stage, and then uses the predicted value to estimate its
effect on the dependent variable in the second stage. This same
procedure was used for both the energy efficiency equation (in
which the endogenous variable is kilometers traveled) and for the
kilometers traveled equation (in which the endogenous variable is
energy efficiency) (Wooldridge, 2002). To examine whether the
lower usage costs rebound and increase kilometers traveled, the
coefficients in the following set of equations were estimated:

∑

∑

β β μ β β β β β

β ε

μ γ γ γ γ γ γ

γ γ τ γ φ

( ) = + ( ) + ( ) + ( ) + + +

+ +

( ) = + ( ) + ( ) + ( ) + ( ) +

( ) + ( ) + + +
( )

= −

= −

s p m c n u

X

s lp lp m

a v Z

ln ln ln ln

ln ln ln 6 ln 12 ln

ln ln ,
3

i i i i i i i

k

K

k
ik i

i i i i i

i i j

J

j
ij i

0 1 2 3 4 5 6

7 6

0 1 2 3 4 5

6 7 8 7

where ni and ui indicate the purchase of new or used cars, re-
spectively, and lp6i and lp12i are the lagged fuel prices calculated
as the average fuel price in the 6 (12) months preceding the sur-
vey, respectively, namely, variables that likely affect consumers’
decisions regarding the energy efficiency of the cars they own.
Variables included in X are: age and square age of the head of the
household, number of individuals under the age of 18, and number
of individuals above the age of 18; and the following dummy
variables: head of household is self-employed, no spouse, head of
household has an academic degree, head of household has a ma-
triculation certificate, head of household is a woman, both head of
household and spouse are unemployed, and residency in a per-
iphery area. Variables included in Z are: age and square age of the
head of household, number of individuals under the age of 18,
number of individuals above the age of 18; and the following
dummy variables: head of household has an academic degree,
head of household has a matriculation certificate, head of house-
hold is a woman, both the head of the household and spouse are
unemployed, and residency in a periphery area.



Table 2
Selected summary statistics before and after the implementation of the policy.

2007–2008 2010–2011

Variable Minimum Maximum Mean Std. deviation Minimum Maximum Mean Std. deviation

Kilometers traveled (km/month) 50 1739.87 318.08 198.15 50.06 1784.88 324.46 201.77
Average energy efficiency of all cars in household (km/liter) 6.12 24.20 12.79 1.63 5.89 25.60 13.18 1.86
Real fuel prices (NIS*/liter) 5.62 7.89 7.04 .52 6.73 7.86 7.25 .32
Real lagged fuel prices (6-month average) 6.25 7.54 7.07 .29 6.86 7.65 7.21 .29
Real lagged fuel prices (12-month average) 6.80 7.37 7.04 .18 6.51 7.55 7.10 .25
Real net monthly income (NIS*)a �49,218 191,100 15,804 10,251 �40,111 457,032 16,540 13,999
Cars in the household (#) 1 4 1.23 .46 1 4 1.29 .51
Bought a new car (yes/no) .00 1 .06 .23 .00 1 .04 .20
Bought a used car (yes/no) .00 1 .13 .33 .00 1 .15 .36
Bought an energy-efficient carb .00 1 .01 .11 .00 1 .02 .13

* $1E4 NIS.
a A negative income is possible for households holding a business bank account. The average net real monthly income in Israel during the four examined years was

12,525 NIS; our sample includes households owning at least one car and therefore the average net real monthly income is higher.
b Refers to new and used cars with an energy efficiency level of 15.58 km per liter or higher, which reflects the average level of energy efficiency in the fourth pollution category.

Table 1
Summary statistics, full sample.

Variable Minimum Maximum Mean Std. deviation

Kilometers traveled (km/month) 50 1784.88 321.83 205.06
Average energy efficiency of all cars in household (km/liter) 5.89 25.60 12.98 1.83
Real fuel prices (NIS*/liter) 5.62 7.89 7.14 .45
Real lagged fuel prices (6-month average) 6.25 7.65 7.14 .30
Real lagged fuel prices (12-month average) 6.51 7.55 7.08 .22
Real net monthly income (NIS*)a �49,218 457,032 15,926 12,378
Cars in the household (#) 1 4 1.24 .47
Average age of cars in household (# of years) .00 46 7.99 5.04
Real value of all cars in household (NIS*) 1065 855,867 55,045 46,615
Residency in a periphery area (yes/no) .00 1 .43 .49
Age of the head of household 17 93 46.16 14.88
Household head has an academic degree (yes/no) .00 1 .32 .47
Household head has a matriculation certificate (yes/no) .00 1 .33 .47
No spouse (yes/no) .00 1 .26 .44
Head of household is a woman (yes/no) .00 1 .31 .46
Head of household is self-employed (yes/no) .00 1 .16 .37
Head and spouse do not work (yes/no) .00 1 .09 .28
Individuals under 18 in household (#) .00 12 1.16 1.48
Individuals aged 18 and up in household (#) 1 11 2.38 1.04
Bought a new car (yes/no) .00 1 .05 .21
Bought a used car (yes/no) .00 1 .13 .34

* $1E4 NIS.
a A negative income is possible for households holding a business bank account. The average net real monthly income in Israel during the four examined years was

12,525 NIS; our sample includes households owning at least one car and therefore the average net real monthly income is higher.
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Importantly, using this method allows us to examine the ex-
istence and assess the magnitude of the rebound effect by esti-
mating the coefficient β1, as it stands for the elasticity η ( )μ s .
Moreover, we wish to emphasize that the rebound we seek to
measure is not confined to the implemented policy. Rather, it is a
general phenomenon characterizing the “taking back” of potential
energy savings in the use of improved energy-efficiency technol-
ogy. As there were energy efficient cars before as well as after the
implementation of the policy, we base our analysis on a re-
presentative sample of all households with at least one car.
4. Results and discussion

This section will present and discuss the results of this study.
We begin by describing the main findings of our simultaneous
equations model. We then explain the meaning of loss of energy
savings in light of the estimated rebound effect, and focus on the
impact of fuel prices on fuel consumption in the Israeli private
transportation market. Finally, we report and discuss some addi-
tional findings of our analyses.
4.1. Main results

Tables 3 and 4 present the simultaneous estimations of kilo-
meters traveled and energy efficiency. The kilometers traveled
model (Table 3) suggests that energy efficiency positively affects
kilometers traveled, indicating the occurrence of a rebound. The
energy efficiency model (Table 4) suggests that (1) kilometers
traveled are positively and significantly associated with con-
sumers’ choice of their cars’ energy efficiency, emphasizing the
importance of accounting for endogeneity in this estimation; and
(2) the implementation of the policy positively and significantly
affects consumers’ choice of cars’ energy efficiency, emphasizing
the effectiveness of using the policy as an instrument.

4.2. Rebound effect and energy savings

The kilometers traveled model demonstrates that the esti-
mated average rebound was fairly high, suggesting that about 40%
of the potential energy savings due to an improvement in energy
efficiency are lost to increased driving.

Recall that the average household in our sample has a driving



Table 3
km traveled model.

Variable Coefficient (SE)

ln(average energy efficiency of all cars in household) (km/
liter)

.400 (.190)**

ln(real fuel prices) (NIS*/liter) � .661 (.123)***

ln(real net monthly income) (NIS*) .148 (.016)***

Cars in the household (#) .094 (.019)***

Residency in a periphery area (yes/no) .049 (.017)***

Age of the head of household .003 (.004)
Squared age of the head of household � .000 (.000)**

Household head has an academic degree (yes/no) .105 (.022)***

Household head has a matriculation certificate (yes/no) .034 (.020)*

No spouse (yes/no) � .029 (.022)
Head of household is a woman (yes/no) � .021 (.018)
Head of household is self-employed (yes/no) � .394 (.024)***

Head and spouse do not work (yes/no) .050 (.036)
Individuals under 18 in household (#) .024 (.007)***

Individuals aged 18 and up in household (#) .026 (.009)***

Bought a new car (yes/no) .752 (1.99)
Bought a used car (yes/no) � .332 (1.01)
Bought a new car X ln(average energy efficiency of all cars in
household)

� .271 (.396)

Bought a used car (yes/no) X ln(average energy efficiency of
all cars in household)

.135 (.396)

Intercept 4.183 (.593)***

Number of observations 8299

*$1E4NIS
* p o .1
** p o .05
*** p o .01

Table 4
Energy-efficiency model.

Variable Coefficient (SE)

ln(kilometers traveled) (km/month) .062 (.010)***

Implementation of the policy (yes/no) .020 (.003)***

ln(real net monthly income) (NIS*) � .036 (.003)***

Real lagged fuel prices (6-month average) .002 (.008)
Real lagged fuel prices (12-month average) .002 (.011)
ln(real value of all cars in household) (NIS*) � .047 (.003)***

ln(average age of cars in household) (#) � .087 (.003)***

Residency in a periphery area (yes/no) .018 (.003)***

Age of the head of household � .003 (.001)***

Square age of the head of household .000 (6.92e-06)***

Household head has an academic degree (yes/no) .012 (.004)***

Household head has a matriculation certificate (yes/no) .008 (.004)**

Head of household is a woman (yes/no) .007 (.003)**

Head and spouse do not work (yes/no) � .020 (.007)***

Individuals under 18 in household (#) � .010 (.001)***

Individuals aged 18 and up in household (#) � .005 (.002)***

Intercept 3.268 (.074)***

Number of observations 8299

*$ 1E4 NIS.
* p o .1
** p o .05
*** p o .01
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record of 321.83 km per month, in a car with an energy-efficiency
level of 12.98 km per liter and consumes 24.79 l of fuel per month.
A 40% rebound effect means that households for which the energy
efficiency of their car improved by 1% increased their kilometers
traveled by 0.40%. Thus, if for the average household the energy
efficiency of the car was increased by 10% (i.e., to 14.28 km per
liter), the household's kilometers traveled were expected to in-
crease by 12.87 km per month. Whereas the potential decrease in
fuel consumption was 2.25 l per month, the actual savings were
only 1.35 l per month, which constitute 60% (100%–40%) of the
potential energy savings.
4.3. The impact of fuel prices

Our findings regarding the elasticity of kilometers traveled with
respect to fuel prices may provide relevant insight for a fuel pri-
cing policy (e.g., Pigovian tax). We found the elasticity of kilo-
meters traveled with respect to fuel prices to be �0.66, indicating
that an increase of 1% in fuel prices leads to an average decrease of
0.66% in kilometers traveled. Importantly, the energy efficiency
equation suggests that Israeli drivers are insensitive to historical
prices of fuel when deciding on the extent of energy efficiency of
the car they own (Table 4). We further discuss this point below.
Coupling these two observations may generate a concrete policy
implication. A Pigovian tax of 10% that increases fuel prices from
7.14 to 7.85 NIS per liter would decrease the average household’s
kilometers traveled by 6.6%, i.e., from 321.83 to 300.59 km per
month. Therefore, under a pricing policy that increases fuel prices
by 10%, the energy efficiency levels of cars are not expected to
change, and the predicted impact of this policy is that the average
household will reduce its fuel consumption by 1.74 l per month.

4.4. Additional findings

We found a plausible elasticity of kilometers traveled with re-
spect to income (0.15), and that a high income decreased the
likelihood for a household to own an energy-efficient car. A pos-
sible reason for the negative relationship between income and
energy-efficiency level is that expensive cars (e.g., luxury cars and
SUVs with a high engine capacity) are typically less energy effi-
cient. We also found a positive and significant association between
head of household's education and both kilometers traveled and
energy efficiency (above and beyond income), indicating that
households with an educated household head tend to drive more,
but they do so in relatively energy-efficient cars. Similarly, we
found that households in which the head of the household is a
woman tend to own cars with a higher energy efficiency. For the
categories of both education and women heading the household,
owning an energy-efficient car is consistent with these char-
acteristics being positively associated with high environmental
awareness (Diamantopoulos et al., 2003).

Another important finding of our empirical estimation was that
households in peripheral areas owned cars with higher energy
efficiency than households in central areas, and they used them
more. The more intense driving of households in the periphery
reflects their need to travel more. However, further investigation is
needed to determine whether this intense driving habit, due to
higher accessibility to relatively energy-efficient cars, reflects an
opportunity to improve the welfare of periphery households
compared with households in central areas.

We found that the number of children in the household, like
the number of adults, was positively associated with kilometers
traveled but negatively associated with the energy efficiency of
cars, perhaps because having a higher number of individuals en-
courages the household to own a larger, hence less energy-effi-
cient, car.

We also found that, as expected, the number of cars positively
affected kilometers traveled, and that a household travelled about
39% less when the head of the household was self-employed,
which could be because some of these households’ heads do not
commute to their workplace every day. Regarding car value and
car age, we found that both were negatively associated with the
cars’ energy efficiency; the former is consistent with the fact that
expensive cars usually have a high engine capacity that is less
energy efficient, and the latter is consistent with the fact that older
cars tend to be less energy efficient.

Importantly, households that bought a new or a used car during
the surveyed period did not generate a rebound effect of a
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different magnitude (captured by the dummy variables and their
interactions with energy efficiency, as can be seen in Table 3).
Given that a rebound is observed (β¼0.40; po0.05) but the
coefficients of the interactions are insignificant, there is no evi-
dence that the behavior of households that bought a new or a used
car is different from the behavior of other households in terms of
the contribution to the rebound effect. Namely, households with a
higher-efficiency car (whether switching due to the policy or any
other reason), generate, on average, a rebound effect of the same
magnitude as the rest of the population (i.e., 40%). This result is
plausible because there is no reason for there to be a fundamental
difference in the behavior of these households compared with
other households that might generate a rebound of a different
magnitude. Namely, the rebound occurs not directly because of the
policy or because of the purchase of a car, but due to the energy
efficiency level of the car.

Finally, the observation that historical fuel prices had no sig-
nificant effect on energy efficiency is not trivial, because one ex-
pects that high prices will encourage the purchasing of cars with
low usage-costs (see Archibald and Gillingham, 1980; Puller and
Greening, 1999). One possible explanation is that up to two years
following the implementation of the policy, consumers were still
unaware of the potential savings associated with switching to
energy-efficient cars. Another plausible reason is that individuals
in Israel do not expect fuel prices to be consistent over time,
therefore, they do not consider historical fuel prices to be good
indicators of the expected savings associated with switching to an
energy-efficient car.
5. Conclusion and policy implications

The main objective of this study was to measure a rebound
effect while controlling for the endogeneity of the households’
choice of energy efficiency level of the car they own. To do so, we
used a policy that subsidizes energy-efficient cars as an instru-
mental variable. We used a simultaneous equations model to
measure the occurrence and magnitude of the rebound effect. Our
empirical results indicate an average rebound effect of 40%, and a
relatively high kilometers-traveled elasticity with respect to fuel
prices of approximately �0.66. This elasticity may be useful in
evaluating the effectiveness of a fuel pricing policy in decreasing
kilometers traveled, as it represents consumers’ short-term re-
sponse to changes in fuel prices. Next, we discuss the implications
of our findings with respect to the advantages and disadvantages
of a technology-subsidization policy versus a fuel-pricing policy.

First, a major potential benefit of a policy that subsidizes en-
ergy-efficient cars is that the increased demand for these cars will
incentivize manufacturers and importers to introduce a larger
variety of energy-efficient cars, thereby expanding the range of
energy-efficient cars available on the market. A larger range of
energy-efficient cars increases consumer choice, and decreases car
prices due to increased competition. Thus, by taking measures
directed towards consumers, the government increases consumer
welfare, but also incentivizes technology improvements through
promoting energy-efficient technologies. Recall that the variance
of cars’ energy efficiency in our sample increased by about 30%.
Similarly, Fig. 1 indicates that the share of energy-efficient cars
increased after the implementation of the policy. These increases
signify an increase in the range and share of energy-efficient cars
owned by Israeli households, indicating the positive effect of the
policy on consumers’ preference for energy-efficient technology.

Second, unlike a fuel pricing policy that decreases demand for
kilometers traveled, subsidizing energy efficiency does not de-
crease kilometers traveled, thereby contributing to economic ac-
tivity. Moreover, given that periphery households travel more,
increasing subsidization will result in increased traveling of per-
iphery residents, promoting progressiveness toward periphery
residents compared with households located in central areas.

However, one drawback of a subsidization policy may be that
lower prices of energy-efficient new cars will immediately affect
respective used car prices. Subsidizing a specific car model im-
mediately and proportionally affects the price of used cars of the
same model (otherwise consumers would prefer the new model
over the old one). By affecting the prices of used cars, the policy is
likely to indirectly increase energy consumption. First, used cars
tend to be less energy-efficient, because of both technological
progress in the automobile industry and engine depreciation.
Second, the decrease in the price of used cars makes them more
accessible to consumers that, due to financial reasons, had used
public transportation in the past. Moreover, a price decrease
eventually diffuses to other car models on the used car market.
Overall, consumers purchasing a new car, consumers purchasing a
used car, and consumers shifting from public to private transpor-
tation and thereby increasing kilometers traveled, all reflect a
growth in the consumption of private transportation and con-
tribute to the underlying reason for the 40% rebound effect we
found. The increase in disposable income resulting from lower
usage costs enables consumers to purchase other goods, some of
which may be energy-consuming. The literature refers to this
latter consumer behavior as an indirect rebound effect.

The high price elasticity that we found indicates that a fuel
pricing policy may considerably decrease energy consumption.
Given that the decision of the Israeli consumer to purchase an
energy-efficient car does not seem to be affected by historical fuel
prices, the energy-efficiency levels of cars are not expected to
change under a pricing policy that increases fuel prices, and on
average, households will directly decrease their demand for en-
ergy. A second major benefit of such a policy is that higher fuel
prices resulting from the additional tax may have a progressive
effect, because low-income households tend to own fewer cars
and to drive them less than high-income households (Buchs et al.,
2011). However, our regression results should be treated with
caution, as the estimated coefficient of the price elasticity re-
presents responses to marginal changes in prices. The literature
suggests that if the tax increase is substantial, in the long run some
households will decrease the use of their car, thereby negatively
affecting economic activity, and other households may purchase a
more energy-efficient car to cut expenses – but this may generate
a rebound.

Considering the advantages and disadvantages of both policy
strategies, we advocate using subsidization of energy-efficient cars
and fuel taxes as complimentary components in a policy aimed at
decreasing energy consumption. In particular, while the subsidiz-
ing of energy-efficient cars increases the share of these cars on the
market, it also encourages households to increase their kilometers
traveled. The latter may be moderated using a corresponding fuel
tax. Therefore, we suggest applying a policy that subsidizes the
purchase of the car on one hand and levies tax on the marginal use
that generates the externality on the other hand.

This study has several limitations that serve as opportunities
for future research. First, in terms of data availability, time series
data would have enabled us to estimate whether consumers who
chose to increase their cars’ energy efficiency following the in-
troduction of the policy (i.e., to buy a new, energy-efficient car) did
indeed subsequently change their kilometers traveled. Further-
more, the data do not allow us to identify households that swit-
ched from public transportation to a private car, or from a less
efficient to a more energy-efficient car. Time series data would
have enabled us to measure the sources of the direct rebound
effect mechanism more precisely. Unfortunately, time series data
of household expenditures are not collected by the Israel Central



Table A1
A detailed structure of car categories and corresponding tax rates.

Pollution level The green meter Tax rate Sales-tax reduction (NIS)

1a 0–50 10–30%
2b 51–130 30–92%

51–130 92%c 15,000
3 131–150 13,750
4 151–170 12,000
5 171–175 10,500
6 176–180 9250
7 181–185 8250
8 186–190 7250
9 191–195 6500
10 196–200 5500
11 201–205 5000
12 206–210 4000
13 211–220 3250
14 221–250 2000
15 251–400 –

a The first pollution category includes emissions-free cars (e.g., electric). The
purchase tax rate in this group is set at 10% in 2009–2014 and 30% in 2015–2019.

b The second pollution category is divided into two groups according to the
type of the car's engine. For cars with an alternative engine (e.g., hybrid) the pur-
chase tax rate is set at 30% in 2009–2012, 45% in 2013, and 60% in 2014. For cars
with a regular engine, the purchase tax is set at 92% with a reduction of 15,000 NIS.
Starting in 2015, the two categories are merged, and the sales tax rate in the
merged group is set at 92% with a reduction of 15,000 NIS.

c For all the other categories, the baseline sales tax is 92%, and upon purchase
consumers enjoy a one-time tax reduction in accordance with the car's pollution
category.
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Bureau of Statistics. Second, data that include additional years
would have enabled us to examine the consistency of the rebound
over time. From a policy perspective, it would be useful to know
whether a rebound in the presence of a subsidization policy is
persistent, increases, or declines over time. Third, in terms of
methodology, we use the implementation of the policy as an in-
strumental variable. It is possible that other relevant factors took
place at the point that the policy was launched, of which we are
unaware. If this were the case, although by statistical criteria the
instrumental variable is adequate, it may capture more than just
the policy. However, to the best of our knowledge such factors did
not take place during the examined period in Israel. Finally, in
terms of the generalization of our results, as described in Section
2.1, the Israeli car market is characterized by controlled fuel prices
and only imported cars. These conditions, which provide a unique
environment for measuring the rebound effect, may be dramati-
cally different in other countries, leading to differences in the
magnitude of the estimated rebound.
Appendix A

The “Green Taxation” policy uses the following components:
(1) the “green meter” – a formula for calculating pollution levels of
cars:

* + * + * + * + *CO HC NO PM CO500 900 10,000 20,000 30
30

X 2

and (2) a table that categorizes cars’ pollution level, as calcu-
lated in the formula, into 15 pollution levels and determines the
corresponding incentive for each category (Israel Ministry of the
Treasury, 2009) (Table A1).
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