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GREEN TAXATION: THE INFLUENCE AND DESIRABILITY OF HE FEEBATE
SCHEME IN THE ISRAELI NEW CAR MARKET

ITAMAR MILRAD *

Abstract

In August 2009, a “green taxation” reform was idwoed in Israel. The
reform included raising the purchase tax on neve @ad giving rebates to
consumers based on the emissions level of the leeflibis scheme is similar
to other “Feebate” systems around the world. Iis #tudy, | estimate the
demand equation for a new car, subject to varicegments and cross
elasticities, using a nested logit model. | finattiprice and emissions level
have a negative influence on a car’s market shahéle “efficiency” and
“safety” have a positive influence. Moreover, thess-elasticity of “car
model” is higher between cars from the same segment

Using the coefficients of these regressions, | thiemulate the effect of
removing the green rebate. Excluding the greenteeln@reases both public
revenues from taxation and the emissions from reew, avhile also reducing
new car purchases. When keeping the number of mewwchases constant
by simultaneously reducing the purchase tax on cams, | find that public
taxation revenues and emission levels rise. Howebher cost estimation of
the additional externalities from emissions is Higantly lower than the
revenue lost when keeping the green taxation retmstant, which puts the
desirability of the program in question from a gawaent perspective.

| also find that the green score update, which ceduebates beginning in
January 2015, could not be replaced by a redudtiche purchase tax, and
that maximum revenues from taxation (Laffer Curveéak) are obtained
when the purchase tax is 99 percent (before thengiebate), making total tax
payment (including VAT) 44.98 percent of the fia&krage new car price.
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1. INTRODUCTION

The transportation sector is the largest final gpeonsumer around the world, accounting
for 27 percent of worldwide energy consumption @&dpercent of carbon dioxide (GO
emissions (IEA, 2013). Current projections poinatdoubling of transportation emissions
by 2050 (OECD, 2012). Such figures have encouragdidymakers to find new solutions
for reducing emissions in the overall sector, grec#ically in the private car market.

Until recently, the main policy tools used to redwmissions were fuel taxes meant to
decrease automobile use, fuel economy standardgneedsto motivate manufacturers to
make fuel-efficient vehicles, and registration febat increase with engine capacity,
horsepower, and weight base (all of which correlatth emission levels). Recently,
policymakers have been examining and implemeniiodstdesigned to reduce emissions
directly. One of these new tools is the Feebatéeryswhich motivates consumers to buy
vehicles with low CQ emissions by providing rebates for such vehicdesl discourages
them from buying vehicles with high G@missions by implementing fees. In other words,
this system changes relative car prices by subsgligreener’ cars with revenues from
fees on high-emission cars.

The Feebate system has been introduced in som@é&amaountries, including France
(2008), Germany (2009), Ireland (2008), and Swe@gril 2007—June 2009), and other
countries like Canada (2007). The ‘Clean Car Distoprogram, which attempted to
introduce the system into California in 2008, fdil® pass. In Israel, the system was first
introduced in August 2009. The method in Israel wagaise the purchase tax on private
and commercial vehicles and to give rebates to woess based on the level of car
emissions.

The Feebate system has some advantages. It enesufagpurchase of low-emission
vehicles and can complement fuel taxes, which atg@aopular and are already quite high in
many countries. It can be planned as revenue heuateaning that the fees cover the
rebates. Consumers often fail to calculate theftidl price when choosing a vehicle (e.g.,
Allcott and Wozny, 2014), so the system can fix soaf their underestimation. It also
provides a continuing incentive to improve fuel momy as new technologies are
developed (Gordon and Levenson, 1989). However,Féebate system also has some
disadvantages, including that it is suited onlyntw vehicle purchases, and it focuses
solely on vehicle purchase and not on usage. Mereduel-efficient cars may encourage
greater usage, which can lead to an increase ah éatissions (rebound effect). Lastly, it
can promote the purchase of more vehicles, thusasing total emissions, especially if the
system is not planned properly (D’Haultfoeuilley@id, and Boutin, 2014).

The implementation of the Feebate system in Ismzes it possible to present some
questions that might help in understanding theuerite of the Feebate system on the car
market. This article will try to answer: 1) Whaeahe factors that influence the choice of
car? 2) How does the level of purchase tax inflegihe car market, and at what point does
an increase in purchase tax result in a declineeinrevenues (the peak of the Laffer
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Curve)? 3) Does the Feebate system result in lewegssions, and at what cost? 4) What is
the effect of higher penalties for cars with highigsion levels, and can it be replaced by an
increased purchase tax?

To answer these questions, | estimate the demandefw cars using a nested logit
model. Using the coefficients of the estimationsimulate the market structure under
different tax levels and different Feebate feesrabates.

This paper can be of use to decision makers antlilbote to the current literature. The
guestions asked in this paper are relevant to idecimakers who impose taxes on the
automotive market and who like to promote greemtian. The contribution to the current
literature is due to the special characteristicghef Israeli market. The Israeli market is
small and based solely on imports, as opposedher aountries with a Feebate system.
Moreover, the Israeli Feebate system includes &eb rebates on different pollutants,
while in other countries the system targets only €Qissions.

The paper proceeds as follows: Section 2 providesbtickground, including a review
of the literature and background on Israel's grigem@tion scheme for new cars. Section 3
outlines the empirical framework, including the eometric model, the database and the
estimation of the demand equation for new carsti@ed includes simulations of the effect
of the green taxation scheme on new car demandib@sdhe results of Section 3, and
offers a broad discussion of the meaning of theukition results. Section 5 concludes.

2. BACKGROUND

a. Literature Review

The Feebate system is relatively new, so the titeeaon the subject is limited. The existing
literature can be divided into two areas of focumw the system may affect the market (ex-
ante) and how the system has already affected #nketn(ex-post).

In the ex-ante literature on the Feebate systemd@omand Levenson (1989) and
McManus (2007) found that the scheme might bemefitsumers and manufacturers, and
reduce total emissions in California. Others coragahe Feebate scheme with other tools
in the United States and found advantages anddistabes (Greene et al., 2005; Fischer,
2008). In Cyprus, Christodoulou and Clerides (20ih2gstigated a policy that added the
Feebate scheme to other tools, and a policy inwthie Feebate scheme replaced all other
tools, and described the trade-offs between therdifit tools.

The ex-post literature includes the work of D’Héndiuille, Givord and Boutin (2014),
who examined the effects of the Feebate systemanceé. Their main finding was that in
the short term the system led to an increase &i &vhissions. This disappointing outcome
was explained as being largely the result of ovgeyerous rebates. Huse and Lucinda
(2014) examined the effect of Sweden’'s Green CdvaReprogram. They conducted a
conservative estimation, finding that the Feebatstesn increased the market share of
green cars by 5.5 percent, with a cost of US$109qeof CQ saved. This was five times
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the price of permitted emissions, meaning thasgsem was not cost-effective. Sallee and
Joel (2012) examined the response of automaketsetbrackets in the Feebate system in
Canada and found some shifting in the automakerssébns around the brackets. Rogan et
al. (2011) looked at the influence of changing tedhicle registration tax from engine-
based to emissions-based (O 'hey found that new car emissions fell, andtebiffrom
gasoline to diesel cars, and that revenue fromdesreased. Klier and Linn (2015)
investigated the effect of emissions-based refonnotal emissions and car manufacturing
in France, Germany and Sweden and found stronfjeente in France than in the other
countries.

This paper examines the Israeli automobile maied, was preceded by Fershtman &
Gandal (1998), who focused on the Arab boycottfluénce on the Israeli car market, and
Fershtman, Gandal and Markovich (1999), who focusadthe differentiated product
oligopoly and the effect of different taxation ®ysis on the consumer.

b. Overview of the" Green Taxation" policy

In Israel the “green taxation” reform was introddde August 2009, and included a tax on
all vehicles weighing up to 3.5 tons. The objectifehe reform was to raise the purchase
tax on commercial vehicles from 75 to 90 percent an private vehicles from 72 to 90
percent, while at the same time giving rebatettsamers based on the emission rating of
the vehicle. On November 25, 2010, the purchaseveesxreduced to 83 percent due to the
cancellation of the benefit for having an ABS sygstéwhich became a mandatory
requirement). Currently, the final effective pursbdax for regular cars ranges between 30
percent for cars with low emissions and 83 perdentars with a substantial amount of
emissions. The purchase tax for cars without anisgans (mainly electric cars) is 8
percent. The rebates were given based on the "lemits/el" derived from the vehicle’s
"green score". The green score is calculated aswptd the following formula:

30%C02+10,000«xNOx+900+*HC+500+xC0+20,000xPM
30

GreenScore =

where CQ is carbon dioxide, NQis nitrogen oxide, HC is hydrocarbon, CO is carbon
monoxide, and PM is particulate matter up to 2.6rams. All emissions are in g/km units.

Finally, the green score is divided into 15 emissievels, which determine the rebate.
Table 1 describes the 15 emission levels and thesmonding rebate amount.
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Tablel
Emission level and green scor e rebates, 2009-2014
Rebate (NIS)
Emissions| Green September
level Score 2009-2011 2012 2013 2014
10% purchase 8% purchase 8% purchase | 8% purchase
1 0-50
tax tax tax tax
2 (hybrid) | 51-130 30% purchase | 30% purchase | 30% purchase | 30% purchase
tax tax tax tax

51-130 15,000 16,007 16,238 16,548
3 131-150 13,750 14,673 14,885 15,169
4 151-170 12,000 12,806 12,991 13,239
5 171-175 10,500 11,206 11,368 11,585
6 176-180 9,250 9,871 10,013 10,204
7 181-185 8,250 8,804 8,931 9,102
8 186-190 7,250 7,736 7,848 7,998
9 191-195 6,500 6,935 7,036 7,170
10 196-200 5,500 5,870 5,955 6,069
11 201-205 5,000 5,336 5,413 5,516
12 206-210 4,000 4,269 4,331 4,414
13 211-220 3,250 3,468 3,518 3,585
14 221-250 2,000 2,134 2,165 2,206
15 251+ 0 0 0 0

Israel's Feebate scheme differs in a number ofésteng ways from schemes in other
countries. First, the green score is calculatectdbam five types of emissions, while in
most countries it is calculated solely based on.Ghile this type of calculation might
reduce various emissions, it is more complex taustdpnd monitor. Second, Israel’s
scheme is not linear. Cars with relatively low dmgh emission levels have a larger range
of rebates than cars with medium emission levads.example, while emission level 3 has
a range of 20 green score point (131-150), emidsicel 6 has a range of only five green
score points (176-180).

According to the Israel Tax Authority (2013), thgréen taxation” reform has had a
significant effect on the automobile market in &rdts analysis found that in 2010, a short
time after the reform was introduced (August 20@8¢re were already signals of a trend
toward smaller, more efficient, and “greener” vddsc While in 2008, only a third of
vehicles in the local market had emission level2 & 6, in 2011 their share climbed to 65
percent, and in 2012 it was 82 percent. Howeveshatuld be mentioned that in those years
there were technological advancements leading te mificient cars.

This movement to greener cars had a substanti@bative effect on the revenues
derived from the purchase tax. Although the sches® not expected to be budget-neutral,
the magnitude of the revenue decline was unexpebieel to the shortage in tax revenues,
it was decided to update the formula every two ge@he first update was made on August
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1, 2013, four years after the reform was introdudéte formula for calculating the green
score was updated to the following:

GreenScore
_ 103 * CO2 + 75,461 * NOx + 21,454 « HC + 1,042 * CO + 145,772 = PM

100

The green score’s sensitivity to CO was reducegnitained nearly the same for £0
and it increased for NOHC and PM. The new formula shifted previously {seoring
vehicles into higher scores, which reduced the teshaAccording to the Israel Tax
Authority (2013), the median emissions level follog/the change shifted from level 4 to
level 6. Further updates were made in January 20@bin January 2017. These will be
discussed in Section 4.4.

It should be mentioned that the weights used fer gheen score are based on the
relative cost of the additional externalities of pollutants and greenhouse gases, as
published by the Ministry of Environmental Protectifrom time to time. The green score
is equal to the emission cost of 10,000 km of dgviFor example, a car model with a
green score of 150 will have emission externalitiehllS 150 per 10,000 km of driving.

3. THE EMPIRICAL FRAMEWORK

a. The Econometric M odel

The econometric model employed in this paper isaihe-level nested loginodel. This
model has been used in many articles dealing wighautomobile market (e.g., Adamou,
Clerides and Zachariadis, 2014; Vance and Mehl®Q92 Greene et al., 2005; and
Fershtman, Gandal and Markovich, 1999).

The method derives an expression of market sham ft random utility model of
discrete choice at the individual consumer levedr(, 1994). The utility that consumer
receives from branglis given by the mean quality of brapglus idiosyncratic taste for the
product:

(1) Uy =x'jp—wp; +yvej +&; + ¢

where x;" is a vector of observed product characteristicel{sas engine size, general
weight, fuel type, etc.} is a vector of the coefficient of the car parangte be estimated,
p is the price of the observed produet,andy are coefficientse is the emissions level
rebate,¢; is the average value of produ¢s unobserved characteristics, ang is the
distribution of consumer preference around the m&umsumer will choose product
only if U;; = U, V1 =+ j. Depending on the assumed distribution of the reteom, a
different model could emerge from (1), the mostyap of which is the conditional logit
model, which assumes an identical and independefiglyibuted (I1ID) Type | extreme
value error.
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One drawback of the logit model is its impositiohtbe ‘independent of irrelevant
alternatives (l1A) assumption, which stipulatesttivaen an alternative is removed from the
choice set, the probabilities of the remaining rali¢ives being chosen must rise by the
same proportion. This assumption is violated whendrror terms are not independent, as
in the case of subsets of alternatives for whichbserved shocks produce concomitant
effects. The meaning of this assumption in analyzime car market is that when we
remove one type of car, customers would buy otles ¢n the same proportion. So,
dropping a luxury car type from the sample will Bahie same proportional and unrelated
effect on other luxury cars as it does on cars ftloenmini segment. (We would expect that
dropping a luxury car would increase demand foepthxury cars more than the demand
for mini cars.)

Following McFadden (1978), the IIA assumption can felaxed, and groupings of
similar sets of alternatives (e.g. cars belongiogthe same market segment) can be
accounted for via the nested logit model, whicbvadl for correlations in the error terms for
products within G+1, g=0, 1,2..., G, exogenously et nests. An additional nest is
reserved for an outside good, nest 0, thus acawmyfdr the possibility that consumers may
decide not to purchase any of the brands. Theyutli productj for consumei in the
nested logit model is therefore given by the follogy

(2) Uj=xB—wp;+yej+&+{,+(1—o0)e;

where individual heterogeneity enters the modebuph the random disturbandg, +
(1 — 0)¢;j, which is assumed to have an extreme-value Wedlstilibution. For consumer
i, iy is the utility common to all products within nesand which has a distribution that
depends om, which measures the degree of substitution witténsegments or nests.

The corresponding market share equation is:

5
whereD, = Zjegg e(ﬁ), G, denotes the set of automobiles of tgpand
8; = x'; — wp; + ye; + &; is the mean utility for produgt
If the mean utility from the outside good is eqtmalzero, Berry (1994) shows that
Equation (3) can be inverted to yield the followihgmand of O:

4) Ln(S]-t) — Ln(Soe) = x'jB — wpj +ve; + aln(Sjge )+ &e

wheres;, is the market share for cgin periodt, Sy, is the market share of the outside good
(if consumers choose not to buy a new cgg), is the market share of cain nestg, ando
is the corresponding coefficienThe nested logit model is consistent with utility
maximization if0 < o < 1 for any set of values in the data (McFadden, 19%8)enc =



8 IsrRAEL EcoNomic REVIEW

0, the model collapses to the standard logit motéhen o increases, there is more
substitution among cars belonging to the same segthan among cars from different
segments.

Because the sharg,, is, by construction, endogenous, it must be eséichaising
instruments. The analysis consequently follows Ydrevinsohn, and Pakes (1995), who
exploit competition within the market by using teems of characteristics of other car
models as instruments. | used the following ins&ata: the sum of characteristics for other
cars belonging to the same market segment; the a&fucharacteristics for other cars
produced by the same manufacturer; the numberrahodels produced within the market
segment; and the number of car models produced diyem manufacturer. Due the fact
that all private cars in Israel are imported, loaégld the sum of characteristics for other
cars imported by the same importer and the numbe&aio models imported by a given
importer.

Another problem can arise from the link betweerpsupnd demand for a model. More
precisely, the price may be correlated with thepbupTo solve this problem, | use
instruments to estimate the effect of price on damarhose instruments include the
exchange rate of the US dollar and the exchangeofathe currency of cgts country of
origin (the manufacturing country, not the courttmit the brand is associated with). This
method has also been used by Fershtman, GandaMaravich (1999), and others. | also
followed Berry, Levinsohn and Pakes (1995) and ddtie natural logarithm of the main
car characteristics (such as engine size and wefghe car).

b. Data

The data include car models newly purchased framaly 2008 through August 2014, on
monthly basis. In this paper a registered car jgraxy for the purchased car models,
although they are not the same. The monthly datz wbtained from the Israel Vehicle
Importers Association and do not include taxisvétg vehicles are not manufactured in
Israel, so the data from the Israel Vehicle Impsri&ssociation are suitable. The data do
not include cars that were imported by small agenar private individuals (a small
fraction of the total cars purchased).

Literature on discrete choice modelling of new @amand has treated the choice set as
being the set of car models ("nameplates"). Indda set, most cars are offered in several
variants, differing in such aspects as body stgtegine size, fuel type, number of doors,
weight and model year. Therefore, the number of et extremely high. For example,
there are 2,129 models in the data and there &2 4bservations for the 2011-2013
period, with some models corresponding to a verglsnumber of units sold.

Estimation using the model with this level of digezpgation is not advisable, as
observations with very few corresponding sales susceptible to measurement or
recording error. However, aggregating them by @n@es nameplates, as many researchers
do, could cause errors since two cars with diffeemission levels might have the same
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nameplate. Therefore, in the set, each model hdsferent model nameplate and/or a
different trim level (e.g. comfort, executive, spdnspire, in style, etc.), different engine
size, different fuel type, different number of dgoand/or different weight (GVW). After
this aggregate, there were still too many modeferafore, the paper focused on models
that had significant market share. We chose modts more than 200 registrations in a
given year or 100 registrations in any trimestea gfiven year. Some models still had very
little share in some months, so a threshold of Halehregistrations within a month was
chosen, meaning that the model was consideredp#re market in a given month only if
it had 10 or more registrations in that month.

We split the car models into 7 segments as detednby the importers: mini, small,
compact, medium, large, luxury and SUV. These segsneerved as the nests in the
estimation. Cars that belong mostly to the comna¢miarket (van, small van and pick-up)
were excluded. | also excluded the Renault Flugtieeelectric car, which had very little
market share.

Eventually the dataset included 796 models forytbars 2008 to August 2014. The
final number of registrations (1,113,971) was appnately 93% of all private cars
registered between January 2008 and August 2014th&se, | added data from the
Ministry of Transportation and Road Safety privaied commercial registered models
database (for vehicles weighing up to 3.5 tons)s Hatabase includes all the models of
cars between the years 2000 and 2014. The datatssencludes many of the cars’
characteristics, such as green score and emissw®, lhorsepower, ABS system and
country of manufacture.

The car prices used in this paper are the priceedoh model at the beginning of each
period (January, May, and September for 2009-2QIfhuary, May, August, and
September for 2008 and 2013; January and May fod4 R0 he prices were taken from two
sources: the Israel Tax Authority, which publisimesv model prices at the start of every
year or when a model is first introduced, and tkeilYitzhak price list. Levi Yitzhak is a
private company that collects data and calculdtesptices of new and second-hand cars.
Their data were used for prices at the beginniniyla§, August and September. The Levi
Yitzhak price list was also the source of the fafficiency data due to the lack of that
information in the Ministry of Transportation andd@l Safety database.

Another parameter that influences the consumdrasptice of fuel. Higher fuel prices
may reduce demand for cars. | assume that the owrsis using the fuel price on the day
of purchase as the best estimation of future exg@enkis assumption is common in the
literature (e.g., Berry, Levinsohn and Pakes, 199agan et al., 2011; Anderson, Kellogg
and Salle, 2013).

Fuel prices were taken from the Israeli MinistryNdtional Infrastructures, Energy and
Water Resources. In the analysis, | used the aggyege of gasoline (95 octane rating) for
each period. For simplicity, | did not use otheelfprices (such as diesel). This choice is
appropriate because more than 90 percent of tiseircéine dataset use gasoline, while only
9 percent use diesel (the rest are electric catsL®G cars). In addition, while the retail
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price of gasoline is price-controlled, the pricedddsel is not, so there are no official data
on it. However, there are official data on the vésalle price of diesel (the refinery price)
and this price is strongly correlated with gasaline

The following variables were chosen as the veatbibserved product characteristics:
the price of the model (NIS thousand), fuel priemgine size (thousands of cubic
centimetres), horsepower, and gross vehicle weights). | added dummies for gasoline-
powered cars, four-wheel drive (4x4), and autom@mtiaosmission. | used also the number
of airbags as a proxy for the model’s safety level.

Table 2 contains a description of the statistickefkey variables. Each observation is a
model from a given month in a given year. The leagtensive car in the dataset cost NIS
49,990, and the most expensive cost NIS 495,00G&t Mbthe cars use gasoline and have
an automatic transmission. The emission typeshmrgetthat were used for the green score
calculation, and the amounts are in grams per kitemof driving.

For the data analysis, the market share of eachemeas added. For each model, |
calculated the potential market share, the mathkatesas the share of purchased cars, and
the market share in the segment.

Table2
Descriptive statistics of key variables

Variable Obs. Mean Std. Dev. Min Max
Price (thousand) 9,761 137.0 47.0 50.0 495.0
Registrations 9,802 115.4 176.2 10.0 3176.0
Car's Features
km per liter 9,278 135 3.4 1.3 27.0
Engine size (thousand cc) 9,802 1.7 0.4 0.9 3.9
Horsepower (thousand) 9,802 0.1 0.0 0.1 0.3
GVW (Ton) 9,802 1.8 0.3 1.0 3.0
Gasoline 9,802 1.0 0.2 0.0 1.0
ax4 9,802 0.1 0.3 0.0 1.0
Automatic gear 9,802 0.9 0.3 0.0 1.0
Airbags 9,802 5.8 1.2 0.0 9.0
Doors 9,802 4.7 0.5 3.0 5.0
Seats 9,802 5.1 0.6 4.0 8.0
Emissions Type
Basic emissions level 8,981 6.3 3.8 1.0 15.0
CO 9,041 0.34 0.16 0.02 0.89
CO, 9,041 157.4 31.9 85.0 287.0
HC 9,041 0.04 0.02 0.00 0.25
NOy 9,041 0.02 0.03 0.00 0.32

PM 9,041 0.00 0.00 0.00 0.05
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Table3
Sample M odels (January 2014)
Emissions Cars Market  Share of g]i?zlcs)f
Company Model Trim level Engint Doors GVW Segment Price share total
level purchased (Sh purchased segment
(Sigt)
Toyota Corola GLI 1.6 4 1.77 compact 130.0 3 1629 0.8% 7.8% .3%2
Kia Picanto EX 1.2 5 1.37 mini 78.9 4 871 0.4% 4.2% 33.2%
Mazda 3 Comfort 1.5 4 1.84 compact 132.0 3 716 0.4% 3.4% 5.4%
Mitsubishi  Space Star  Instyle 1.2 5 1.37 compact 79.9 2 707 .4%0 3.4% 5.3%
Suzuki SX4 GLX 1.6 5 1.73 compact 120.0 3 595 0.3% 2.8% 4.5%
Hyundai 120 Insight 1.4 5 1.57 compact 97.8 4 547 0.3% 26% %4.1
Hyundai 135 Inspire 1.6 4 1.8 compact 128.0 5 522 0.3% 25%  %3.9
Mazda 2 Dynamic 1.5 5 098 smal 1105 6 505 0.3% 2.4% 16.9%
Nissan Micra Visia 1.2 5 1.43 smal 99.9 3 472 0.2% 2.3% 15.8%
Hyundai 130 Inspire 1.6 5 1.85 compact 127.0 6 447 0.2% 2.1% 4%3.
Mazda CX5 Executive 2.0 5 1.97 suv 166.0 4 446 0.2% 2.1% 16.4%
Subaru Impreza 1.61 1.6 4 1.8 compact 126.9 4 429 0.2% 2.0% 2% 3.
Suzuki SX4 GLX 1.6 4 1.65 compact 119.0 4 388 0.2% 1.8% 2.9%
Kia Forte EX 1.6 4 1.74 compact 129.9 7 336 0.2% 1.6% 2.5%
Kia Rio LX 1.4 4 1.62 compact 110.9 6 335 0.2% 1.6% 2.5%
Ford Focus Sport 1.6 5 1.31 compact 132.0 8 327 0.2% 1.6% 2.5%
Kia Sportage LX 2.0 5 1.98 suv 166.3 14 310 0.2% 1.5% 11.4%
Honda Civic Sport 1.8 5 1.75 compact 144.9 5 302 0.2% 1.4% 2.3%
Nissan Juke Tekna 1.6 5 1.68 compact 147.5 6 300 0.2% 1.4% 2.B%
Chevrolet Cruze LT 1.6 4 1.86 compact 124.9 9 290 0.1% 1.4% %2.7
Suzuki Alto GLX 1.0 5 1.25 mini 65.0 3 288 0.1% 1.4% 11.0%
Hyundai 125 Inspire 1.4 4 1.56 compact 109.5 5 286 0.1% 1.4% 2%2.
Skoda Octavia Ambition 1.2 5 1.81 medium 132.0 4 283 0.1% 1.3%16.7%
Opel Astra ST Enjoy 1.4 5 2.05 compact 130.0 8 270 0.1% 1.3% 0%2.
Hyundai 130 Premium 1.6 5 1.85 compact 129.5 6 264 0.1% 1.3% 0%?2.
Toyota Yaris Style 1.3 5 1.48 mini 104.7 3 264 0.1% 1.3% 10.1p6
Hyundai 125 Inspire 1.6 4 156 compact 111.5 4 261 0.1% 1.2% 0%?2.
Hyundai IX35 Open Sky 2.0 5 1.98 suv 166.0 14 245 0.1% 1.2%  %9.0
Chevrolet Trax LT 1.8 5 1.82 compact 135.9 11 231 0.1% 1.1%  %1.7|
Mazda 6 Luxury 2.0 4  1.47 medium 167.5 4 220 0.1% 1.0% 13.0%
Chevrolet  Spark LS 1.0 5 137 mini 54.9 3 208 0.1% 1.0% 7.9%
Mitsubishi  Outlander Instyle SR 2.0 5 217 suv 179.9 5 202 1%0. 1.0% 7.4%
Kia Ceed LX 1.6 5 1.85 compact 128.9 4 198 0.1% 0.9% 1.5%
Honda Jazz Hybrid 0 1.3 5 1.6 smal 117.9 2 194 0.1% 0.9% 6.5%
Renault Fluence Privilege 1.6 4 1.77 compact 132.9 8 183 0.198.9% 1.4%
Seat Ibiza Reference 1.4 5 1.53 small 77.9 5 180 0.1% 0.9% 6.0%
Mitsubishi  Outlander Instyle 2.0 5 217 suv 169.9 7 179 0.1% .9%0 6.6%
Suzuki Alto GLX 1.0 5 1.25 mini 54.0 3 175 0.1% 0.8% 6.7%
Skoda Rapid Ambition 1.4 5 1.39 medium 118.0 13 173 0.1% 0.8% 0.2%
Skoda Octavia Elegance 1.4 5 1.82 medium 145.5 4 170 0.1% 0.8940.0%
Kia Rio LX 1.4 5 1.62 compact 104.9 6 166 0.1% 0.8% 1.3%
Mitsubishi  Attrage Invite 1.2 4 1.36 compact 93.9 4 162 0.1% .8%® 1.2%
Ford Fiesta Trend 1.6 5 157 smal 100.0 4 157 0.1% 0.7% 5.3%
Nissan Qashqai Visia 2.0 5 1.96 suv 163.0 10 153 0.1% 0.7% 5.6%
Renault Clio Expression 1.2 5 166 smal 105.9 4 151 0.1% 0.7% 5.1%
Chevrolet  Trax LT 1.4 5 1.83 compact 142.9 9 147 0.1% 0.7% 1.1p6
Peugeot 107 Active 1.0 5 1.19 mini 735 2 145 0.1% 0.7% 5.5%
Mazda 3 Apirit 2.0 4 1.86 compact 142.0 4 141 0.1% 0.7% 1.1%
Suzuki Splash GLS 1.2 5 1.49 mini 95.0 4 137 0.1% 0.7% 5.2%
Chevrolet  Spark LT 1.2 5 1.37 mini 63.5 3 136 0.1% 0.6% 5.2%
Honda Civic Comfort 1.8 4 1.7 compact 141.5 6 135 0.1% 0.6%  %1.0|
Peugeot 301 Active 1.6 4 1.56 compact 101.0 13 133 0.1% 0.6% 0% 1.
Renault Fluence Privilege 1.5 4 1.83 compact 135.9 14 128 %0.1 0.6% 1.0%
Mitsubishi  Attrage Instyle 1.2 4 1.36 compact 94.9 4 125 0.1%0.6% 0.9%
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Table 3 presents a sample of the dataset. The sangilides the main models that were
purchased in January 2014 and their characterislibe calculation of market share
required an assumption of potential market sha®.isAcommon in the literature (e.qg.
Adamou, Clerides and Zachariadis, 2014; Berry, heohn and Pakes, 1995), | used the
total number of private households in each yeagined from the Israeli Central Bureau of
Statistics.

c. Estimation

For the estimation of Equation (4), | used threedkiof specification, the results of which
are shown in Table 4. The first specification (Colul) is a simple OLS regression of
Equation effect (4), where the first explanatoryiafale is the price and the second is the
market share in the segment. Both are estimatedttirfrom the data. Other explanatory
variables include car efficiency (kilometers peer)j, gasoline price, horsepower, safety
level, engine size, weight, and number of seatsd added the emissions level base, which
is the emissions level in September 2009, or thessoms level as it would have been in
September 2009 (for cars that were introduced )latealso added dummies for 3 or 5
doors, gasoline engine, automatic gearbox, 4X4difftial, and years.

The second and third regressions (Column 2 andn@ol8) are 2SLS regressions. As
mentioned above, because the sh§ig is, by construction, endogenous, it must be
estimated using instruments. Those instruments)(iWslude the number of other car
models produced within the market segment, the murobother car models produced by
the same manufacturer, and their sum of charatiterisuch as the size of engine, the total
weight, number of doors, number of seats, etc.polamn 3, | added the number of other
car models imported by the same importer and thein of characteristics to the right side
of the regression.

The fourth and fifth regressions (Column 4 and @uiub) are both 3SLS regressions
using a three-equation system. | used this methmdtd concern that the price might be
correlated with market share. The first equatiothis basic model presented in the OLS
regression, and the second is the first stageeo281S regression (the market share in the
segment).

The third equation is an instrumental estimationhef price effect using the following
to estimate the price: the exchange rate of thelbtlfar, the exchange rate of the currency
of carj’s country of origin (the producing country, noetbountry with which the brand is
associated), the natural logarithm of horsepowes, tatural logarithm of the number of
airbags, the natural logarithm of GVW, and the raltiogarithm of the number of seats.
The difference between these two specificationtbasin the first specification (Column 4)
| did not use the importer variables (like the esgion in Column 2), while in the second
(Column 5) | added them (like the regression inuGuoi 3).
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Table4
Specifications of mar ket share*

Dependent Variable: Market Share (Sjt)
oLSs 2SLS some IVs| 2SLS all IVs | 3SLS some IVs | 3SLS all IVs
€Y (2 (3 (4) (5
Price -0.009" -0.007" -0.007" -0.005" -0.017"
(0.00) (0.00) (0.00) (0.00) (0.00)
Ln(Sjgt) 0.541 0.108" 0.176" 0.038 0.138
(0.01) (0.01) (0.01) (0.01) (0.01)
Base emissions lev{ -0.019" -0.032” -0.030” -0.007 -0.008
(0.00) (0.00) (0.00) (0.00) (0.00)
km/I 0.012 0.013" 0.013" 0.012 0.019
(0.00) (0.00) (0.00) (0.00) (0.00)
fuel_price 0.121 0.066 0.074” 0.10T 0.11T
(0.02) (0.03) (0.03) (0.02) (0.02)
Horsepower 2.349 -1.990" -1.311 0.853 4.569
(0.61) (0.77) (0.73) (0.65) (0.63)
Airbags 0.041 0.038” 0.038” 0.025 0.049
(0.01) (0.01) (0.01) (0.01) (0.01)
Engine -0.145 0.266" 0.202" -0.020 0.083
(0.05) (0.06) (0.05) (0.04) (0.04)
GVW 0.138 -0.124 -0.083 -0.129 0.173
(0.05) (0.06) (0.06) (0.05) (0.05)
Seats 0.367 0.242” 0.261" 0.189" 0.263
(0.02) (0.02) (0.02) (0.01) (0.02)
Doors3 -0.690 -0.943" -0.903" -0.265 -0.287
(0.06) (0.08) (0.07) (0.05) (0.05)
Doors5 -0.488 -0.510" -0.507" -0.186 -0.235
(0.02) (0.02) (0.02) (0.02) (0.02)
Gasoline -0.266 -0.025 -0.063 -0.007 -0.188
(0.05) (0.06) (0.06) (0.04) (0.05)
Auto 0.433 0.352" 0.365 0.117 0.234
(0.03) (0.04) (0.04) (0.03) (0.03)
4X4 -0.248" -0.058 -0.088" -0.099" 0.004
(0.03) (0.04) (0.04) (0.03) (0.04)
Years Fixed Effects Yes Yes Yes Yes Yes
Observations 8,462 8,462 8,462 8,462 8,462
R-squared 0.55 0.30 0.37 0.17 0.30

" The dependent variable is the market share of itaa given month in a given year. Price is thegof carj in
thousands of shekels (roughly equal to $2B6¥gjtis the market share of cpin its segment; Base emissions level
is the emissions level as it was in September 20®9; is the driving distance on one liter of faa reported in the
Levi Yitzhak price list; fuel price is the price ghasoline; Doors3 is a dummy for cars with 3 daord Door5 is a
dummy for cars with 5 doors; auto is a dummy foraatomatic transmission; and 4x4 is a dummy forvadn a
4X4 differential. The dependent variable of thstfstep in Regression 2lissgjt,and the explanatory variables are
the number of registered cars in the segment anditm of the following characteristics of cars amjts segment:
km/l, horsepower, engine, gasoline, 4x4, GVW, astnts and emissions level. It also includes thabmu of
registered cars of the same producer and the suheafame characteristics by the producer of.cHne first step
in Regression 3 is based on all the IVs and indutie same variables as Regression 2, the numbregistered
cars of the same importer as faand the sum of the same characteristics by tperiter of caj. Regression 4 uses
the first step of Regression 2 as the second r&gresand exchange rate, In(Horsepower), In(aifhdg&ngine),
In(GVW) and In(seats) as explanatory variables w€epin the third regression. Regression 5 is thmes as
Regression 4, plus the number of registered carthefsame importer as carand the sum of the same
characteristics by the importer of gaDummies for year include dummies for 2009, 2@ 1, 2012, and 2013.
Standard errors in parenthesésp<0.01,” p<0.05," p<0.1.
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The share in the segmefit) in all specifications is positive and less tharwhijch is
consistent with theory. The results of the 2SLSresgions and the 3SLS regressions
(Columns 2-5) suggest that market share in the seghas less of an effect than the OLS
regression results. In other words, in the OLSeiion, the effect of market share in the
segment has a positive bias. The specificatiorsinicbude the number of other car models
from the same importer and the sum of their charatics (Columns 3 and 5) resulted in a
higher effect of market share in the segment thgecifications that do not include
instruments (Columns 2 and 4). The estimated peffect (Columns 1-5) suggests that
price has a negative and significant effect on deinds mentioned previously, there may
be a correlation between price and unobserved.érhar 3SLS regressions (Columns 4 and
5), which suggest a solution to this problem ote@riestimate a higher price effect. The
emissions level base has a significant and negaffeet on the market share of a model in
all specifications. This suggests that, when alieotvariables are held constant, the
consumer will prefer greener cars.

Variables related to the size and power of thedidrnot give consistent results. The
effect of horsepower is positive and significastoae might expect, in the OLS and second
3SLS specifications (Columns 1 and 5), but negatvel significant in the 2SLS
regressions (Columns 2 and 3). The effect of engine is positive and significant in the
2SLS and second 3SLS specifications, but not inGh& specification. Finally, the effect
of gross vehicle weight (GVW) is positive and sfaraint, as one could expect, in the OLS
and second 3SLS specifications (Columns 1 and &),nbgative and significant in the
2SLS regressions and the first 3SLS specificat@olmns 2 and 4).

In order to examine these inconsistencies, | pegpaNariance inflation factor(VIF)
test for revealing multicollinearity between thesgiables. The test did not find a variable
with a VIF score higher than 10, a score that iatdis suspicion of multicollinearity (the
VIF score for horsepower is 6.69, for engine powet4, for GVW 3.65, and for car
efficiency 1.59), and found that the average VlIBrscis 2.85 (lower than 6, which is
considered a limit for suspicion). Moreover, théetance is not unusual, and higher than
0.1 for all variables. | also try different specdtions with different combinations
(removing one, two or three variables), but thassst did not lead to consistent results.
This inconsistency may be explained by the pricdogeneity problem that had been
solved in the full 3SLS specifications (Column 5).

Another variable that is not consistent with exptons is fuel price. | expect that an
increase in fuel price will lower the demand fors;abut the results are opposite and
significant. | believe that the reason for thatlise to depression expectations, which may
be negatively correlated with fuel price. When rmgnthe same regressions without
observations from 2008, the coefficient of fuelcpriis positive but not significant, and
when running them only between 2011 and 2014, deéficient is negative and significant,
as expected.
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Consistent with the expectations for all specifmas, the market share of a model is
positively correlated with the fuel efficiency diie car, the safety level, the number of
seats, and automatic transmission. Consumers pjsaato prefer a four-door model to the
three- or five-door models.

The ability of the variables to explain the markbtrre of a specific model is limited
with respect to the data size. Thus, Riéthe basic and the adjusted) of the OLS regression
is 0.55. A possible explanation of this limitaticnthat the choice of a car model depends
on many unobserved variables and on personal testeexample, the choice of a car
model depends, among other things, on the modeBggd and image. It should be noted
that the variables are more effective in explairtingmodel price than in explaining market
share. Thus, thB? of specification, where the price is on the lédtesof the equation and
the other explanatory variables are on the rigtie,sis 0.84. Other papers that use the
nested logit model to estimate the car market eaditided as follows: Some of them did
not present th& score (e.g. Adamou, Clerides and Zachariadis, 2Ghistodoulou and
Clerides, 2012; Fershtman and Gandal, 1998), ahdrotsuggest a similar score to our
finding. For example, Berry, Levinsohn and Pake396) suggest aR® score of 0.39 in
their OLS model result, and a higher level candaen@l in Mehlin and Vance (2009), who
found anR® score of 0.65. Nevertheless, | tried some othefabkes and alternative
variables (such as ABS system in the car, sunrodf magnesium wheels) that did not
generate a highd¥ score. It should be noted that | do not presenRftecore in the 2SLS
or 3SLS results, such that the meaning of thischediis limited and does not vouch for the
quality of the explanation.

| believe that the 3SLS all IV regression (Columnissbest suited for describing the
market. First, it includes solutions for the endugjty problem | presented. Second, it
includes the importer effect on market share ingbgment. Third, it produces reasonable
results for the effect of engine and weight. TH®feing estimations, tables and simulation
therefore use this specification.

The results presented in Table 4 can only offeasense of the effects of different
characteristics of a car model on its market shisli@re detailed results cannot be easily
shown according to the structure of the econometidclel. First, the model is not linear,
and second, as mentioned in the model descriptibanging one characteristic of a car
model (e.g. reducing price) would lead to a chaimgall car models relative to their
segment and market share. The elasticity of price,example, is determined by the
following rule:

os; p, TPt =050 = (1= 0)s1/(1 —0) if j=k
Ujkzﬁs—’,cz apiloSiy + (1 — a)s]/(1 — o) if Jjkeg
ko APy Sk otherwise

wheren;,, is the price elasticity between modeand modek, s; is the market share of
modelj, p, is the price of modek, « is the price indicatorg is the model share in the
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segment indicator, andg is a segment. Ifk,&j € g,k, € g',sk, = Sk, Dk, =
Dk, thenn; >mnj.,, meaning that the cross-price elasticity of twodurcts in the same
group is higher than the cross-price elasticityvad products in different groups, all else
being equal.

Table 5 shows the elasticity of the bestselling eddar January 2014 (out of 176 model
samples) with regard to price and the results fthenlast regression presented in Table 3
(3SLS all 1V). Similar tables can be built for othmonths or other explanatory variables. In
Column 1, Row 1 (Table 5) of the results, we caseobe the elasticity of the Toyota
Corolla to its own price. In Column 1, Row 2 of tlesults, we observe the elasticity of the
Toyota Corolla with respect to the price of the Kigcanto. In Column 2, Row 1 of the
results, we observe the elasticity of the Kia Pigamith respect to the price of the Toyota
Corolla. For example, an increase of 5% in theegpatthe Toyota Corolla could reduce its
market share by 9.1 percent and increase the mahae of the Kia Picanto by 0.07
percent. The full results (which do not appearis paper) are that a 5 percent increase in
the Toyota Corolla price could reduce its regigtrathumbers in January 2014 by 277
(1,629 to 1,352) and increase other models’ registts by 68. This means that 209
consumers would choose the "outside goods" anddwoot buy a new car. According to
the positive estimation of the effect of marketrshia the segment{, we can see that the
elasticity of a model to other models’ prices ieaer when the other model is from the
same segment, as theory suggests. For examplelatticity of the Kia Picanto is smaller
than the elasticity of the Mazda 3 regarding thieepof the Toyota Corolla.
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Table 5: Price elasticities of the best-selling models

M odel

Segment

Elasticity of the car model

Corola Picanto Mazda 3 Space Star SX4

120

135 Mazda 2 dlici30

CX5 Impreza SX4

Toyota Corola (GLI, 1598, 4 Doors) compact-1.819  0.013 0.045 0.045 0.045 0.045 0.045 0.013 0.013 0.045 0.018450 0.045
Kia Picanto (EX, 1248, 5 Doors) mini 0.004-1.075 0.004 0.004 0.004 0.004 0004 0.004 0004 0004 0.004 0.004040
Mazda 3 (Comfort, 1496, 4 Doors) compact 0.020 0.008.873 0.020 0.020 0.020 0020 0.006 0.06 0.020 0.006 0.020 0.020
Mitzubishi Space Star (Instyle, 1193,5 Doors)  coctpa 0.012  0.004 0.012 -1.134 0012 0012 0012 0.004 0004 0012 0.004 0012 0.012
Suzuki SX4 (GLX, 1586, 5 Doors) compact 0.015 0.005 1B.0 0015 -1.705 0.015 0.015 0.005 0.005 0015 0.005 0015 0.015
Hyundai 120 (Insight, 1396, 5 Doors) compact 0011 08.0 0011 0011 0.011-1.391 0.011 0.003 0003 0.011 0.03 0011 0.011
Hyundai I35 (Inspire, 1591, 4 Doors) compact 0.014 04.0 0014 0014 0014 00141821 0004 0004 0014 0004 0014 0014
Mazda 2 (Dynamic, 1498, 5 Doors) small 0.004 0.004 4£.00 0004 0004 0004 0.004-1544 0041 0.004 0.004 0.004 0.004
Nissan Micra (Visia, 1198, 5 Doors) small 0.003 0.003.008 0.003 0.003 0.003 0003 0.0341.398 0.003 0.003 0.003 0.003
Hyundai 130 (Inspire, 1591, 5 Doors) compact 0.012 04.0 0012 0012 0012 0012 0.012 0.004 0.0M809 0.004 0.012 0.012
Mazda CX5 (Eexcutive, 1998, 5 Doors) swv 0.005 0.005009. 0005 0.005 0.005 0005 0.005 0.005 0.0@5322 0.005 0.005
Subaru Impreza (1.61, 1600, 4 Doors) compact  0.012 030.00012 0012 0.012 0012 0012 0003 0.003 0.012 0.0d3808 0.012
Suzuki SX4 (GLX, 1586, 4 Doors) compact 0.010 0.003 10.0 0.010 0010 0010 0.010 0.003 0.003 0.010 0.003 0.010696
Kia Forte (EX, 1591, 4 Doors) compact  0.009 0.003 0.0090.009 0.009 0.009 0.009 0.03 0.003 0.009 0.03 0.009 0.009
Kia Rio (LX, 1396, 4 Doors) compact  0.008 0.02 0.008 008. 0.08 0008 0.08 0.002 0.002 0.08 0.002 0.008 0.008
Ford Focus (Sport, 1596, 5 Doors) compact  0.009 0.0030090 0.009 0.009 0.009 0.009 0.003 0.003 0.009 0.003 0.009090.
Kia Sportage (LX, 1998, 5 Doors) suv 0.003 0.003 0.03 .00 0.003 0.03 0003 0.003 0.03 0.003 0.041 0003 0.003
Honda Civic (Sport, 1798, 5 Doors) compact  0.009 0.008.009 0.009 0.009 0.009 0009 0.003 0.003 0.009 0.003 0.009090
Nissan Juke (Tekna, 1598, 5 Doors) compact 0.009 0.0@009 0.009 0.009 0.009 0.009 0.003 0.003 0.009 0.003 0.009090
Chevrolet Cruze (LT, 1598, 4 Doors) compact  0.008 2.000.008 0.008 0.008 0.008 0.008 0.002 0.002 0.08 0.002 0.00808
Suzuki Atto (GLX, 996, 5 Doors) mini 0.001 0015 0001 .0@ 0001 0001 0001 0.01 0.001 0001 0.001 0001 0.001
Hyundai 125 (Inspire, 1368, 4 Doors) compact  0.007 0.0 0.007 0.007 0.007 0.007 0007 0.002 0.02 0007 0.002 70.00.007
Skoda Octavia (Ambition, 1197, 5 Doors) medum  0.002.002 0002 0.002 0.002 0.02 0.002 0.02 0.002 0.002 0.002020. 0.002
Opel Astra ST (Enjoy, 1362, 5 Doors) compact  0.007 0®.0 0.007  0.007 0.007 0.007 0.007 0.002 0.002 0.007 0.002 70.00.007
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Table 6 summarizes the car model price elastiditgeanand by segment for January
2014. We do not present the elasticity for the tyxsegment due to the low number of
models. In the first column we present the averagm elasticity of demand by segments.
As we see, the highest average price elasticity the SUV segment. On average, a price
increase of 1 percent would reduce the market oBN car by 2.67 percent. The price
elasticity in the compact segment ranged betwe86 Percent and 3.14 percent with an
average of 1.77 percent. Low average price elagta@n be found in the mini segment
(1.05 percent) and the small segment (1.45 percent)

Table6
Price elasticities by segment

Minimum own price | Maximum own price
Average own price elasticity of demand | elasticity of demand
elasticity of demand (absolute terms) (absolute terms)
Segment:
Mini -1.05 -0.77 -1.68
Small -1.45 -1.06 -2.29
Compact -1.77 -0.96 -3.14
Medium -2.31 -1.67 -3.74
Large -2.70 -2.24 -3.38
SuVv -2.67 -1.75 -5.08
Total -1.81 -0.77 -5.08

Table 7 presents the price elasticity of segmemdistie price elasticity across segments
for January 2014. Column 1, Row 1 (Table 7) ofrésults shows the elasticity of the mini
segment to price change in that segment, and CofiyrRow 1 shows the elasticity of the
mini segment to a price change in the small segnfRow 3, Column 1 shows the elasticity
of the compact segment to a price change in the seigment. For example, a possible
price increase of 1 percent on all models belondmmghe mini segment decreases the
market share of those models by 0.92 percent acidses the market share of other
segments by 0.01 percent. A price increase of temeron all models belonging to the
compact segment increases the market share obebisging to the mini segment by 0.1
percent. The compact segment has the biggest imtduen other segments. Moreover, in
each segment the influence on all other segmemtgual. This is as outcome of the nested
logit model construction.
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Table7

Crossprice elasticities by segment

Segment: Mini Small Compact Medium Large SUV
Mini -0.92 0.01 0.01 0.01 0.01 0.01
Small 0.02 -1.24 0.02 0.02 0.02 0.02
Compact 0.10 0.10 -1.43 0.10 0.10 0.10
Medium 0.02 0.02 0.02 -1.99 0.02 0.02
Large 0.00 0.00 0.00 0.00 -2.50 0.00
SUV 0.03 0.03 0.03 0.03 0.03 -2.29

4. MODEL SIMULATION

a. General

This section of the paper presents several diffesiamulations based on the results obtained
in the analyses presented above. The simulatienbased on the results of the 3SLS all IV
regression presented in Table 4, Column 5, and hwhiere discussed in detail in the
estimation section. In the simulations, | examittes effect of changing the tax regime on
the following: the number of cars purchased; theketastructure subject to the model’s
segment; the aggregate and average emissions ;lewslsthe aggregate and average
revenues from taxes. The results are from the gdreiween September 1, 2013 and the
end of August 2014. In other words, | simulated tiesv car market between September
2013 and August 2014 under different tax regimeshé analysis, | used the assumption
that the entire tax gap between the two tax regisipassed on to the consumers.

The choice of this period (September 2013 to Au@@t4) was not random. | chose
this period for the following reasons: a) The updaformula for green taxation became
effective in August 2013, and | preferred not te tise first month following the update, as
consumers could have preferred to buy a new ctieetr avoid paying more taxes, which
| assume would mainly affect the following month; Bhis 12-month period could be
referred to as a full year; and c) August was #st tecorded data available. | believe that
results for this period can help us to better ustded the influence of different taxation
levels and methods on the future Israeli marked,raaybe on other markets as well.

To change the tax regime, | first needed to know flurchase tax of each car.
Unfortunately, this information is not published, Ishad to use the following assumption to
calculate it: The importer's share of the pricéixed and equal to 35 percent of the price of
the car before the purchase tax (after customg),iaciudes the green rebate (and the
customs levy if needed). | also had to considerrémte for safety accessories, which is
between 0 and NIS 2,250 (like the green rebateledisas the luxury tax. This luxury tax,
first introduced in September 2013, is a tax on hewry cars. The purchase tax level of a
car model with a final consumer price of NIS 30@08 more (including VAT) is 83
percent, plus 20 percent of the final price abo¥8 B00,000, divided by the final price.
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For example, a car model that costs NIS 1 millisntaxed at 83%-+0.2*(1,000,000-
300,000)/1,000,000 = 97% without the green or gadetessory rebates.

Table 8 shows the number of cars purchased, takitgport price, and the tax revenues
of cars purchased between September 2013 and AR@ii4t Column 1 presents the results
of the dataset, and Column 2 presents the redulle alataset weighted by the full number
of cars purchased in this period according to #nadl Vehicle Importers Association (the
data source). As stated above, | needed to asshenémporter’s share of the price to
calculate the real purchase tax. To see whetheassamption was logical, | wanted to
compare it to information from the Israel Tax Autity regarding revenues from purchase
taxes on cars. However, | was not able to gain ssc¢e revenues for the period of
investigation. Therefore, as a proxy, | used the revenues for 2014 (the full year).
Column 3 presents these aggregates and Column wsstie difference between the
weighted dataset results and the Israel Tax Authdsta.

Table8
Basic data
Base data | Extrapolation | Tax Authority
September | data Septembgr data January
2013 to 2013 to 2013 to Difference
August August December | between (2
2014 2014 2013 & (3)
(1) (2) 3) (4)
Cars purchased 199,354.( 210,334.0 225,297 7.1%
Total import value (NIS million) 11,812
Total customs revenues (NIS 316
million
Total import value and customs 10,942.4 11,545.0 12,128 5.0%
revenues (NIS million)
Average purchase tax (NIS) 32,182.7 32,182.7 31,271 -2.8%
Total purchase tax revenues 6,415.7 6,769.1 7,045 4.1%
(NIS million)

Notes: The results of the simulation based on #rentarket between September 2013 and August
2014. In our dataset we managed to observe 94c¢emenf the market as defined by the Israel

Vehicle Importers Association. The weighted resattsthe basic results multiplied by 1.055078. The
Tax Authority data are based on taxes and data@nar market in the year 2013 as published by the
Israel Tax Authority.

As Table 8 shows, | analyzed data on 199,354 newater cars purchased between
September 2013 and August 2014. The original daiar to aggregation and removing

cars with small market shares, included 210,334 pevate cars, meaning that | was left
with 94.8 percent of the original dataset (notuéhg small vans, vans and pickups). The
total import value and customs cost was NIS 10/8#on. The average purchase tax was
NIS 32,182.7 and the total purchase tax revenueNI8s6,415.7 million. Comparing the

weighted results with the Tax Authority results wkoseveral differences: a difference of
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7.1 percent in the number of cars purchased, &rdifte of 5.0 percent in total import
value and customs, and a difference of 4.1 percetdtal purchase tax revenues. These
differences may seem high, but it should be ndtetithe period is different and there may
be different car types included in the dataset. aherage purchase tax is higher in the
dataset, which is logical with the change in therfala for calculating the green rebate and
the final purchase tax.

b. Changesin tax level

In the first simulation, | simulated different phase tax levels. As mentioned in the
overview of the policy section (Section 3), thedpsirchase tax rate is equal to 83 percent
without the green car rebate (we kept the tax levektant for hybrid cars). This tax level
could raise the question of whether by reducingdtxdevel the government could raise the
base tax, which would eventually lead to an inczeas purchase tax revenue. The
following analysis attempts to answer this question

Table 9 presents the results of the first simutatiévery column shows the effect of the
introduction of a different purchase tax level ba tnarket. The table shows that increasing
the purchase tax by 2 percent (Column 4) reducedhtimber of cars purchased by 3,063
(1.6 percent). Most of the differences are seethéncompact segment, which was reduced
by 1,711 cars (1.6 percent). The average greenesdeclined slightly. The average
purchase tax increased from NIS 32,182.7 to NIS4&88, and purchase tax revenues
increased by 1.4 percent, meaning that a smalleaser in the tax rate increases the
revenues but reduces the tax base. Total tax resefpurchase tax and VAT), increased
from NIS 10,227.2 million to NIS 10,290.0 milliof.6 percent). The increase in total tax
revenues is smaller than the increase in purctaseevenues. The reason is that VAT
revenues decline with the number of cars purchasbith makes total tax revenues more
sensitive than purchase tax revenues to the nuaiflmars purchased.

This result raises a question: At what point is thange in purchase tax level great
enough to decrease total revenue (the peak of #fiferLCurve)? Figure 1 presents the
results for purchase tax revenues, VAT revenued,tatal tax revenues. The maximum
purchase tax revenues are generated at the 108npéax level. At this point (point A in
the figure), purchase tax revenues total NIS 7®illion, overall tax revenues total NIS
10,373.9 million, and the number of cars purchasethb9,535. However, this point does
not maximize total tax, which includes purchaseaad VAT. VAT revenue decreases with
an increase in purchase tax. Therefore, the opfimiat is a 99 percent purchase tax level
(point B in the graph), which generates revenudli& 6,931.5 million from purchase tax
and total tax revenue of NIS 10,488.8 million, witfi4,849 cars purchased. Figure 2
presents the total tax revenue (the left axis)thedevel of tax on the final price (the right
axis). The optimal point (B) is equivalent to 44@&cent of the final price.
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Table9
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Simulation 1 - The car market under different tax rates

Purchase tax level

70% 80% 83% (base¢) 85% 90% 100%
@) 2 3 4 (5) (6)
Cars purchased
Total 219,265 203,949 199,354 196,291 188,634 173,318
By segment:
Mini 28,282 26,993 26,606 26,348 25,704 24,415
Small 24,722 23,317 22,896 22,615 21,918 20,508
Compact 121,361 112,804 110,237 108,526 104,246 95,687
Medium 17,787 16,432 16,025 15,754 15,076 13,721
Large 1,858 1,673 1,617 1,580 1,487 1,301
SuUv 24,935 22,407 21,649 21,144 19,882 17,356
Green indicators
Average green score 166.1 165.6 165.5 165.4 165.1 164.4
Total green score 36,420,084 | 33,778,595 | 32,986,318 | 32,458,173 | 31,137,794 | 28,496,892
Average emissions 55 5.4 5.4 5.4 5.4 5.3
level
Total emissions level 1,203,371 1,110,394 1,082,506 1,063,921 1,017,45424,596
Emissions
Average CQ 1375 137.1 137.0 136.9 136.7 136.2
Total CQ 30,156,913| 27,970,16%®7,314,219 26,877,014 25,783,865 23,597,337
Average CO 0.3 0.3 0.3 0.3 0.3 0.3
Total CO 74,868 69,640 68,071 67,025 64,411 59,181
Average NQ 0.0 0.0 0.0 0.0 0.0 0.0
Total NQ, 3,862 3,565 3,476 3,417 3,269 2,973
Average HC 0.04 0.04 0.04 0.04 0.04 0.04
Total HC 8,432 7,837 7,659 7,540 7,242 6,647
Average PM 0.00 0.00 0.00 0.00 0.00 0.00
Total PM 28.9 26.4 25.6 25.1 23.9 21.3
Revenue
Average purchase tax 25,788.4 30,729.8 32,182.7 33,1428 35,511.1 409089
revenue
Total purchase tax 5,654.5 6,267.3 6,415.7 6,505.4 6,698]6 6,948.3
revenue (NIS million)
Total revenue: purchase 9,611.0 10,117.1 10,227.2 10,290.0 10,409.2 10,486.9
tax plus VAT (NIS
million)

Notes: The results of the simulation based on tBeS3all 1Vs regression (Column 5 in Table 3).
These results reflect a simulation of the privaae market between September 2013 and August
2014, subject to different purchase tax regime [lkury segment is not presented due to the small

number of registrations.
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Figure 1: Revenues from Purchase Tax, VAT and Total Tax
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c. Green Tax Reform

In this section | simulate the alternative costshef green rebate scheme and the effect of
changing the green score scheme. Each simulatiesepts the base data between
September 2013 and August 2014, the effect of dhgnghe base, and Hicksian
compensated price changes. | do the last by priegetive public utility. However, there are
three different factors that are connected to thielip utility. Therefore, each simulation
presents a compensated analysis for each facterfiish factor is the number of new cars
purchased, the second is the amount of emissiowisthe last is tax revenues. The public
utility from new cars can be split into two parise number of new cars and their quality.
By changing the tax regime, | can change the nurobears as well as the bundle of cars
that are chosen by all consumers. While the forimerasy to measure, the latter is much
more complicated and perhaps even impossible tsueaThus, | will focus only on the
number of new cars. It can be said that more a@rdetter for the public, when all other
factors are held constant. The amount of emissiamsbe split into five types, which are
also used to determine the green score; @D, HC, NQ and particulate matter (PM).
While | report each one separately, the aggregatemup the green score. In the analysis,
the lower the total green score, the higher thdipuiility. The last dimension is revenue
from taxes, which can be used for the public gdduls, higher tax revenues lead to greater
public utility.

In the second (overall) simulation, | examined #iternative costs of the green rebate
scheme. Column 1 in Table 10 presents the baséisgdte market between September
2013 and August 2014, as in Table 8), while Colunoontains the results in a world
without a rebate and with an 83 percent purchaseTiae number of cars purchased drops
from 199,354 to 166,903 (a decrease of 16.3 perc&he average green score increases,
from 165.5 to 166.7, but the total green score eleses due to the reduced number of cars
purchased. Total tax revenues increase signifigafitbm NIS 10,227.2 million to NIS
10,801.8 million. In Column 3, there is no rebait the number of cars purchased remains
the same as in the base results, which was accstmepliby lowering the purchase tax to a
rate of 61.79 percent. In this scenario, we havaoae polluted world than in the base
results (total green score of 33.42 million instedd32.98 million), but with more tax
revenues (NIS 10,450.0 million instead of NIS 13,22million). In Column 4, | kept the
same green score as the base results, which lgce#ter revenue but fewer cars, and in
Column 5, | maintained the same tax revenues abdke results, which resulted in more
cars purchased but a greater amount of pollution.



GREEN TAXATION: THE FEEBATE ScHEME IN THE | SRAELINEW CAR M ARKET 25
Table 10
Simulation 2 - The Impact of Abolishing the Green Rebate
Without rebate | Without Without
same number | rebate sam{ rebate
Without of cars total green| same tota
Base rebate purchased score revenueg
(1) (2) (3) (4) (5)
Purchase tax 83% 83% 61.79% 63.46% 56.80%
Rebate Yes No No No No
Cars purchased
Total 199,354 166,903 199,354 196,797 206,997
By segment:
Mini 26,606 21,134 23,868 23,652 24,512
Small 22,896 18,685 21,665 21,430 22,367
Compact 110,237 91,701 109,819 108,390 | 114,097
Medium 16,025 13,788 16,663 16,436 17,340
Large 1,617 1,543 1,937 1,906 2,030
SuUVv 21,649 19,721 25,079 24,658 26,329
Green indicators
Average base green score 165.5 166.7 167.7 167.6 167.8
Total green score 32,986,318 |27,830,601 33,427,100 32,986,318 (34,744,255
Average base emissions le 5.4 5.7 5.7 5.7 5.7
Total emissions level 1,082,506 | 944,833 1,141,849 1,126,343 | 1,188,129
Emissions
Average CQ 137.0 137.8 138.6 138.6 138.8
Total CQ 27,314,219|23,007,174 27,640,441 | 27,275,490(28,731,004
Average CO 0.34 0.34 0.34 0.34 0.34
Total CO 68,071 57,241 68,327 67,453 70,939
Average NQ 0.017 0.018 0.018 0.018 0.018
Total NQ, 3,476 3,025 3,654 3,604 3,801
Average HC 0.038 0.039 0.039 0.039 0.039
Total HC 7,659 6,432 7,691 7,592 7,988
Average PM 0.000 0.000 0.000 0.000 0.000
Total PM 25.6 215 26.9 26.5 28.2
Revenue
Average purchase tax
revenue 32,182.7 | 43,408.0 32,897.2 33,749.6 | 30,328.6
Total purchase tax revenue
(NIS million) 6,415.7 7,244.9 6,558.2 6,641.8 6,277.9
Total revenue: purchase ta
plus VAT (NIS million) 10,227.2 10,801.8 10,450.0 10,5125 | 10,227.2

Notes: The results of the simulation based on ®EeS3all Vs regression (Column 5 in Table 3).
These results reflect a simulation of the priveae market between September 2013 and August

2014, subject to different purchase tax regime [lkury segment is not presented due to the small
number of registrations.



26 IsrRAEL EcoNnomic REVIEW

This analysis, however, doesn’'t answer the questfamhether the rebate scheme pays
off from an economic point of view. As was descdhe the literature review section, the
Feebate scheme was introduced in several counémgsjn some of them the cost of the
program was higher than expected, so that the anogvas not profitable when compared
to the cost of emissions that were saved. In Israglwell as in other countries, the
government quantifies the pollution cost for demismaking. Others use pollution quotas
that can be traded in the markets. To answer théstgpn, | expand the results of a world
without a rebate but with a purchase tax of 61.2&@nt, which has the same increase in
number of cars purchased (Table 10, Column 3).

The gap between the tax revenue is the alternatvg¢ of the program, and the gap
between the different emissions is the benefithef grogram. To calculate the cost of the
additional externalities of emissions, | used théngated costs from the Israeli Ministry of
Environmental Protection regarding the additionatemalities of air pollutants and
greenhouse gases. This estimation is based omtphact Pathway Approach (European
Commission, 1998), which considers the increasenmission concentrations at different
sites, its impact on public health, and the vabratf the health costs. The cost label in
Israel for HC, NQ, CO and PM is the average between the Benefitsfeaimethod and
Dose-Response method adjusted to Israel’'s popnlatispersion and urbanization. The
CO, cost is calculated on the basis of the averagwemst prevention cost in Europe
(Maibach et al., 2008) and the prevention costitédl States (Greenstone et al., 2011). As
mentioned, these are also used also to determéngrélen score.

Table 11 presents the cost estimation per ton @stom. On that basis | compute the
cost using the green score, which is equal to thission externality cost of 10,000 km of
driving, and determine the average distance a rewddves during its lifespan. For the
latter, | consider two options shown in Table 1BeTirst follows Adamou, Clerides and
Zachariadis (2014), who use an estimation of 2dDJ0@, and the second is 400,000 km,
which can also be used as an upper limit. | aleggmt the average distance driven per year
by a private car in Israel (Central Bureau of Stais, 2014).

Table11
Emissions cost per ton

Cost per ton 2013
Emission (NIS) Cost per ton 2013 ($)
CO, 103 28.8
CO 1,042 291.2
NO 75,461 21,090.9
HC/VOC 21,454 5,996.3
PM2.5 14,577.2 40,742.3

Notes: The costs published by the Israeli Ministr¥Environmental
Protection. The exchange rate is the average egehate in 2014.
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Table12
Emission Savings Exter nality
Travel Emission gap| Emission Profit
distance of cost gap cost (NIS Profit
Period new car (NIS million) | ($ million) million) ($ million)

Year 37,787 km 1.67 0.47 -221.05 -61.78
Car Life (low) 200,000 km 8.82 2.46 -213.90 -59.79
Car Life (high) 400,000 km 17.63 4.93 -205.09 -57.32

Notes The gap is the difference between Columns 3 andThlite 7. The exchange rate is the
average exchange rate in 2014.

As Table 12 shows, the program is not cost effecfiom a government budget
perspective if the emission externalities are va@lbg the prices shown in Table 11. The
emissions savings externality from the green schisrbetween NIS 8.82 million and NIS
17.63 million depending on the lifespan of the ream, and the lost revenues are NIS 222.7
million. In this scheme saving one shekel in emisgxternalities requires an investment
of between NIS 12.63 and NIS 133.39.

As mentioned before, in most countries the Feesetieme is focused only on lowering
CO, emissions. In the results, the cost saving olafoCG;,, when the average car travels
400,000 km is NIS 1,706 or $477. The value for mubecision making in Israel is only
$28.8.

d. Influence of updating the Green Score

The final simulation examines the effect of theegrescore update that took place in
January 2015. As mentioned, the Israel Tax Authatécided to change the green score
due to changes in the estimated emissions costelaas other reasons, to make it harder to
have a high emissions level. The new formula i®ksws:

GreenScore
_ 110« CO2 + 80,978 * NOx + 23,023 « HC + 1,119 * CO + 156,428 x PM

100

This means that each emission effect is increageabbut 7 percent. Raising the green
score affects the rebates differently, dependingherold emissions level. Rebates for cars
with a relatively low emissions level and thosehnatrelatively high emissions level didn't
change much, while rebates for cars with middlessions levels were reduced. The Tax
Authority explained this update as a measure to@age an increase in the market share
of “green” cars, technological changes in the adustry, and a decrease in tax revenues.
Due to exogenous changes in market, it was impbttacheck what would happen in the
market if the same update had been introduced ket8eptember 2013 and August 2014.

Column 1 in Table 13 contains the base resultslewbolumn 2 shows the results if the
update had been in effect between September 20d 2agust 2014. The number of cars
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purchased is reduced from 199,354 to 194,225 (@réemt) and total revenue is increased
from NIS 10,227.2 million to NIS 10,350.1 milliod.@ percent). This result is consistent
with the fact that the new green score schemesgsdenerous with new car buyers (i.e. it is
harder to get a "good" green score to benefit tmsemers).

| also report the base (before the update) andtegdgreen score results. The average
and total green scores are reduced, meaning thatptiate would encourage consumers to
buy a greener car. The total gl@vel is decreased by 2.8 percent, total CO isedesed by
2.8 percent, total NQOs decreased by 2.2 percent, total HC is decrelag@d8 percent, and
total PM is decreased by 2.2 percent. In summbgynew scheme reduces both the number
of cars and emissions.

In the next three columns in Table 13 (3-5), | exennlternative regimes that can
produce the same result as the update by chanigingurchase tax and leaving the green
score scheme the same. Column 3 shows the res$atsimulation that produced the same
number of cars purchased as the update. Colummwssh simulation that produces the
same green score and Column 5 has the same reviemegurchase tax. The results show
that increasing the purchase tax by 3.35 percstead changing the scheme could result in
a small decrease in the number of cars, presesmitar overall green score, and reduce
the tax revenue. In other words, similar results lba achieved in terms of emissions and
number of cars, but only at the cost of reducingrivenues. Trying to maintain the tax
revenues (Column 5) will decrease the number of oasg in the market. All in all, one
cannot produce a similar result by replacing theste with an increase in purchase tax.
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Table 13
Simulation 3 - Updated green score and alter natives
Tax Regime
Bgse regime Base | Base regime
Base regimd Updgted with updated | regime with with updated
regime number of cary updated
purchased | green scoré revenues
1) (2) (3) 4) (5)
Pur chase tax 83.00% 83.00% 86.35% 86.33% 87.24%
Carspurchased
Total 199,354 194,225 194,225 194,252 192,856
By segment:
Mini 26,606 26,326 26,174 26,177 26,059
Small 22,896 22,421 22,425 22,428 22,300
Compact 110,237 106,896 107,371 107,386 | 106,606
Medium 16,025 15,559 15,571 15,573 15,450
Large 1,617 1,597 1,555 1,555 1,538
SuVv 21,649 21,100 20,803 20,808 20,578
Luxury 324 325 325 325 325
Green indicators
Average old green score 165.5 165.3 165.3 165.3 165.2
Total old Green Score 32,986,318 32,099,889 32,101,780 | 32,106,50¢ 31,865,852
Average new green score 177.7 177.5 177.4 177.4 177.4
Total new Green Score 35,416,621 34,469,199 34,464,109 | 34,469,199 34,210,05(
Average old emission level 5.4 5.4 5.4 5.4 5.4
Total old emission level 1,082,506 | 1,055,144 | 1,051,378 | 1,051,544 1,043,075
Average new emission leve 6.8 6.8 6.8 6.8 6.8
Total new emission level 1,352,907 1,313,823 1,314,300 | 1,314,506 1,304,003
Emissions
Average CQ 137.0 136.8 136.9 136.9 136.8
Total CQ 27,314,219| 26,571,358 26,581,957 | 26,585,87( 26,386,632
Average CO 0.3 0.3 0.3 0.3 0.3
Total CO 68,071 66,205 66,319 66,329 65,852
Average NQ 0.017 0.018 0.017 0.017 0.017
Total NQ, 3,476 3,402 3,377 3,378 3,351
Average HC 0.038 0.038 0.038 0.038 0.038
Total HC 7,659 7,447 7,460 7,461 7,406
Average PM 0.00 0.00 0.00 0.00 0.00
Total PM 25.6 25.1 24.8 24.8 24.6
Revenue
Average purchase tax 32,182.7 | 33,865.6 33,786.6 33,778.1| 34,211.0
revenue
Total purchase tax revenue| 6 415.7 6,577.5 6,562.2 6,561.5 | 6,597.8
(NIS million)
Total revenue: purchase tay  10,227.2 | 10,350.1 | 10,327.4 | 10,327.0| 6,597.8
plus VAT (NIS million)

Notes: The results of the simulation based on BeS3all IVs regression (Column 5 in Table 3). These
results reflect a simulation of the private car kettbetween September 2013 and August 2014, sulgect
different purchase tax regimes. The luxury segrigenbt presented due to the small number of redistrs
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e. Discussion

The main results from the different simulations #ua: a) reducing the tax level would not
result in higher revenues; b) reducing the emiskwoal through the green taxation scheme
involves significant cost; and c) increasing thecpase tax level instead of updating the
Green Score cannot produce a similar market wieremissions level, the number of new
cars and tax revenues are the same or better. dlloavihg are some points that can be
generated from these results.

The finding that the tax level does not pass thakpaf the Laffer Curve shows that
reducing the tax level would not increase tax reresn Nevertheless, according to other
results presented, there is a significant coshéohigh tax level, which is reflected in its
influence on the number of cars and therefore eruthiity to consumers.

The relatively high cost of reducing emission leviiirough the feebate scheme should
lead us to question whether this scheme is the dester to the problem. The State of
Israel has other tools that can reduce emissiagidewhich are not being used due to their
budgetary cost. For example, the program offerirfqancial incentive to scrap old cars
that are still functioning, although cost effecti@areto Group, 2001; Bank of Israel,
2015), was cancelled due to budgetary constraints.

However, the analysis in this paper, which is basedhe alternative cost, does not
consider the transmission from used cars to new cathe length of the car’s lifespan.
Emissions are generally higher in old cars thamew cars. For example, the green score of
a 2008 Mazda 3 is 47 points higher than the 201deinasing the same calculation method.
Changing the purchase tax may encourage or disgeute consumer from replacing his
car, thereby decreasing or increasing total emissidhe influence of increasing (or
decreasing) the tax level on new cars on the ttabksions of old cars is unclear. While
increasing the tax on new cars makes them lesactw® and therefore delays the
replacement of old cars with newer cars, the rebatéd encourage consumers to replace
their larger old cars with smaller and less patigtivehicles. In other words, the scheme
influences the lifespan and cumulative distanceelesd of the vehicle, depending on the
car type (in this paper the cumulative distancarisexternal variable). Therefore, it may
influence the alternative cost.

This paper does not address the question of whithes is a tax model that can reduce
total emissions without decreasing the number o @athe market and without lowering
tax revenues. It should be noted that the answthrisoquestion is complex. In Israel there
are 15 emission groups, and changing them wouldine@ model with many brackets of
different sizes, and with an upper limit to the Hegt bracket. Simple testing, such as
increasing or reducing the rebate or cancelling esmhthe brackets did not lead to a
solution. While it may be done, finding such a maeeeds the scope of this paper.
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5. SUMMARY AND CONCLUSIONS

In this paper, | investigated the Israeli private market and the influence of the green
rebate program. First, | estimated the factorsueriting the market share of different
models, based on monthly data between January 20@&ugust 2014. For this purpose, |
used the nested logit model and regressed thréeratif specifications that address the
endogeneity problem with that model. | found the price and emissions level of the car
have a negative influence on the market share edramodel, while fuel efficiency and
safety have a positive influence on market share.

Based on these results, | investigated the infleesfcdifferent tax regimes on market
equilibrium. | chose the period between SeptembaB2and August 2014 as a benchmark.
First, | examined the influence of changing thecpase tax. | found that increasing the
purchase tax reduces the number of cars purchamkbtbtal emissions, and increases the
revenue from the tax. However, this effect was thahj as | found that the maximum
revenue from the tax was generated at the 99 pepteohase tax level (before the green
rebate), or 44.98 percent of the total average cavprice (including VAT).

Second, | examined the effectiveness of the grekate scheme. | found that the green
rebate reduces total emissions but also reducesuimber of car registrations, as well as
revenues from the tax. When cancelling the grebateeand holding the number of cars
purchased fixed (done by reducing the purchase, thg}h emissions and revenues
increased. | also found that the program is noffifalle from a government budget
perspective, and the cost is much higher than énefit gained by reducing emissions. The
cost of eliminating one ton of GOs NIS 1,191 or US$ 332.85, for an upper limit of
400,000 km of driving distance. This amount is leiglthan the cost set by the lIsraeli
Ministry of Environmental Protection as the basisdovernment decision-making.

Last, | examined the influence of the green relsateeme update that took effect in
January 2015. | found that this update had a siraffect to increasing the purchase tax by
3.35 percent.



32 IsrRAEL EcoNnomic REVIEW

BIBLIOGRAPHY

Hebrew sources:

Israel Tax Authority, Planning and Economy Depart@013), "Taxation and Selected
Data: 2012",
https://taxes.gov.il/about/periodicreports/docuragsititrarehev/rechev2012.pdf

Ministry of Environmental Protection (Israel), ThEconomy and Standardization
Department (2013), "Subject: Updating the Valuestlud External Costs of Air
Pollutants, January 1, 2013".

Pareto Consulting Group (2011), "Assessing the Boon Implications of Expanding the
Program to Encourage the Scrapping of Old Vehickgmission to the Ministry of
Environmental Protection, Air Quality Department",
http://www.sviva.gov.il/subjectsEnv/SvivaAir/CarRglon/Scrapping/Documents/Eco
monic-Evaluation-Scrapping.pdf.

Other sources:

Adamou, A., S. Clerides, and T. Zachariadis (201%elfare Implications of Car
Feebates: A Simulation AnalysisThe Economic Journdl24(578), F420-F443.

Allcott, H. and N. Wozny (2014), “Gasoline PriceByel Economy, and the Energy
Paradox, The Review of Economics and StatisK€VI(5), 779-795.

Anderson, S. T., R. Kellogg, and J. M. Sallee (9018/hat Do Consumers Believe About
Future Gasoline Prices?Journal of Environmental Economics and Management
66(3), 383-403.

Bank of Israel, Research Department (20R&cent Economic Developmerit89: October
2014 to March 2015.

Berry, S. T. (1994), “Estimating Discrete Choice débof Product Differentiation,RAND
Journal of Economicg5(2), 242—-262.

Berry, S. T., J. Levinsohn, and A. Pakes (1995)uttdobile Prices in Market
Equilibrium,” Econometrice63(4), 841-890.

Christodoulou, T. and S. Clerides (2012), “Emisdgased Vehicle Tax Reform for
Cyprus: A Simulation Analysis,Cyprus Economic Policy Revieéd(gl), 3—20.

D’Haultfoeuille, X., P. Givord, and X. Boutin (201,4The Environmental Effect of Green
Taxation: The Case of the French Bonus/Maluihe Economic Journal24(578),
F444—-FA480.

Fischer, C. (2008), “Comparing Flexibility Mechamis for Fuel Economy Standards,
Energy Policy36(8), 3116-3124.

European Commission (1998), “ExternE: ExternalitidsEnergy”, Vol. 7: Methodology
1998 update, M. Holland, J. Berry & D. Foster (EdEUR 19083, ISBN 92-828-
7782-5, Luxembourg, 15-38.



GREEN TAXATION: THE FEEBATE ScHEME IN THE | SRAELINEW CAR M ARKET 33

Fershtman, C. and N. Gandal (1998), “The Effectttef Arab Boycott on Israel: The
Automobile Market”,RAND Journal of Economi@9(1), 193-214.

Gordon, D. and L. Levenson (1989), "Drive +: A Roeal for California to Use Consumer
Fees and Rebates to Reduce New Motor Vehicle Bonissand Fuel Consumption”,
Applied Science Division, Lawrence Berkeley Laborgt Berkeley, CA.

Greene, D. L., P. D. Patterson, M. Singh M., andlidl. (2005), “Feebates, Rebates and
Gas-Guzzler Taxes: A Study of Incentives for Insesh Fuel Economy,Energy
Policy 33, 757-775.

Greenstone, M., E. Kopits, and A. Wolverton (201"Bstimating the Social Cost of
Carbon for Use in U.S. Federal Rulemaking: A Sunymand Interpretation,” the
National Bureau of Economic Research (NBER), Wagkaper 16913.

Huse, C. and C, Lucinda (2014), “The Market Impand the Cost of Environmental
Policy: Evidence from the Swedish "Green Car" RehalThe Economic Journal
124(578), F393-F4109.

International Energy Agency (2013), "g@missions from Fuel Combustion 2013", Paris,
xiii-xv. DOI: http://dx.doi.org/10.1787/co2_fuel-23-en

Klier, T. H. and J. Linn (2015), “Using Vehicle Tex to Reduce Carbon Dioxide
Emissions Rates of New Passenger Vehicles: Evidénoce France, Germany and
Sweden” American Economic Journal: Economic Politfd), 212—-242.

Maibach, M. et al., (2008), “Handbook on EstimatiminExternal Costs in the Transport
Sector: Internalization Measures and Policies fdr Bxternal Cost of Transport
(IMPACT)", Version 1.1
http://ec.europa.eu/transport/themes/sustainald&@08_costs _handbook.pdf.

McFadden, D. (1978), “Modeling the Choice of Reasiil Location”, in A. Karlqvist et
al., (eds.)Spatial Interaction Theory and Planning Modelsnsterdam, 75-96.

McManus, W. (2007), Economic Analysis of Feebates to Reduce GreenhQase
Emissions from Light Vehicles for CalifortiidJniversity of Michigan: Transportation
Research Institute.

OECD (2012),0ECD Environmental Outlook to 2050: The Consequerafelnaction
OECD Publishing, Paris, 72—73, DOI: http://dx.dog/d0.1787/9789264122246-en
Rogan, F., E. Dennehy, H. Daly, M. Howley, and BOP Gallachoir (2011), “Impact of an
Emission Based Private Car Taxation Policy — Fivstar Ex-Post Analysis”,

Transportation Research Part A: Policy and Pract#g7), 583-597.

Sallee, J. M. & J. Slemrod (2012), “Car Notchesategic Automaker Responses to Fuel
Economy Policy” Journal of Public Economic86(11), 981-999.

Vance, C. & M. Mehlin (2009), “Tax Policy and G&mission: An Econometric Analysis
of The German Automobile MarketRuhr Economic PapeB9. http://www.rwi-
essen.de/media/content/pages/publikationen/rumesrni-papers/REP_09_089.pdf



34

IsrRAEL EcoNnomic REVIEW

Appendix
This appendix presentsthe calculation method of the smulation.

Pcy t?r;'g'tnal consumer price of caat Pij; Importer price of cay at timet
. Lower bound for luxury tax.
V; Value added tax at tinte M M=300,000
GRb;; erglnal green rebate on cgat Tlbj; Purchase tax on caat timet (%)
It | timet J
N . = 1if the car is an electric car
SR;, | Safety rebate on caat timet Electric; | _ 0 otherwise
Importer’s share of import price. . =1 if the car is a hybrid car
Is Assumptioni1s=0.35 Hybrid, = 0 otherwise
Pn. Consumer price of cgrat timet Emission Emission level of cai
Jt | after update of the tax regime level j F
| Original purchase tax on cpat L
Tbj; timet (NIS) o Degree of substitution in nests
Tn.. | Purchase tax on cpat timet Nest
7t | following tax regime update (NIS) 9 9
_ Price elasticity between cpand car AS The difference in modgls market
ikt | k at timet It share following the tax regime
update.
a Price coefficient Nnj, 'I_'otal numbe_r of cars Of modgeht
timet, following tax regime update
K Total number of cars of the model | HH, Number of households at tinhe

Import price of caj at timet equals:

C.
fxas

, 1+1Is + Tl
Pljt' =

cht‘
+ GRb;, + SRy,

, PC]<M

l 1+7V,

1+1Is +Tlb; + 0.2 * (Pcj — M)/Pc;,’

where the purchase tdXb;, is determined by:

Tlb;, = {30%,

8%, Electricj =1

83%, else

Electric; = 0 and Hybrid; = 1 and Emission Level; = 2
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and equal to:
Pljt * lejt ) PCjt <M

Cjt_M

Th, = _ P
J Pl]'t * (le]t + 0.2 = PC]t

> , PC]tZM

To estimate the purchase tax of ¢at timet after the update of the tax, | need to split
the tax into two options: 1) The car price was mdband now the price is under the luxury
tax ceiling; 2) The new price is higher than theulty tax ceiling.

Tn2;, = Tlnj, * Pije + 0.2 x ot

PTlZ]'t

And the same for the consumer price:

Pnlj, = (Pij + Pij; * Il + Tnlj, — GRnjy — SR;) * (1 + V)
Pn2j, = (Pij + Pij, * Il + Tn2;, — GRnjy — SR;,) * (1 + V)

The second option is equal to:
Pn2; = % * (

J—o.s «*M(1+V)+( Pij+ Pij*Il—GRnj, — SR;; — 0.2)2 )

The updated purchase tax depends on the final pfittee car
. {Tnljt, Pnjt <M
Tn2j, Pny =M
And the final price depends on the lower ceilinghaf luxury tax.
Pr., = {Pnljt, Pnljt <M
8T Pn2y, Pnl; =M

The original price elasticity between gaand cak at timet is equal to:

aPcj, [1 -8 —(1— U)Sbjt]
! L
_ if j=k
_ 0Sby, Pey 1-o
Tikt = 3pc,, Sbj, aPc, [O'.STE +(1- G)Sbkt]
g o
ke
— if jkeg

aPcy:Sby: otherwise



36 IsrRAEL EcoNnomic REVIEW

On that basis, | calculated the change in the niatiare of car at timet,

K
ASjt = Z Njk * (Pnjt/ijt -1
k=0
then:
Snjt = Sbjt * (1 + ASjt)

The total number of cars is equal to the sharedl afirs multiplied by the entire market
(estimate with the number of households):

Nlet = Sn]t * HHt
On the basis of number of cars from each modelnthe purchase tax and the new

price, | calculate the tax revenue in each month.

K
Total Revenue From Purchase Tax at Time t = Z Nnj. * Thj,
j=1
K K v
Total Revenue From Tax at Time t = Z Nnj, * Thj, + Z Nnj; = Pry; = (Ttvt)
j=1 j=1



