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INCOME AND VEHICULAR GROWTH IN INDIA:
A TIME SERIES ECONOMETRIC ANALYSIS

Vijayalakshmi S* and Prof. Krishna Raj?

Abstract

India is one among the fastest growing economies in the world with an average growth rate of
efght per cent of Gross Domestic Product in the last decade. The impact of increase in GDP can
be observed in many sectors of the economy and transport is not devoid of it. Micro-economic
theorfes firmly established the relationship between income and consumption having direct and
positive impact, This can be observed in case of India’s per capita income and personal vehicular
growth. In this line, the paper tried to analyse this relationship by compiling time-series data of
total registered vehicles and personal income from 1960-2015. Since, vehicular population has
influenced other important variables like urbanisation and employment, the paper tried to mode/
their effect under Autoregressive - Distributed Lag model (ARDL) and proves their long run co-
Integration.

Though increase in income and vehicles tend to show positive sign of economic growth, its
negative implications cannot be ignored. The paper also brings out the emergence of negative
externalities of growth of vehicular population by way of deteriorating air quality of the country,
which has affected the GDP. World Bank (2013) estimates show that three percent of GDP is lost
aue to air pollution in India which is commonly attributed to vehicular emission.

Keywords: Per Capita Income, Vehicular Growth, Co-integration, ARDL, Air pollution, Road
length.

Traffic congestion and air pollution are the by-products of personalised vehicular growth in India. The
stupendous growth of vehicular population, particularly in the mega cities is directly influenced by the
growth of personalised income. There is a strong one-to-one relationship among growth in per capita
income, urban population, employment and private mode of transport. These aspects of development
largely indicate welfare gain, whereas, presence of negative externalities in the form of traffic
congestion and air pollution reflect welfare loss. World Bank (2014) estimates show that approximately
54 percent of world population resides in cities contributing around 60 percent to the world’s GDP. The
growth in income has direct relationship with vehicle ownership with approximately 1.2 billion vehicles
in the world, excluding construction vehicles (IOMVM, 2014). The same pattern of growth in per capita
income and vehicular growth is observed in India. It is estimated that around 63 percent of its GDP is
being contributed by major metropolitan cities alone in 2011 and this trend is expected to be about 70
percent by 2030 indicating rapid urbanisation. These cities are home to around 31 percent of the total
population (Census, 2011) and support 182.4 million vehicles on narrow and highly congested roads.
Even though, the economic growth looks very promising with improvement in the standard of living
which has created more demand for private mode of transport, but such growth of vehicles is not
accompanied by the other supporting factors like growth of road length, scientific traffic management
system and improved public transport. This has resulted in crawling traffic and air pollution. Therefore,
the economic future of cities depends on how traffic and air pollution are better managed in the years

to come.
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The growth linkage between GDP and transport sector is very strong in recent decades. During
the last decade, the annual average growth rate of road transport sector when compared to GDP stood
at 8.8 percent which was greater than the overall GDP growth of 7.6 percent between 2001-2011. This
clearly signifies that the road transport sector is one of the fastest growing sectors in the economy.
Further, the contribution of the entire transport sector to the total GDP is 4.8 percent. Out of this, road
transport is the major contributor with 3.1 percent; railways contributed 0.9 percent and remaining 0.8
per cent by other modes of transport in 2013-14 (TERI, 2014). Among different modes, the shares of
rail and road dominate the entire transport system by 87 percent and road transport alone has a modal
traffic performance of 62 percent (NTDPC, 2010). India's freight volume increased at a compounded
annual growth rate of 9.08 percent and passenger vehicles at 10.76 percent, the road length by 4.01
percent in 2011 (TCI and IIM, 2012). The increasing gap between demand for personalised vehicular
ownership and growth of road length had created negative externalities like traffic congestion (incidents
of time delay, unnecessary fuel consumption) and air pollution (causing health hazards).

Against this backdrop, the paper makes an attempt to study the long-term relationship
between income and vehicular growth with other important variables (employment and urbanisation)
for India. Secondly, the paper made an effort to assess the air quality condition of the country affected
by vehicular population with the use of secondary data.

The paper is organised in four different sections: Section I tries to bring out the review of
theoretical and empirical studies to find out the relationship between income and vehicular growth.
Section II tries to prove this by establishing long-run relationship among GDP, per capita income,
working age population, urbanisation and vehicular growth through econometric analysis using time-
series data; Section III deals with extent of traffic congestion and air pollution by comparing relative
vehicular growth rate to road length and per capita vehicles and the last section concludes the analysis.

SECTION I
1.1. Economic Growth and Transport Sector: Theoretical and Empirical

Explanation:
Economic development is strongly associated with increasing demand for transportation, more
evidently, private vehicles on road, creating not only traffic congestion but also air pollution (Dargay,
2007). The theoretical background mainly establishes the fact that, the major reason for the increase in
vehicular population is due to economic development indicated by growth in income, employment and
urbanisation. There are many studies which have found empirically a strong relationship between
income and growth of vehicles in different parts of world. But, a clear theoretical framework about the
relationship remains unexplored. It is indeed true that, a comprehensive theory for the present analysis
may not be available in the literature, but major concepts from several theories can strengthen the
causal relationship that we are trying to derive.

The paper tries to formulate such framework at the micro level by drawing its route of
relationship between income and vehicular growth from traditional microeconomic framework of
consumer behaviour. It is well established in the theory that, income has a pivotal role to play in

individual’s decisions regarding purchases. As far purchase of vehicles are concerned, the decisions are



based on the utility characteristics of the good in relation to income and other socio-economic factors
like age, employment and urbanisation trend (Lancaster, 1966).

While speaking about the relationship between income and purchase of vehicles, micro-
economic concept of income elasticity may aid for our understanding. It is commonly understood that
expenditure on vehicular purchase have positive elasticity of demand (Income elasticity) and most of
the time it is considered to be luxury consumption. This is also acknowledged by Dargay et a/ (2007)
who states that, vehicle ownership is slow in lowest level of per capita income and about twice as fast
as at middle income levels. This kind of pattern indicate as income increases, demand for luxury goods
increase more than the other goods, which point at income elasticity greater than one (or positive).

It was also observed by Greene, et a/(1995) that as per capita income increases, people tend
to travel more by private vehicle. That means automobile use often increases with the economic
development (Litman, 2002). Dargay et a/ (2007) establishes the fact that the relationship between
vehicle ownership and per capita income has been highly non-linear in many countries. Ewing et a/
(2001) also examines that there is direct and positive effect of per capita income on per capita vehicle
miles travelled over several decades. Medlock and Soligo (2001) opine, the demand for vehicle stocks as
a function of consumer’s wealth.

Speaking of other variable, urbanisation, it is clearly indicated in the urban spatial economics
that population growth, urbanisation along with economic development have been identified as factors
influencing car ownership (Riley, 2002). Theories related to urbanisation, spatial interaction models
(Krugman, 1991), theories of industrial location (Marshall, 1891) have tried to advocate that
concentration of economic activity in a location brings economies of scale. Such economies of scale
attract more industries to the location, making the place more attractive to employment. Such
employment leads to increased income level of the location, which again cause the growth of vehicular
population. Bayliss (1981) opine that growth in vehicular ownership is continuing hand-in-hand with
rapid urbanisation. Button (1993) state that, an increase in vehicular ownership especially due to
urbanisation coupled with employment opportunities have put high pressure on road traffic. Hence, it
can be theoretically justified that, income, urbanisation and employment opportunities are closely linked
with each other having a direct and positive impact on vehicular population.

On this theoretical background, the paper tries to find certain major empirical works. It is
undeniable that, a comprehensive and high-performing transport is an important enabler of sustained
economic prosperity (Eddington, 2006). Litman (2002) empirically proves that per capita automobile
ownership peaked at about $21,000 annual income in US in 1998. This study also reveals that
automobile ownership and income have Engel curve pattern. Similar kind of study was conducted by
Button (1993) and Medlock et a/ (2002) who provided evidences that there is a S-shaped curve
(Sigmoid curve) found between the income growth and vehicular population. This signifies that as
income increases, the population of vehicles also increases at a high rate and at later stage, the
vehicular ownership increases at a decreasing rate owing for Engle’s Law.

At macro level, UK’s Transport and Road Research Laboratory (1979) looked at car and
commercial vehicles ownership for 85 developing countries using national data for 1970 and found a
significant increase in the ownership pattern especially in certain European countries. A study by Dargay



et al (2007) analysed the per capita income and vehicle ownership data of 45 OECD & non-OECD
countries and found that, both the variables are having Gompertz function curve which indicate a
significant positive relationship between variables. Another work by Garcia et a/(2008), who based their
study in 15 areas of European Union and Eakins (2013), who used the data of Irish household survey
between 1995 and 2008, found a strong and positive relationship between per capita income and trip
generation.

From Indian perspective, there are few studies by Kumar and Krishna Rao (2006) who used
stated and revealed preference survey for Mumbai household and proved that, car ownership rises with
household income and determined by other factors like family size, home ownership and car prices. On
similar line, Srinivasan et a/ (2007) found that the personal vehicle ownership rises with income, using
Chennai household travel survey data. Apart from these, there is extensive Indian studies which mainly
focused on determining the determinants of vehicle ownership (Shirgaokar et aj, 2012; Padmini and
Dhingra, 2013; Banerjee, 2010; Gopisetty and Srinivasan, 2013; Dash et a/, 2013; Chamon et a/, 2008)
but few studies were available on establishing an empirical and econometric relationship between
income and vehicular ownership. In this regard, the paper makes an effort to bring out such
relationship and fill the research gap.

It is important to state certain empirical literature on the models used to study the relationship
of these variables. Studies on modelling the relationship between income and vehicular use was
pronounce in the literature. Several authors have attempted to understand the relationship between
vehicles and income using various non-linear models. Dargay & Gately (1998) used Gompertz function,
while Mogridge (1989) tried to adopt logistic growth curves to understand the relationship. Button et a/
(1993) used a quasi-logistic form to bring out the analysis. Studies based on time-series data and
methodology was hardly found in the literature and hence, this paper makes an attempt to see the
relationship among variable.

From the empirical literature, it can be inferred that, growth in income levels have a strong
association with vehicular growth rates. This association needs to be analysed from the context of India
which will help in understanding the problems due to traffic congestion and air pollution and finding a

possible policy suggestion.

1.2. India’s Economic Growth and Transport Sector

Research studies explain that the primary reason for rapid growth of vehicular population is directly
attributed for economic development which in turn caused rapid urbanisation and better employment
opportunities (Riley, 2002). To validate this explanation for India, the relationship between Per capita
vehicles (vehicles per thousand populations) and per capita income of India for the period of 1961-2015

has been observed in Figure 1.



Figure 1: Per capita vehicles and per capita income (constant prices) in India for the Period 1961-2015
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Source: Author’s analysis based on MORTH & RBI data

The information in Figure 1 gives a very strong intuition that, the income and vehicular
ownership are strongly correlated. The per capita average income which was Rs. 9940 in 1961-65
increased around seven times to Rs. 62,427 in 2011-15 showing an average of 5.69 percent of growth
per annum. However, vehicles per thousand population, which was just two per 1000 persons in 1961-
65 has increased by 69 times by 2011-15 showing an average of 11 percent growth per annum. A huge
increase can be seen in the recent decade, which has been a matter of concern leading to severity of
traffic congestion.

The paper also tried to bring out the relationship between the urbanisation and working age
population growth. It is interesting to note that the total vehicular population in million plus cities
accounted for nearly 30 percent of total vehicular population of the country. Figure 2, reveals the total
number of vehicles in relation to the total urban population in the country. The per capita vehicles to
urban population was nine vehicles per 1000 in 1960-65 and the same has increased to 402 vehicles per
1000 population in 2011-15, this has resulted in 44 percent increase in total vehicles due to
urbanisation. Same kind of result is observed when we use the working age population data. Per capita
vehicles for working age population was just three in 1961-65, which has increased to 197 vehicles per

1000 population in 2011-15, showing around 65 percent increase in total vehicles.



Figure 2: Total Vehicles and Urban population in India
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From the analysis of different variables, it unfolds that there is a direct impact on the vehicular
population of the country. Such graphical correlation, however, needs to be tested empirically using

relevant econometric tools and the results of the same are discussed in Section II.

SECTION 11
Time series Econometric Analysis of the relationship

2.1. Data and methodology

As the analysis is mainly on Indian economy at an aggregate level, time series econometric analysis will
be used for empirical examination of the relationship among variables considering annual data series
from 1961 to 2015. The variables for the analysis have been chosen based on theoretical and empirical
background. Studies on modelling the relationship between vehicle ownership and income was
theoretically more pronounce. Many studies have used Gompertz function, logistic and ARMA models
(Wu et a/, 2014), which mainly used panel or cross-sectional data. Since our model is using time-series
data, it made an effort to adopt Autoregressive Distributed lag model (ARDL) for testing long-run
relationship among different variables. For more explicit understanding, the paper tried to frame three
models to capture the relationship in the long-run.

Variables included in the models are as follows:

-Dependent variable:
1. Total registered vehicles: The main purpose of the paper is to assess the impact of income,

urbanisation and growth in working age population on growth of vehicles.



-Independent variables:
2. Per capita income (PCI) taken in 2011-12 series (Constant prices).
3. Gross Domestic Product (GDP) at factor cost is taken in 2011-12 series (Constant prices).
4. Total working age population: population above 18 years of age was considered to capture to
see how working age influences vehicular growth.
5. Total urban population: This variable was taken to capture the urbanisation impact on
vehicular ownership in the country.

The analysis will be done in three models to understand the relationship between the dependent
and other different independent variables considering income i.e., GDP or PCI as common independent
variable in three models.

Model 1: Vehicles=f (GDP, working age population)?
Model 2: Vehicles=f (PCI, urban population)
Model 3: Vehicles=f (PCI, working age population)

Since the model we are using is under time-series, before conducting co-integration test, it is
important to know whether the variables are stationary or not. For that the variables are taken in log

form to linearise the trend and tested for unit root test. The results are as follows:

Table 1: ADF Test Result

Variable 1(0) 1(1)
Lnvhcl -1.02 -12.83*
Lngdp 3.90 -6.62*
Lnpci -4.54 -6.05*
Lnwrkppl -4.57* -
Inurb -3.10%* -

*Significant at 1% level; ** Significant at 5% level; *** Significant at 10% level

From the Table 1, it can be said that the variables are non-stationary at level i.e., I (0) but
became stationary at first difference I (1)* except working age population and urban population which
are stationary at level itself. Since the variables contain combination of I (0) and I (1) variables, we are
justified to adopt autoregressive distributed lag (ARDL) model for establishing their long-run
cointegration.

The long-run equation of models are as follows:
Invhcli=Bo+B:Ingdp+Balnwrkppl+uy, L (1)
Invhch=ao+oylnpci+oslnurb+u, L 2)

Invhclh= o+ ilnpci+ ,lnwrkppl+ugs

3 When tested for GDP and urban population, the results have come negative and insignificant.

* The result is same with Philip-perron test also.



Traditional cointegration technique of Granger (1981), Engle and Granger (1987) or Johansen
and Juselius cointegration cannot be applied here as the variables we are dealing with are in different
order and further these methods have certain limitations. Superiority of ARDL lies in its identification of
cointegrating vector (variables stands as a single long-run relation equation) even with different order
of variables. ARDL model of cointegrating vector is reparametrised into Error Correction Mechanism
(ECM).

The error correction model will be as follows for three models:

Alnvhcl=ajg+aj;[Invhcl.;-Ingdpe.; -Inwrkpply- ]+by; Alnvhcl.+b,Alngdpe.i+b s Alnwrkpply+€1t ..(1a)
Alnvhcl=ayo+ayi[Invhcl.1-InpCi v.i-Inurb .1 ] +by;Alnvhcl i +b,,Alnpci i +bysAlnurb ¢ +€2t ..(2a)
AanhCI=a30+a31[|thClt_l'lanit_l'Inerpplt_l] +b31A|thC|t_i+b32A|npcit_]'i'b33A|nerpp|t_i+€3t . (3a)

Coefficients ajy, a1, a3 indicate the speed of adjustment to equilibrium and corresponding
values in bracket is error correction term. This reparametrised result gives short run dynamics and long-
run relationship of the variables (Nkaro and Uko 2016). The cointegration is tested through Bound test

or Bound F statistics.

2.2. Result Discussion

The short and long-run results of the three models are given in Table 2. From the models, it can be
seen that the variables under consideration have positive impact on total vehicles. To state, from model
1, it can be said that, 1% increase in GDP will increase the vehicular population by 1.03% whereas
working age population increases by 6%. Around same kind of estimations are obtained by including
per capita income in model 2. From model 3, it is said that, urbanisation has certain high impact on
growth of vehicles by 12.84% and per capita income has 2.03%. Though the estimates look promising
and are in-line with the theoretical and empirical understanding, the model needs to be examined with
the diagnostic elements of the models (Appendix 1). From the tests, it is observed the R-square of the
model is high and there is no serial correlation (LM test) and heteroskedasticity (BP test), which signifies
the model is reliable.

Table 2: Short and long-term estimates of three models.
Long term estimates®
Model 1: Invhcl= -103.88+1.03Ingdp+6.02Inwrkppl
(-7.2) (5.24) (5.6)
Model 2: Invhcl= -129.99+1.67Inpci+5.39Inwrkppl
(-11.51) (8.8) (11.73)
Model 3: Invhcl= -0.35+2.03Inpci+12.84Inurb
(-2.42) (2.09) (3.3)




Short run estimates®*

Lnvhcl= -0.59 EC-0.60Invhcl(-1)+0.62Ingdp+2.69Inwrkppl-0.22AInvhcl(-1)-59.07C
(-5.21)  (-3.31) (2.58) (2.99) (-1.59) (-3.10)
Lnvhcl= -0.59EC-0.75Invhcl(-1)+1.27Inpci(-1)+4.50Inwrkppl(-1)-0.12Alnvhcl(-1)-
(-5.18) (-3.6) (2.9) (3.5) (-0.7)
1.10AlInpci +0.60AlInpci(-1)+27.3AInwrkppl-1.77Alnwrkppl(-1)-98.62C
(0.06) (0.38) (1.60) (-0.10) (-3.48)
Lnvhcl= -1.04EC-1.04Invhcl(-1)+2.12Inpci(-1)+13.38Inurb(-1)+0.02AInpci+35.22AInurb
(-7.08) (-6.78) (1.95) (2.87) (0.017) (0.77)
-90.33Alnurb(-1)+33.76AInurb(-2)-258.4C
(-1.52) (0.95) (-2.74)

*t-values are in brackets

The short-run error correction (EC) term in all the three models is negative and significant,
which indicate that there is cointegration among the variables. In model 1 and 2, around 60 percent of
the disequilibrium is corrected in the year, whereas in model 3, it takes a year to correct the
disequilibrium.

ARDL model cointegration needs verification from Bound-F statistics. The computed F-statistics
of three models are lying upper critical bound I (1) values according to Pesaran and Pesaran (1996) &

Pesaran et a/, (2001) which confirms that the variables have long-run relationships.

Table 3: Bound F-statistics®

Model Bound F Statistics
1 6.85
2 6.80
3 11.76

Source: From analysis

From the above analysis, it is empirically proved that, the major contributors of the vehicular
growth are income, working age population and urbanisation. Apart from these variables which have
been analysed, there are other related factors too which contribute to the huge increase in vehicular
population in the country®. Some of them are:

o Availability of finance: The automobile loan has grown substantially from Rs.517 billion to Rs. 1,284
billion during 2008 to 2014, showing an annual average growth rate of 16.6 percent. Among this,
75 percent of cars and 40 percent of 2 wheelers in the country is bought from loan (Arora et aj,
2013). The innovative schemes by the financial institutions have been implemented to attract
consumers to opt for more personal vehicles.

e The relaxation on import duty, allowing second hand purchasing of vehicles, giving tax holidays and
other incentives developed a system of private vehicle ownership.

® For bound values refer Pesaran and Pesaran (1996) & Pesaran et al, (2001)

¢ these factors cannot be used for analysis due to lack of time series data



e The inadequate public transport has fuelled the motor vehicle ownership. In the total vehicle
population, the growth rate of buses is less than one percent leading to a shift towards personal
vehicles.

e lLack of public transport has /increased other modes of transport like autos, cabs etc. which are
creating more pressure on road network. Innovations in transport system like easy accessibility,
technology in accessing cabs have increased the demand for them, which simultaneously has
increased the number of cabs and autos on road.

e Innovation in automobile industry, especially in personal vehicles has decreased the cost of

operating the vehicles which have increased the demand for it.

The issue becomes intense when the forecasted values are observed. According to TERI
estimation (2009), the on-road vehicles in India may reach up to 315 million by 2030 and ADB (2006)
estimates that there will be around 373 million vehicles by 2035. These figures call for the immediate
attention by the policy makers as other contributing factors of the transport sector (like road system,
traffic management system) is not improving to meet the demand which may create other negative
externalities in the country. The next section examines situation in which the growth of income and

vehicles is not supported by infrastructure availability.

SECTION 111
Vehicular Growth and Its Impact
3.1. Vehicular Growth and Road Length

Movement of vehicles on road signifies the economic importance of the place (Taylor, 2000) but, such
movement should be supported by better infrastructure. If road capacity, traffic management system or
any technology related to transportation, is improving proportional to the growth of vehicles, then the
problem of congestion would have never become severe. But, considering the case of India, the road

capacity may not be in tune with the vehicular growth.

Figure 4: Growth Rate of Vehicles and Road Length in India
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The road density’ in India has increased from 3.28 kms in 2001 to 3.94 kms in 2011 which is
increasing at the compound annual growth rate of 3.8 percent (MoRTH, 2011) whereas vehicles are
increasing at the rate of 10 percent per annum during 1961-2011 creating huge infrastructure gap. The
urban road length situation is still worst. From Table 4, it can be stated that, the urban road length
increased 3.35 times from 1981-2011, whereas vehicles increased by 26 times during the same period

Table 4: Decade-wise Urban Road Length (in kms)

Road Length and Vehicles 1971 1981 1991 2001 2011
Urban road length (kms) 72120 123120 180799 252001 411840
Registered vehicles (million) 1.9 5.7 21.4 55 141.9
Road space for vehicles (in kms per vehicle) 0.18 0.1 0.03 0.02 0.01

Source:  MoRTH 2013

The intensity of traffic congestion is very evident in urban areas, due to phenomenal growth of
vehicles and a meagre increase in the road length. From Table 4, it is evident that, the road space
available for the vehicles is decreasing at an increasing rate i.e., from 0.18 kms per vehicle to 0.01 km
from 1971 to 2011, which has created huge pressure on road.

On the other side of the story, there are environmental concerns which are at stake due to
such high growth of vehicular population in urban areas. The following section provides a glimpse about
fuel consumption and air pollution scenario of the country, which are generally linked to growing income

which again leads to increased demand for vehicles.

3.2. Transport and Fuel Consumption

The transport sector depends on different sectors of the economy, one such sector is energy. India
stands 4™ in the ranking of highest consumer of energy of the world and the main sector which is
consuming major share of India’s energy can be pointed to transport sector. Being the major sector, it
accounts for nearly 18 percent of the total energy consumed in India, second only to industry. Among
the different types of vehicles, two-wheelers consume 61.42 percent of the end-use share (retail) of
petrol; cars consume 30 percent (PPAC, 2013). The petrol consumption grew at the rate of 8.97 percent
whereas diesel at 8.06 percent between 2001-2013. This is largely due to growth of personal vehicles in
the country. The details of trend in vehicular growth, petrol and diesel consumption in India is given in

Figure 5.

7 Road density is the average road per 1000 population

11



Figure 5: Petrol and Diesel Consumption by vehicles in India (in million tonnes)
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From Figure 5, it can be summerised that the vehicular growth and demand for energy (petrol
and diesel) are strongly co-related. For reducing this dependency, TERI (2009) has estimated that,
there will be an 18 percent reduction in motor fuel demand, if buses are able to meet 70 percent of the
total passenger travel demand by 2030.

3.3.  Vehiclular Growth and Air Pollution

One of the major source of air pollution, particularly in the form of particulate matter (PM), is vehicular
emissions. According to WHO (2008) estimates 600,000 people die prematurely each year in the world
from diseases directly related to air pollution. The Global Burden of Disease (WHO, 2011) report listed
ambient air pollution as the 6™ important cause of death in South Asia. A study supported by WHO
estimated about 154,000 people died in India in 2005 as a result of ambient fine particulate matter
(PM,5) (NTDPC, 2014). Traffic-related air pollution leads to cardiovascular morbidity, asthma incidence
and other resiratory illness in childern. According to World Bank study (2013), in India, outdoor air
pollution accounts for 29 percent, which causes premature deaths of 109,000 adults each year. The
study reveals an alarming fact that, the health cost of air pollution is about three percent of GDP in
2013 which is due to vehicular activities.

From the above analysis, it can be said that the transport sector is the major contributor to air
pollution in the country. But among different modes in the transport sector, roadway transportation is
the major cause of CO, emission in India. From the transport sector, the average emission of CO, was
estimated to be 14 percent during 1971-2013 (World Bank, 2013). Among total emission by transport
sector (142 MT of CO,) road sector alone contributed 87 percent of emission in 2011 (MoEF, 2011). In
2011, Central Pollution Control Board (CPCB), Ministry of Enviornment and Forest jointly conducted a
study on modelling particulate pollution in the country. The study reveals the following results:
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Figure 6: Sources of Particulate pollution in India in 2011
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The study revealed the fact that the transport and road dust contribute nearly 70 percent of
particulate pollution in India (2011). Hence, problem of vehicular growth not only has impact on the
economic activities of the country, but also has a major impact on the environment.

SECTION IV

Conclusion

The paper made an effort to provide a statistically significant evidence for the relationship between
income and vehicular growth. By considering other relevant variables like urbanisation and employment
under ARDL approach, the paper proves the long-run relationship which exists among the variables.
This relationship, further, proved to create certain negative externalities in the form of heavy pressure
on road from vehicles (traffic congestion), deterioration of air quality and so on. Though the primary
objective of the paper is to see the long-run cointegration, the paper also made an effort to bring out
the environmental concerns like increasing fuel consumption and how road transport sector is a major
contributor to air quality deterioration. Though the government has taken necessary steps in connection
with fuel quality improvement (Bharath IV) which has led to decrease in CO2 emission by transport
sector, contrary to such measure, the air quality is still affected by particulate matter.

An important aspect which is bought out in the paper is, though the economic development
indicators like income, standard of living, employment, urbanisation, vehicular growth picturise the
positive side of the development, such development is happening at a cost of environment and health
issues. The paper clearly bought out the growing demand for fuel and increasing emission of particulate
matter has created environmental hazard for health of the people in the country. This kind of situation
is more rampant in metropolitan cities of the states. Hence, the paper brings to the notice that, increase
in income has positive impact on vehicular ownership, more so in personal vehicles. To curb this
behaviour, the country needs more investment diverted towards providing better and cheap public
transport facility, making it more attractive.
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1 0.972 2.0 (0.26) (0.75)
2.56 1.95
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