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Abstract: The expansion of the transport sector is an essential part of the economic and
social development of a nation. But in many cases transportation also has adverse
environmental implications. Today these effects in India are relatively mild nazialio the

low number of cars in the country. At the same time the economic growth of Indiaiisgcreat
new consumer segments. These new consumer segments, even though poor by western
standards will by their sheer size create a large demand for cheap transportation. The
expectation of this demand has incited automobile manufacturers to develop and launch new
product lines of extremely cheap cars. Using household and manufacturer data this paper
estimates a structural model of household demand for automobiles in India. Exploiting this
model to simulate future demand the predictions are that during the next 20 years the number
of cars in India will increase by 30 million due to economic growth and up to 8 million more
due to the introduction of low-budget cars. As a consequence the CO2 emissions fram privat
cars will increase by 634% where more than one sixth of the increase is due to the
introduction of low-cost cars. The increase due to the development of low-coist aftise

same magnitude as the decrease commonly attributed to technological advancements i

energy efficiency in estimation models.
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1 Introduction

Transport is an essential ingredient for economic and social developmentioha Bat in

many cases transportation also has adverse environmental implicationsanEpertrsector

IS responsible for 20% of CO2 emissions in the world and one of the major sources of local
pollution. Today India with 17% of the world’s population is the source of less than 1.6% of
these transports related emissidridobility is to a large extent about busses, trains and two
wheelers. At the same time the economic growth in India (and a number of othepdeyel
countries) is expected to transform this pattern and increase the demauatbfoobiles
significantly. The Asian Development Bank has estimated that due to the etreaaith of

the Indian households the number of cars in India will increase from 6 mdliéh.® million

in the next 20 years.

However India and a number of other large developing countries experience a period of
unprecedented economic growth which is creating new consumer segments. These new
consumer segments present a potential demand for low priced cars of a magnitude that ha
never existed beforeThe expectations of this future demand has in turn incited automobile
manufacturers to start developing new product lines of extremely cheap cars with
performance and maintenance requirements adapted to the local marketsimBmd daven
supply of low-priced cars is generally not accounted for in forecasts of the develarient
transport sector. In developing countries, cheaper cars would enable new consumetssegme
that previously could not afford a car, to buy one. If, at the same time, these consumer
segments are growing, the impact on the demand for automobiles could be significant.

A crude way to test the potential impact of a price decrease of automobdese

Demographic Health Survey data (DHS) which includes household wealth as well as

! Source Industrial Energy Outlook report #DOE/EI488(2008)

2 Asian Development Bank (2006). The forecast isedoyn Segment Y Itd and includes SUVs The figurethen
number of cars presented in all other calculatiorikis paper do not contain SUVs. The ADB figurghaut
SUV:s would be approximately 35 million.

3 A parallel to the forces at play is the mobileepony industry. It was originally an exclusiveviee restricted
to small consumer segments in the rich, developedtces. However producers have reorganized ptamyc
distribution and sales in ways adapted to low ineonarkets and utilized the existing technology imae cost-
efficient way. This has transformed mobile telephorio a cheap commodity available in almost eeyntry
in the world. Today India has almost as many madilescribers as the United States while Chinawias s
many.



information on household access to car and/or two wheeler. According to the 2005/2006
DHS data for India there is 6 million cars available to households today. Dividendata

into income groups and weighing each income group by its forecasted growth the estimated
number of cars in 2025 would be 42 million éatssing the difference in ownership of two-
wheelers and cars to calculate a simple price elasticity measue#feitteof a general price
decrease of automobiles of 5% (10%) is to increase this figure to 47 (53) millsoim @25
instead figure 2. This is a 13% (28%) increase compared to the forecast that takes only
economic growth into account. These “back of the envelope” estimations prediets that
demand driven supply of low-cost automobiles has the potential of significantlpglies

future demand for automobiles in India

In previous estimations of the effects on climate related emissions theegmwth of the
transport sector in countries in Asia the effects from economic growth hagokeled as
the main driving force. The potential effects from innovations targeting the budgetisein
the automobile sector on the other hand have not. The primary aim of this paper is to
construct a structural model that makes it possible to estimate the aaldifiects on
demand, and thus CO2 emissions, from the introduction of the ultra-low-cost cas model
announced to be introduced on the Indian automobile market. The contribution from this
paper is that the method used, in addition to the effects of economic developroesst, all
technical development of new, cheap car models to impact the estimations of the future
number of cars. Normally technical development is modelled as reducing emesmirs
the transport sector. In the scenario discussed in this paper technidapoerg can also
increase total emissions by affecting the demand for the product. This papematsres

the relative importance of these two innovations driven opposing effects onogsissi

The remainder of this paper is organized as follows: Section two gives someooacktacts
and surveys some of the related literature. Section three presentsathadlat section four
the methodology used is discussed. Section five presents the results and section si

concludes.

2 Background and related research

The first automobile arrived in India in 1898. During the next twenty years approkimate
40 000 cars were imported. In the 1920:s cars were beginning to get assembled locally both

* Excluding SUV:s.



by foreign manufacturers like Ford and General Motors as well as by a few indigenous
companies. After independence it was felt that India should build own competence in
manufacturing cars and only companies committing to a local manufacturing plan could
acquire a license. This lead to the exit of GM, Ford and most other foreign compawiag |
only a few Indian companies or joint ventures on the market. Telco who later beatame T
Motors started a joint venture with Daimler-Benz making trucks. Hindustan Motitirghieu
Ambassador which for many years was synonymous with passenger cars in India and is still
being sold. Premier Automobiles Ltd built the Padmini which is still used as thetawmacar

in Mumbai although the production line was discontinued in 2000. Mahindra & Mahindra
where the maker of a jeep based almost directly on the second world war workHbyrse Wi
jeep. These where pretty much all the companies and products around. Already the task of
producing components locally was daunting and there were very (except in the casg of Ta
little capacity for R&D. The manufactured cars were based on foreign snodRlvery little

local development madeQuality was poor and cars were mainly looked at as a luxury article
that did not receive a high priority from the government who believed trains and basses w

right for India.

This changed with the creation of Maruti Udyog. This company was the brainchild of Sanjay
Gandhi, son of the then prime minister of India, Indira Gandhi. He envisioned a “peaples ca
for the growing Indian middle-class. The company initially failed to take off buiviatig

Sanjay’s death the company got strong government support through Indira Gandhi giving it a
strong boost. Maruti combined Japanese technology (it is a joint venture with Suzlki) wi
modern management and its Maruti 800 has been the largest selling car in Indta from
introduction in 1983 up to 2004 when the number one position instead went to the Marulti
Alto. The government’s liberalization policies in the 90s and the opening of the tgsecto
foreign direct investments in 1993 initialized a rapid expansion. During the next obuple
years almost all the global players entered the market offering newstadgdted towards
different segments of society. GM, Ford, Mercedes, Hyundai, Honda, Toyota and Skoda had
all entered and set up factories, jointly or by themselves, by 2000. Very few of them though
designed models especially for the Indian market. Instead they entered witingexién

older models not well adapted to this particular market. All this is seatmyelthough. Due

to rapid economic growth leading to higher disposable income India is quickly ingcam

®> The Ambassador was based on the Morris OxfordeSéili The Padmini (originally called the Hindusth0)
was based on the Fiat 500.



market to important to miss. Lately also Renault, Nissan and Wolkswagen have adnounce
plans for factories and BMW have started to compete in the luxury segment. The market i
totally dominated by the small and compact car segment with 80% of the sales of which the
Maruti Suzuki company has a 50% share. A presence in these segments is necessary for

volume sales.

However still only less than 3% of the Indian households own a car while more than 20%
own a two wheeler. The reason for the low penetration of cars is that Indiag@dki

income country with a per capita income of 32 589 INR per year (756 US dollars 2005
WDI). This income is unevenly divided with almost half the income held by the upper

guintile and a large part of the population being extremely poor. However India's economy is
growing rapidly and by 2025 it is expected that the middle income tier will have grown by
more than 600% comprising one third of the populatigu(e 1).° A household in this

segment is poor by western standards (200t — 500t INR / year, $5t-$12t) and is just on the
brink of being able to afford a car at current prices. Economic growth in combination wi
cheaper cars thus has the potential of creating a very large increaseeaméreldor cars

from this segment.

To target this potential market the Indian car manufacturer Tata Moterstlsemtroduced an
extremely low-priced car (the Tata Nano). Following Tatas initiative doeuf companies
announced their interest in this budget segment. A joint venture comprising Rerssalh N

and Bajaj announced their commitment to develop an almost equally low-priced car (the
ULC) in the compact segment. Also Hyundai, Toyota and GM have announced their intention
of marketing a low-priced small car in India. Car analysts believe th&tdren market could

support at least 4-5 players in this ultra cheap seghent.

A few papers have addressed the development of the Indian transport sector and the
associated environmental impact. The Asian Development Bank (2006) has sponsored a
study of the climate effects from the on-road transportation in India (and atfzer A
countries). The projections of the increase in the number of cars in this studgdsona

expected economic and population growth as well as expectations on future road

® McKinsey global Institute (2007)
" Paul Blokland, Segment Y ltd, interview Auto OhssrMay 22, 2008.



infrastructure and scrappage rates. The result is that there will be 4106 calls and SUV:s

in India in 2025, a 7 fold increase from 2005.

Singh (2006) uses aggregate data to address changes in road-based mobility ¢ears, bus
three and two-wheelers) in India and the expected effect on the environmentuiesagsat
the demand for road based transportation will follow the same trajectory as in &urope
countries and that the major driving force of increases in transportaticonisraic growth.
Singh’s projections is that road transports in India will increase 3éstirom 2001 to 2021.
The share of cars in personal transports is expected to more than double in thisitidne per
The changes in CO2 emissions associated with the increase of cars isethlsikaither a
business as usual scenario with no energy efficiency gains and an efficiencyegaimosc
(1% / year). In the BAU scenario the automobile related increase in CO2@missir00%

and in the efficiency gain scenario 570%.

3 Data

The demand system in this study is obtained by aggregating a discrete choice model of
individual consumer behaviour. This requires producer data on sales quantities and car
characteristics / prices as well as household data on wealth and possibtjeatlographic

variables

The producer data used is from IndiaStats compilations of the Society of Indian Ausomobil
Manufacturers. The limiting factor is the data for prices which is avaifedim open sources

for only 3 points in time, 2001, 2005 and 2008. Thus the dataset consists of three panels, one
for each year and each with 25-32 car models giving a total of 94 datapoints. As can be seen
fromtable 3the sales increases each year. Average constant prices on the other hand
decreases slightly. Summary statistictainle 1shows that some of the variables have a very
large span. Price varies between 2 — 73 lakh and sales goes from 37 — 230 000 units. The
extreme upper price values and lower sales figures are mainly due to a few btheds in
extreme luxury segment (stable 2. To test if these outliers drive the results the estimations

are also done removing the related observations from the dataset.

8 Micro data on consumer choices would improve #sailts but there is no data readily available en th
consumption choices of households when it comasitomobiles in India. The available data is targete
towards large corporations and their budgets.



Adding to the data acquisition difficulties is the fact that producer databisshed by
manufacturer and cla§siot by model. Thus the sales data for each class and manufacturer
has to be allocated to models. This task is significantly facilitated by the iolvanof

models on the Indian market and in most cases each manufacturer has at most oime model
each segment (in most cases they are only present in a few segments). FoctHsegew
where this is not the case, annual reports and trade press on sales figures bhasd&

assign the aggregated sales figures to different models. Information on aisiresie from

different manufacturers Internet sites.

The characteristics included are price, length, HP/weight, km / litre andraydtonif the

car is in the luxury segment or not. The whole Indian automobile market is dividediagcor

to length and the common perception of segmentation is according to this chstradté? /
weight is a proxy for how sporty the car is and km/litre gives an indication on how expensive

it is to drive and how environmentally friendly it is.

Most cars in India are built or at least assembled locally even if théyaaeel on (often
older) foreign models but a few luxury cars are imported (BMW) or based on the latest
version available in the west (Mercedes). These luxury cars commandegti@xal price
premium compared to other cars in a way that is not reflected in the lengteigiit/and
km/l characteristics. The dummy “luxury car” is introduced to capture theigettc

advantages from these mod&ls

Demographic data is from the National Health Survey 2005-2006 and comprises data from

109 000 households. It includes information on the wealth of the household based on
household possessions. For poorer households this wealth measurement has been found to be
more reliable than a measurement of disposable income or consumption in comparative
studiest*

Data on the estimated future income distribution of households is taken fronm$&gKi

(2007). They base their estimations on a proprietary database integratingdiibtmrgehold

° In official statistics as well as in all referesdie Indian automobile market is segmented iragsels
according to length.

1 The luxury segment is defined wider than the em&r@utliers discussed earlier and that are exclérdea
estimations when testing the effect of outliers.

! See Rutstein, Shea and Johanson (2004) for asdiscuon the wealth index in health surveys.



surveys, macroeconomic and demographic data. The macroeconomic projectionsdaoa base
the Oxford Economics Global Model while household data is mainly from NCAER’s

surveys-?

Data on future models of ultra cheap cars are based on manufacturer’s annowsrethent

trade press.

4 Methodology

The aim is to estimate the relative change in CO2 emissions following chariges

household demand for automobiles. Household demand is assumed to be affected by changes
in the size and distribution of household income as well as by the introduction of new,

cheaper car models on the market. The changes in CO2 emissions will be dgomate

number of scenarios with differing assumptions on the changes in income, time of

introduction of new cheap cars and the possibility of a stepwise introduction @fuebr

efficient technology. The latter is supposed to affect all cars on the markeeoyal

percentage reduction in CO2 emissions.

CO2 emissions are calculated in a stylized way. Emissions 2005 is normalized to one
Assuming that driving patterns for car owners are homogeneous and does not change, the
mileage for mixed driving is used together with the estimations for the number of each
model to calculate the amount of fuel used. It is assumed that CO2 emissiomscile di
proportional to the amount of fuel us@dnd the resulting emissions are calculated as
multiples of the emission level at the base year. Thus relative emlssels 2025 is

calculated as

2025
N 2905 4 z ij—lSEMt(l_T)(t—ZOOS) — 5%
2025 — t=2006\ jOJ"
- 2004 -12005y 4 2005
N+ %" mS7%M

JDJ 2005

(1)

12 For a detailed description see McKinsey (2007)eapix B2. NCAER, India’s National Council of Apptie
Economic Research.

13 See ICCT (2007) appendix for a discussion on theshsize of multipliers for comparing standarding
mileage and CO2 emissions respectively.



where there i§' car models in yedrindexed byj where each model has mileageand
S} share of total sales in the given yearhe mileage for a given modethanges only due to

T which is an (average) yearly improvement in fuel-efficierdy. is the number of

households andN'is the total number of cars divided by their respective mileage in a given
year. The number of cars in 2005 is calculated as the number of registered vehicles2004 pl
the number of cars sold during 2005. The share of the number of cars of each type in 2005 is
assumed to be equal to the share of sales in 2005 for that type and their respezye isil

used to calculat *°®. d'is the total estimated age related scrapage rate divided by the
relevant mileage in time There are no official figures on the scrapage rate and India is
notorious for keeping its cars rolling long after retirement'agéws the rate of depreciation
of the car pool is difficult to estimate. Looking at historical production numbers and
comparing it to the current number of registered cars results in a life-tiaimas$t 30 years
for a car. Translating it to the actual time-period used would mean a totallwsade

related scrapage corresponding to emissions from approximately 2 milliorifeatmg all

scenarios equallyd®®*in (1)).

This method is simple but fairly robust regarding the relative effects wheduing new
low-cost car models and when allowing for a general increase in fuel-effjoiehich is the
main issues at interest here. In the case of cars announced but not yet intrioelyced t
expected to be designed with low cost as the most important design parameter and not
focusing on pioneering new fuel-efficient technology. If no other information is biaitas
assumed that they will be at best as fuel efficient as the best in theitaday (2008).

To find the total number of cars of each type in the year 2025 the demand at two points in
time, 2015 and 2025 is estimated using a structural model of consumer demand described
below. Itis assumed that the demanded number of cars each year grows linea2y(Bem
2015 and from 2015-2025 and that this demanded quantity is also supplied.

A large literature deals with the problem of estimating demand and supply usswgreer
and producer data. Following McFadden (1973), discrete choice modelling was used as a
basis for these types of studies. Berry, Levinsohn and Pakes (1995) (BLP) study extended the

“The ADB report (2006) includes scrapage ratesiredtimations but does not publish the values by tused.
'3 Forecasted income distributions for householdswaaéable for 2015 and 2025 only.



methods to differentiated products in a study of the US automobile market. Their demand
system was obtained by aggregating a discrete choice model using producer an@iconsum
data®®. This paper will follow the BLP strategy when estimating household demand for

automobiles in India. The method is outlined below.

In a discrete choice model consumehoose produgtif utility for j is larger than for any

other produc; >U, Ok # j. The approach here is a random coefficient model allowing for

consumer heterogeneity. The utility is assumed to be linearly additive andddedine

U, =x;8+{; +a;p; +& where; is a vector of observable characteristics of the car and
¢; is unobserved (by the econometrician) characteristic(s) of thé éar.assumption made

in most models of this type is that rich customers are less price wsetisén poor. A

common way to include this assumption (see Train 2003) is by Iezrpin:rg;i wherec, is

wealth of consumer*® Wealth is from the DHS data. The utility can be decomposed into a

mean
3, =x,B+¢, (2)
and a deviation from that mean

Hy =a;p;+ &, @)

Assuming that thes; are distributed extreme value (type 1) the market shgifes model

] D[l..J] during the time period can be computed using a logit model integrated over

consumers (time indexes omitted).

16 A number of more recent papers have applied teihatology to different areas. For example Pef{0R)
used the same methodology to estimate the efféth® antroduction of the Minivan on the US autorieb
market while Goldberg & Verboven (2001) applietbiestimate price discrimination in the European
automobile market. Brenkers & Verboven (2005) neates the effects of liberalizations in the EU suwa
exclusivity in automobile distribution. (for an aveew see Berry & Pakes (2007).

7 All unobserved characteristics are assumed tadieded in this one characteristic. For a discuseivthis
assumption see Berry & Pakes (2007) and the refesetiere.

'8 Brenkers & Verboven (2005) uses a similar speaiitm while Nevo (2001) interactswith income and
income squared. BLP in turn uses log(Income — prigmce the wealth parameter is not directly coraiple to
price the BLP specification is not suitable andgparse data available suggests a choice requaisifigw
parameters as possible making the use of the imwénsealth preferable to the combination of wealtld
wealth squared.
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The utility of the outside alternatit&is normalized to 0 and thu® =1 which is entered

separately in the denominator in (4). The estimatador of market shares =[s..s,| from
the estimations in (4) are forced to comply witl teal market shareS = [Sl..SJ]from the

market data by iterating over the vectbr= [61..6J]according to the algorithm
8,1 =3, +In(S) - In(s) (5)
BLP shows that this is a contraction mapping cogimgy to one and only one solution br.

The result from (4) and (5) depends on the chdicg oMinimizing a suitable objective

function dependent oa iterating over (4) and (5) will then return a cigtent estimate
ofa ?°. The objective function chosen here is the GMNhestor 'Z®"Z'¢ where

{ =0— XB and Zis a vector of appropriate instruments assumee torthogonal ta/ . The
optimal weighing matrix®is var(Z'¢) = Z'{{'Z which in the homoscedasticity case

simplifies to® = Z'Z . Since the data consists of a panel with multijphe periods the safest
strategy would have been to allow for heteroscezisbut the limited dataset causes
problems in convergence of the estimates when uBiagnore complex specification and

therefore the assumption of homoscedasticity isesmgtl is estimated each iteration step by
the linear estimat6t

B=(X'Z07Z'X) X' Z07Z'5 ()

The development of a new car model both from arteahas well as a production and

support perspective is a project that stretches @veimber of years. The design

¥ The outside alternative thus is all alternativebuying a car in this time-perios. Thus for exaenplvning a
two-wheeler is part of the outside alternativew®-+wheeler naturally also produces CO2 and thenpiade
effects from this will be discussed in the sengitianalysis of the results.

% standard error forr is calculated using the bootstrap method.

2L Use (2) in the GMM estimator and take the denxatiith respect tgf3. Variance is calculated using
(X'2(2'2)*Z' X)™

11



characteristics cannot be changed at short ndtlee price on the other hand has no such
restrictions. It is therefore possible that thegsiare correlated with the unobservable
characteristi¢ since they are easily changed with short noticgesponse to changes in
customer tastes. Substituting or including appadprinstruments iZ will address this issue.
The instruments suggested by BLP are the sum afttheacteristics for competitors and the
sum of characteristics for competing brands froenghme manufacturer. These would act as
price shifters since they affect the level of cotitfws and predatory pricing in the
characteristics space. If there are many modetsmihe product portfolio of the same

company ¢;; high), a price cut for one of the models woulceffthe sales of the companies

other models and thus the company would be moueteeit to lower the price. If on the other

hand the outside competition is largg, ( high) a company would be more prone to cut

prices. As in the estimations done by BLP it tuwnsthat including many instruments based
on different characteristics introduces numericabfems in inversion due to collinearity and

here only length is used as a basis for the insnisn

Z,; = Y length Z,; = Y length

kOA(j) kOA(j)
k#j

Where A(j )is the set of car models from the manufacturerriakes modej .

Having estimated the coefficienss S of the model the estimations of future market ehar

are found by changing the distribution of incomediso that it matches the expected future
income distribution. Draws from this counter fa¢timaome distribution and the estimated
mean utility from the previous step are then use@d) when integrating the new market
shares for each car over consumers. Introducingaaesvis then a matter of defining the price
and characteristics and based on the charactsrasiit their coefficients calculate a mean
utility. This new combination of mean utility andge is then added to the list of cars and the
resulting market shares are estimated. To finceKpected total demand for each model the
shares are multiplied by the expected market staehwin this case is the expected number of

households in India at the year of interest.

5 Results

The result from estimating the model

12



Uij =4 +181Lj +182Lj2 +183Hpj +,34KMJ +:B5”-j +Zj Tap; T

is shown intable 4, column 1 All coefficients are of the expected sign andhgigant at least

at the 10% level. The length of the car is entevigd its square and the coefficient for this
variable is negative. The effect is that in the lsboamedium segments, length is an important
factor for the perceived utility of the car whilerfmore expensive cars the relative importance
of length decreases. HP/weight and KM/litre arthlpmsitive. A car that is perceived as
sporty and a car that is cheap to drive as watha® environmentally friendly increases

utility. If the car is in the luxury segment, ims case a BMW or a Mercedes, the utility
increases significantly. The price parameatds negative as expected. The cars in the extreme
luxury segment A6 are not very typical for the brdiautomobile market. The impact of these
non-typical brands for the results is tested ier@ad estimation. In the regression shown in
column 2the extreme luxury cars are excluded from the.ddta results does not differ in

any significant way from those solumn lindicating that the results are not driven by éhes
potential outliers.

The main results are based on simulations usisgetimated model of user demand in
combination with different assumptions on futureame distribution and technological
development. The first objective of this papewoigstimate the additional impact on CO2
emissions from including the announced low-coss$ aathe estimations. This is done in
scenario lbelow. The second objective is to test the redaitivportance of the inclusion of
low-cost cars in the model compared to the standssdmption of a general improvement in
energy efficiency over time. This is donesitenario 2 The sensitivity of the results to the
assumptions made on economic growth and rate raiduction of new cars is tested in
scenario 3In scenario 4the potential effects from the inclusion of COBguicing two-

wheelers in the outside alternative is discussed.

Scenario 1: BAU versus Low-cost: In theBAU (business as usual) abhdw-Costscenario the
income and distribution is assumed to follow the INd®jections. The effect on CO2
emission in the BAU case when only taking incomanges into consideration are compared
to the case when the consumers are allowed tolbayttee currently announced ultra-cheap

13



cars. The cars are introduced in the model withcti@acteristics and according to the time-

plan announced by each manufactifer.

In 2005 the Indian households had 6.6 million earg yearly sales were 850 000 cars. In
2007 sales had increased to 1 150 000 cars. IBAkkcase, yearly sales in 2015 is
predicted to be 1 775 000 cars and in 2025 2 500c@6s, more than double the sales in
2007. The resulting accumulated number of caORb will then be 36 million, a 5.50 times

increase compared to 2085.

The low-cost case assumes the introduction oflfmurcost cars: First the Tata Nano in 2008
at the price of one Lakh. Then in 2011 the iQ frboyota at 1.3 Lakh, the ULC from
Renault-Bajaj at 1.1 Lakh and a car from Hyunddi.&tLakh. Running the simulation when
including these four low-cost cars the sales figune2025 increases to 3 070 000 cars. The
accumulated number of cars in 2025 would then bectmillion, a 6.6 times increase
compared to 2005, 25% more than the BAU céigarg 3) Splitting the different figures on
car segmentdigure 4)shows that all of the increase is in segment Ad skgment for
compact cars. What is more important though isttiafigures also show that the increase in
segment Al is mainly from households switching fittve outside alternative (two wheeler or
no car). Only a very small part of the increasthinsegment is from households switching

from higher segments (mainly segment A2).

The effects from these two different cases on C@Bwons (keeping other factors constant)
are shown iffigure 5 In the business as usual case emissions incseasienes relative to the
2005 level. This is the increase that should beeetgal taking only economic growth into
account and no introduction of low-cost cars onrtfaeket. If instead the effect from the
introduction of the Tata Nano and similar very drobhkap cars is taken into account the
effect is 6.34 times increase in CO2 emissions, i&%e than the BAU case. The reason that
CO2 emissions increase less than the number of2%98) is that the additional low-cost cars
are light and have small engines and thus are foetefficient than the average car.

Scenario 2: BAU versus Low-cost with technical development: A common assumption when

studying economic growth and changes in emissiegldas that of a continuous introduction

22 0n mileage see previous comments.
2 All figures are exclusive of SUV:s. Only the segnseM1:A1-A6 are included.
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of energy efficiency improving technologyrhe rate of this improvement is declining over
time and is expected to tend towards zero in thg tan. The global trend for this
improvement in 1995 to 2005 was estimated to ba%.per year (Nordhaus and Boyer
2000). In the period 2025 to 2050 it is assumedkirease to 0.95% (0.97%) (Nordhaus and
Boyer 2000, Nakicenovic et al. 1988) Gramlich (2008) finds the time trend in average
mileage for the US automobile market from 1971-2fincrease by 1.3%. However part of
this is due to a trend towards demand for smales with lower fuel consumption per se and
not technical improvements in energy efficiency.t@st the impact of these assumptions on
the CO2 emissions due to automobiles in Indiagdmeeral energy efficiency gain is modelled
as a yearly percentage improvement in mileage airfok each car model (variablan (1)).
This improvement does not change the price of éns.cBased on the previously quoted
estimations it is assumed that an average improneaidl % per year in the relevant time
period is reasonably in line with standard assuomgtand historical trends.

The result is that in the BAU case the predictetldase in relative CO2 emissions will be 4.7
times higher than in 2005. The effect of includan% yearly general energy efficiency
improvement in the model is a 16% decrease of Q@i2ons compared &renariol.

When combining the assumption of a general imprarernm energy efficiency with the
introduction of low-priced cars the increase wél 5.45 times that of the 2005 level. The
introduction of low-priced cars thus results in 16i#gher CO2 emissions than the BAU case.
The 15% negative effect on CO2 emissions fromrtr@duction of low-priced cars will thus
almost match the 16% positive effects on emissiom general efficiency improvements

counterbalancing all positive effects of 17 yedrteohnical progress in this fielfiqure 6)*°

Scenario 3: BAU versus Low-cost with economic shocks: The model in this paper is a static
model where the entry and exit decisions of protkiaee exogenously decided. To model the
effect of economic shocks (as well as the effacimfmany policy decisions) in a more
realistic way requires a dynamic model where tluesesions are endogenised. Keeping these
limitations in mind a stylized way to test the s@wisy of the predictions made with this

%4 The high alternative is due to Nakicenovic etwalich is also the source for the IIASA (scenarimBhis
case). These measurements apply to the assumedd glt#of decline in carbon intensity.
%5 Mileage for 2008 models are used in the calcutatimaking the difference up to 2025 17 years.
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model to economic shocks of the type currentlyctiifig most industries and not least the
automobile industry are made by creating threessebarios®

1. Inthe first it is assumed that income growth ikged with four years.

2. Inthe second it is also assumed that the prodsieetry decision in the low-cost car
segment is delayed with 4 years compared to whabban previously announced.

3. Inthe last scenario only the currently realisettyelata Nano in 2008) is included
and all other announced entries in the low-costranbile segment are assumed not to
be realised.

In the first case the overall impact of the shdcksoth the BAU scenario and the low-cost
scenario on the predictions from the model is rekese the CO2 emissions approximately
10% compared to the case with no economic sho¢kelproducer’s entry decision in the
low-cost car market is postponed with 4 years ¢ tecrease is 12%. In the case where the
economic shock stops the entry for all announceslioathe low-cost segment the impact is
larger, in the order of 20%. The total impact @& gredicted introduction of cheap cars on
CO2 emissions would in this case be as low as 8%apared to 16% without any economic

shocks.

Scenario4: Low-cost + two-wheelers:

A number of users switching from the outside akli¢iire can be assumed to switch from
using a two-wheeler to a car. This would decreseatdition of CO2 from the switch since
that household also generated emissions befor@ititeh. The sensitivity of the results to this

effect is discussed in this scenario.

In the extreme case where all switches from theidetalternative were from households
previously using a two-wheeler to cater to the stman@sport need the resulting increase in
relative CO2 emissions is predicted to be 6 tirhas of the level at 2005. This is an increase
by 11% from the BAU scenario. The effect on CO2meations from including the effects

from low-priced cars thus lies somewhere betweén 48d 11%. However not all

households are switching from a two-wheeler andynedinhose that do will not stop using

the two-wheeler even though buying a car. Alse #éxpected that a larger portion than before

of new car buyers will live in rural areas wherentouting distances are larger and thus CO2

%6 The objective is only to give an idea of the sevigy of the results to changes in the MGl foraseaand not to
make any real world predictions of the outcomehefdurrent economic downturn.
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emissions per car lardérThus the lower bound of 11% is not very realiatic the end

result can be expected to be closer to the 18%doun

6 Conclusion

The simulations in this paper predict that econotereelopment alone leads to an expected
36 million cars in India by the year 2025 (up frémmillion 2005). The introduction of ultra-
low-cost cars is predicted to increase this figuith up to 8 million more cars in this time
perspective. As a consequence of this increasesehold demand for cars the CO2
emissions increases with 634% where more than igtiecf the increase is due to the
introduction of low-cost cars. The predicted 2z¢he increase in CO2 emissions due to
low-cost cars matches the decrease commonly assianoedur as a result of general
development and introduction of more fuel efficieathnology. These results show that
omitting technological development that targetdxpstentially leads to significant
underestimations when estimating the future denaamidthe corresponding environmental
effects in the developing world. The developing keés, at least when they comprise 1/6 to
1/2%® of the worlds population, creates new rules aedstandard assumption that we can
count on technological development to help us dsaemissions should be more thoroughly
tested in these cases.

7 Future enhancements

The model used in this paper entails some un-iméuresults when it comes to substitution
between models. Due to the assumptions on the temmarthe model will for example predict
that a small number of people will be prepareditassitute an extremely cheap car for a
luxury car, something that we do not expect to leapp real life. This problem is addressed
by the “Pure Characteristics Demand Model” in Bemngl Pakes (2007) and it would be

interesting to apply their later work to the moutglin this paper.

Prior to the introduction of the “One Lakh Car” bgta Motors the low budget segment in
India was supplied using older designs from thelpcb portfolios of existing auto makers.
The company to break this pattern by investinggel@amount of R&D money in a low-

budget design was an outsider with little to lasef declines in sales of existing budget

%" Discussions with Hormazd Zorabjee Editor for A@oindia and Darius Lam assistant editor for Autoca
Professional (India).

%8 One can assume that the automobile makers alsatiesdeveloping markets than India in mind when
developing their low-cost brands.
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models. Immediately following the announcementheit new car many of the existing
manufacturers announced that they were going tovicduit. Why now? The development in
dynamic structural models during the last couplgezfrs has made it possible to create
models where the entry and exit decisions of conggaare endogenised (for an overview and
references to examples se Ackerberg et al 200 gullkese techniques would enable an
analysis also of the forces behind the technoldgieaelopment taken as exogenous in this

paper.

One of the weaknesses in this paper is the spataaudderlying the estimations of the
structural model and the simplifications and caaists this has entailed. Recent discussions
with experts on the Indian automobile sector haael to an agreement where they have made

a much richer dataset available. Including thisdgathe paper would be a natural next step.
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5 Figures and graphs

Figurel

Income distribution India (Households)
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Data: Source MGI.
Note: Number of households in each income group. 20152888 estimated. Income groups in INR and EUR
(October 2008).
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Figure?2

Consumer demand for automobiles as a function of price decreases.
India
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Data: Authors estimations based on data from Nationalltieaurvey 2005-2006 and MGl .

Note: Estimated number of cars 2005, 2015 and 2025 witlep constant and with an aggregated price
decrease of 2.5(5)% in 2015 and 5(10)% in 2025
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Figure 3

Estimated nbr of cars
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Data: Authors estimations based on demographic data fiational Health Survey 2005-2006 and MGI(2007)
combined with producer data from IndStat and otmirces (see text).

Note: Actual number of cars 2005 “compared with BLP gg@Emations of number of cars 2025. Two estimation
scenarios, BAU and 4 low-cost cars introduced. Té&mo 2008 1 lakh, the iQ from Toyota at 1.5 lakle, ULC
from Hyundai at 1.3 lakh and a noname at 1.1 lakh.



Figure4

Estimated nbr of cars / segment
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Data: Authors estimations based on demographic data fiational Health Survey 2005-2006 and MGI(2007)
combined with producer data from IndStat and omirces (see text).

Note: Actual number of cars 2005 “compared with BLP gg@Emations of number of cars 2025. Two estimation
cases, BAU and 4 low-cost cars introduced. Tatad\2008 1 lakh, the iQ from Toyota at 1.5 lakh, theC

from Hyundai at 1.3 lakh and a noname at 1.1 ldkkided on segments according to length.
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Figure5

Relative CO2 emissions for BAU and Low-Cost case

Relative CO2 emissions

2005 BAU 2025 BAU 2025 Low-Cost

Data: Authors estimations based on demographic data fiational Health Survey 2005-2006 and MGI(2007)
combined with producer data from IndStat and omirces (see text).

Note: Estimations of CO2 emissions. Normalised by baae23@05. Low-Cost case includes the following low-
cost car:. Tata Nano 2008 1 lakh, the iQ from Tayatt1.5 lakh, the ULC from Hyundai at 1.3 lakh and

noname at 1.1 lakh.
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Figure 6

Relative CO2 emissions when assuming a technology driven
1% / year energy efficiency improvement in all automobiles
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Data: Authors estimations based on demographic data fational Health Survey 2005-2006 and MGI(2007)
combined with producer data from IndStat and omirces (see text).

Note: Estimations of CO2 emissions. Normalised by baae3@05. Low-Cost case includes low-cost cars. Tata
Nano 2008 1 lakh, the iQ from Toyota at 1.5 lakle, ' LC from Hyundai at 1.3 lakh and a noname atldkh.

A general energy efficiency improvement of 1%/\saumed in Tech Dev cases.



Tablel Summary statistics of data

Std,

Variable Obs Mean Dev Min Max
Sales 94 25367,5 40556 37 230000
Prices (const 2007 INR lakh) 94 11,85 14 2 76
Length 94 4214,62 488 3335 5163
Km/I mixed 94 12,43 3 8 20
HP / weight 94 0,09 0,02 0,045 0,152
Imported luxury car 94 0,117021 0,323169 0 1
Weight 94 1166,95 315 650 2155
Power 94 104,27 50 35 275
Width 94 1656,5 110 1410 1846
Z1 94 11929,87 8722 0 26210

Data: Sales data from IndStat. Other characteristics froanufacturers Internet sites and trade publicagion
Note: Sumary statistics on data. INR lakh is 100 000 INR.

Table 2 Summary statistics of data divided by segment.

Variable Obs Mean Std.Dev. Min Max
Segment Al

Sales 3 86 297 13 315 71102 95924
Price (const 2007 INR lakh) 3 2,4 0,6 1,8 3,0
Segment A2

Sales 27 59 701 56 814 752 230000
Price (const 2007 INR lakh) 27 3,9 0,9 2,3 6,8
Segment A3

Sales 30 14 445 11 238 142 38639
Price (const 2007 INR lakh) 30 6,0 1,3 4,0 10,0
Segment A4

Sales 14 4553 5302 37 17 328
Price (const 2007 INR lakh) 14 14,8 8,5 6,8 29,3
Segment A5

Sales 17 943 902 42 3286
Price (const 2007 INR lakh) 17 23,6 10,3 12,7 425
Segment A6

Sales 3 200 190 44 411
Price (const 2007 INR lakh) 3 71,8 4,5 67,0 76,0

Data: Sales data from IndStat. Current prices from vesdboternet sites..

Note: Sumary statistics on sales and prices divided gmsaits. INR lakh is 100 000 INR.
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Table3

Summary statistics of data divided by year.

Variable Obs Mean Std, Min Max
Dev,

Year 2002

Sales 26 14 678 23 678 37 95 924

Price (const 2007 INR 26 12,7 15,3 3,0 72,5

lakh)

Year 2005

Sales 31 27 515 38 846 42 150 000

Price (const 2007 INR 31 11,7 13,7 2,4 67,0

lakh)

Year 2007

Sales 37 31079 49 822 186 230 000

Price (const 2007 INR 37 11,4 14,5 1,8 76,0

lakh)

. Data: Sales data from IndStat. Current prices from vensdoternet sites..
Note: Sumary statistics on sales and prices divided amn.yBIR lakh is 100 000 INR.

Table4 Regression results
Reg 1 Reg 2
Length 17.59 15.67
(9.93) (9.41)
Lengtle -0.98 -0.87
(0.03) (0.03)
Litre / km 1.34 1.28
(0.02) (0.02)
HP/weight 1.36 1.30
(0.01) (0.00)
Imported luxury 7.30 7.41
(0.04) (0.04)
a -0.51 -0.52
(0.05) (0.05)
Const -904.26 -85.63
(204.74)
N 94 91

Data: Authors estimations based on demographic data fational Health Survey 2005-2006 and MGI1(2007)

combined with producer data from IndStat and osmirces (see text).
Note: Estimation of utility function

U, =B +BL +B,L°+BHP + BKM, + ZIL, +{, +a,p, +& where Lis length. HP is

HP/weight. KM is KM/litre and | is a dummy for intped luxury car.Zj is a. by the scientist. unobserved

characteristic anda; is an individual price coefficient; is an error term assumed to be distributed extreme

value. The index j represents car model and i irddrouseholds. Regl includes all models, Reg2iftéists
results are driven by outliers by excluding the@xie(and fairly uncommon) luxury cars in segmehfrdm
the simulation. Standard deviation in parentheisishe case aff calculated using the bootstrap method
(Horowitz 1999) .
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