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Abstract

In this study, we investigate the impact of Odd-Even rationing of vehicles plying on
the roads of the National Capital city of Delhi, India on air pollution levels by consi-
dering both residential and industrial areas of Punajbi Bagh, R.K. Puram, Anand Vi-
har, Mandir Marg, NSIT Dwarka and Shadipur of the city and have analyzed its im-
pact by employing event study technique and by utilizing daily data of NO,, SO,, O,
PM,, and PM, ;. A £15 day window has been considered for our analysis to assess the
impact on air pollution levels pre-odd even rationing and post-odd even rationing
and has statistically investigated whether this bold move by the State Government of
Delhi has helped in the reduction of air pollution levels in the city or not. With the
State Government considering implementing Odd-Even rationing permanently, the
present study is intended to provide insights to policy makers to take an informed
decision and also facilitate in implementing future policies for controlling air pollu-
tion levels in the city.
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1. Introduction

Delhi, the National capital territory of India, has always been known world-wide for its
rich historical sculptures, monuments and is now infamously known for its Air Pollu-
tion levels. World Health Organization [1] in their study in December 2014 found that
13 of the 20 most polluted cities of the world are from India and Delhi tops this infam-
ous list by having six times more airborne particulate matter that are considered to be

safe compared to normal level which is shocking, alarming and something which needs
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to be addressed immediately. The average PM, ; levels in Delhi for Dec-Jan 2015 was
226 which was recorded by the US embassy compared to Beijing’s 95 for the same pe-
riod implying that New Delhi’s air quality is almost twice as bad as that of Beijing’s air
quality. According to WHO?’s air quality guidelines the safe levels for PM is 20 pg/m’
(annual mean) for PM,, and that of PM, ; is 10 pg/m’ (annual mean).

Air pollution in Delhi can be attributed to myriad of reasons such as: a) Human Ac-
tivities such as emission from vehicles, emission from industries, construction and res-
idential fuel burning, etc.; b) Natural Sources, such as dust, sea salt, etc.; ¢) Meteorolog-
ical Conditions, such as Pre monsoon dust storm, Cold winds from Afghanistan and
Pakistan pulls the emission from the densely urbanized Punjab and Haryana, where the
straw is burned by the farmers in their fields; and d) City activities such as the burning
of solid municipal waste, construction projects, etc. [2]. All of the above reasons com-
bined together produce various gases in the in the air of the city, which are harmful
above a certain limit. The gases which are present in the air of the city of Delhi are: a)
Particulate Matter 10 (PM,,); b) Particulate Matter 25 (PM,); c) Sulfur Dioxide (SO,);
d) Nitrogen Dioxide (NO,); e) Ozone (O;) [3].

The State Government of Delhi under the leadership of Chief Minister Mr. Arvind
Kejriwal came up with a bold and unheard move of Odd-Even rationing of vehicles
plying on the city roads i.e. Odd numbered vehicles plying on the roads on Odd calen-
dar day and even numbered vehicles plying on the roads on even calendar day. In this
study, we investigate the impact of Odd-Even rationing of vehicles plying on the roads
of the National Capital city of Delhi, India on air pollution levels by considering both
residential and industrial areas of Punajbi Bagh, R.K. Puram, Anand Vihar, Mandir
Marg, NSIT Dwarka and Shadipur. With the State Government considering imple-
menting Odd-Even rationing permanently, the present study is intended to provide in-
sights to policy makers to take an informed decision and also facilitate in implementing
future policies for controlling air pollution levels in the city.

The rest of the paper is structured as follows: In Section 2, we discuss the Air Pollu-
tants found in Delhi’s atmosphere and their possible impact on human health and some
of the measures taken by Government to address this issue. In Section 3, we discuss our
data, methodology and present our empirical findings of impact of Odd-Even rationing
of vehicles plying on the roads on air pollution levels in Section 4 and conclude our

study in Section 5.

2. Air Pollutants

First, Particulate Matter which is a complex mixture of both organic and inorganic sub-
stances suspended in air, affects the health of the people more than any other pollutant.
The major components are sulfate, sodium, chloride, nitrates, ammonia, mineral dust,
black carbon, and water. Particulates less than or equal to diameter of 10 microns are
most health damaging which have the capability to penetrate and lodge deep into the
lungs and can even cause cardiovascular and respiratory diseases as well as lung cancer

[4]. Sulfur Dioxide (SO,), a colorless gas with a sharp odor, is produced from the burn-
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ing of sulfur containing fossil fuels like coal & oil, smelting mineral ore containing sul-
fur, power generation and motor vehicles. SO, in combination with water causes sul-
furic acid which is the main constituent of acid rain and the main cause of deforesta-
tion. This gas can affect the respiratory system and functions of lungs, irritation in eyes,
mucus secretion, inflammation of the respiratory tract, aggravation of asthma and
chronic diseases [4].

Nitrogen Dioxide (NO,) is a toxic gas which causes significant inflammation in the
airways, is the main source of nitrate aerosols, which forms an important fraction of
PM,; and in the presence of the ultraviolet light of the ozone. The main sources of the
emission of NO, are heating, power generation and engines in vehicles and ships. There
has been sufficient evidence that long-term exposure of NO, leads to symptoms of
bronchitis in asthmatic children. Ozone at ground level is one of the chief constituents
of photochemical smog and should not be confused with ozone layer in the upper at-
mosphere. Ozone is formed with the reaction of sunlight with nitrogen oxide emitted
from vehicles and industries, emission of volatile organic compounds emitted from ve-
hicles, solvents and industry. Sunny days witness the highest levels of ozone. Breathing
problem, trigger asthma, reduced lung functions are some of the side effects of ozone
level increase [4].

In literature with respect to Indian context we find studies by [5] who focused on as-
sessing the impact of field burning on aerosol mass loading and likely health implica-
tions by considering rural area of India. [6] in their study explored the role of citizen
infrastructure in Mumbai and also the ecological priorities in the city of Mumbai, India.
[7] in their study emphasized the necessity of spreading understanding among the
people to curtail emissions during festivals such as Diwali and spread awareness about
allied hazards. [8] in their study illustrate the connect between dust episodes and asso-
ciated local scale regional aerosol optical properties by considering the region of Jaipur
very close to Thar Desert of India. [9] in their study focused on influence of bursting of
crackers/fireworks during Diwali fireworks on surface ozone (O;), nitrogen oxides (NO,)
and BC aerosol concentration over the city of Hyderabad, India for the time period
between 2009 to 2011. [10] in their study examined the possible reasons for unusually
low tropospheric column ozone which was observed in July 2002 over parts of eastern
India when there was drought in the country.

To control the increasing pollution in the National Capital Territory of Delhi, vari-
ous steps have been taken from time to time by the citizens, Government and the Ho-
norable Supreme Court of India. In the writ petition (Civil) [No. 13029/1985] filed un-
der Article 21 of the Constitution of India regarding air pollution in Delhi, M.C. Mehta
Vs Union of India, Honorable Supreme Court of India passed several orders/directions
to deal with the situation arising from time to time due vehicular pollution [3]. Some of
them include: a) Elimination of leaded fuel from NCT of Delhi; b) Supply of pre-mix
petrol for two stroke engines of two wheelers and auto; ¢) Replacement of all pre-1990
autos and taxis with new vehicles on clean fuels; d) No buses older than 8 years to ply
other than that of CNG and clean fuel and entire bus fleet to be converted to CNG; e)
India’s largest Natural Gas processing and distribution company GAIL to expedite and
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expand from 9 to 80 CNG outlets; f) CPCB/DPCC to setup few more stations and
strengthen the air quality monitoring stations for monitoring critical pollutants [2].
Apart from the above mentioned directives, various other directions were given to var-
ious other authorities to control the increasing air pollution levels in Delhi [11].

With the help of the directions given by the court and the constant support from the
citizens of the state of Delhi it has been possible to implement maximum of the direc-
tions, resulting in the improvement of the situation, but still it being worse. The Gov-
ernment of Delhi has taken various steps to control the growing levels of pollution in
the city, which includes, but not limiting to [12]: Phasing out of the commercial
/transport vehicles which are older than 15 years, Switching over the entire public
transport to CNG fuel mode, Implementation of Bharat Stage-IV/Euro-IV emission
norms, Sulphur content in Diesel has been reduced up-to 50 PPM, 5 mechanized con-
tinuous monitoring stations have been installed by DPCC to monitor the air quality
standard, VAT reimbursement of 12.5% allowed for switch of vehicles to clean fuel like
CNG, entire city of Delhi declared as air pollution control locale under Air Act, Strin-
gent emission norms for industries and thermal plants and Prohibition of the burning
of leaves and plastic. Even after implementing all the above and other measures, the air
quality in Delhi is deteriorating day by day.

To control the increasing pollution and improve the air quality standard in the city
of Delhi, the present Government of Delhi, 7.e., Aam Admi Party, lead by the Chief Mi-
nister Mr. Arvind Kejriwal is taking various steps. Last year lately, the Government de-
cided to implement a test run of the Odd-Even formula for a 15 day, in which odd cars
were allowed on the odd days and even on the even days. This was implemented from
1 January, 2016 to 15" January, 2016. This was a 15 day trial by the government in
which was in effect for 12 hours daily, ie, from 8 AM to 8 PM. Two wheelers and the
commercial vehicles were kept out of the ambit of the odd even formula and were al-
lowed on all the days. To help the people of the city in their daily schedule, the govern-
ment reduced the frequency of the metros by increasing the number of trains by intro-
ducing 70 additional trips, augmenting the daily carrying capacity by over 6 lakh [13].
DTC roped in additional 3000 buses from the scheme, augmenting the carrying capaci-
ty of busses from 48 lakh to 60 lakh. Delhi has nearly 90 lakh registered vehicles, of
which one third is cars and some 1500 new vehicles are added on daily basis [13].

3. Research Methodology
3.1. Data

Delhi air quality data was collected from the Delhi Pollution Control Committee and
Central Pollution Control Board websites which is publicly available (Secondary data)
for the time period between from 17" December, 2015 to 30™ January, 2016 across all

the stations for various parameters such as NO,, SO,, O,, PM,;, and PM, ..

3.2. Event Window

Use In order to gauge the effect of the event on the quality of air, a 45 day event win-
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dow has been setup, with 15 days being before the event period, 15 days after the event
period and the event period of 15 days, during which the odd-even technique of con-

trolling pollution was implemented by the Delhi Government.

3.3. Method

In order to study the impact of odd-even technique in the National Capital City of Del-
hi, we use daily average values for all the parameters, across all the stations. The average
daily values are collected from the data provided by the Central Pollution Control
Board and Ministry of Environment, Forests and Climate Change [14] [15].

To analyze the impact of the technique, mean is calculated for the event window,
which is compared with the pre and post event mean to check whether there were any
changes in the condition of pollution before the implementation and after the imple-
mentation of the technique with that of the event period. Even days mean and odd days
mean has also been calculated which will help us assess whether a) Either the city has
more number of registered vehicles of that particular group; or, b) That particular
group pollutes more; or, c) Comparatively more number of vehicles were present on
the road on those days. The findings of our study is compared with the standard set by
National and WHO standards to analyze the deviation from the actual mean and to as-
sess the impact of this exercise of Odd-even rationing on air pollution levels to facilitate

future policy.

4. Findings and Discussion

Air pollution affects the life of all living creatures directly or indirectly. To control the
growing impact of pollution in the city of Delhi, a major step was taken by the current
Chief Minister of the National Capital Territory of Delhi by implementing an ODD-
EVEN scheme, in which odd vehicles were permitted to ply on road on the odd days
and even on the even days. We analyze the impact of odd-even technique on the quality
of air across different stations in Delhi, viz, Punjabi Bagh, R.K.Puram, Mandir Marg,
Anand Vihar, NSIT Dwarka and Shadipur across various parameters of NO,, SO,, O,,
PM,, and PM, ; with the help of Event-Study technique.

An event window of +15 days and -15 days with the event duration of 15 days with a
total of 45 days observation period window has been set-up to analyze the effect of odd
even rationing on the movement of vehicles in Delhi on the air pollution levels. The
analysis is sub-divided into Pre event, Post event, Event period, Odd day and Even day.
The findings as mentioned in Table 1 to 6 highlight the main pollutant in the overall
observation period, during odd & even days, pre event, post event and during the event
days. The findings are compared with the set National standards given by CPCB of In-
dia and World Health Organization standards to analyze the deviation from the set
safety standards.

Table 1 shows the air pollution levels in the area of Punjabi Bagh which is majorly a
residential area of the city of Delhi. Almost all the parameters of measuring the air pol-

lution of an area were found out to be way above the National and the WHO standards.
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The pollution levels for PM,, and SO, actually decreased during the odd-even tenure
when compared to Pre-Event. For Punjabi Bagh the most harmful gas is PM,, which is
74% above the set safety standard, while O, is the least harmful with value of 253.7%
lesser than the set safety standard. PM,; is the second most harmful gas with a value
83.5% higher than the national standard. SO, has a favorable value of 198.9% lower
than the standards. Maximum deviation can be observed in case of PM, . and PM,, for
the area of Punjabi Bagh with values exceeding 93.14% and 87.01% respectively with
respect to WHO standards. The reason for high pollution figures in the area of Punjabi
Bagh can be attributed to the on-going work of the Metro in the area. Due to construc-
tion, dust particulars along with the cement particulars are present in the air of the area,
contributing to the increased particulate figures.

Table 2 shows the air pollution levels in the area of R. K. Puram, which is a residen-
tial area in the city of Delhi. Almost all the parameters were found out to be way above
the National and the WHO standards. PM, ; and PM,, turned out to be the most harm-
ful gases in the R.K Puram area having values 83.97% and 73% above the set national
standard and a deviation of 93.31% and 86.5% with respect to WHO standards. Table 3
shows the air pollution levels in the area of Anand Vihar, which is an industrial as well

Table 1. Air Pollution levels in the area of Punjabi Bagh, New Delhi.

Particulars PM;, SO, NO, PM, ;5 0,
Total Mean 384.84 26.76 114.40 364.33 50.89
Pre-Event Mean 412.20 35.22 107.40 294.00 54.73
Post-Event Mean 367.60 20.80 111.33 409.29 38.07
During Event Mean 374.73 27.71 124.47 394.71 59.87
Odd Mean (Event) 375.00 26.50 122.13 401.00 68.25
Even Mean (Event) 374.43 29.33 127.14 386.33 50.29
Percentage exceeding National Mean 74.0% —198.9% 30.1% 83.5% -253.7%

In the absence of 24 hrs mean for NO, and O;, Actual mean has been considered in WHO standards. All the negative
figures are favorable.

Table 2. Air Pollution levels in the area of R.K. Puram, New Delhi.

Particulars PM,, SO, NO, PM, 0,
Total Mean 370.31 43.42 102.49 374.40 59.96
Pre-Event Mean 393.73 43.73 98.40 343.60 54.47
Post-Event Mean 356.00 40.60 108.80 387.87 69.67
During Event Mean 361.20 45.93 100.27 391.73 55.73
Odd Mean (Event) 363.25 45.88 102.63 407.00 61.38
Even Mean (Event) 358.86 46.00 97.57 374.29 49.29
Percentage exceeding National Mean 73.00% —-84.24% 21.94% 83.97% -200.2%

In the absence of 24 hrs mean for NO, and O,, Actual mean has been considered in WHO standards. All the negative
figures are favorable.
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Table 3. Air Pollution levels in the area of Anand Vihar, New Delhi.

Particulars PM,, SO, NO, PM, 0,
Total Mean 509.11 24.95 115.09 409.58 14.84
Pre-Event Mean 676.13 23.36 125.53 370.40 17.07
Post-Event Mean 412.40 20.53 92.73 426.73 13.20
During Event Mean 438.80 30.87 127.00 431.60 14.27
Odd Mean (Event) 433.50 30.88 127.00 429.13 14.50
Even Mean (Event) 444.86 30.86 127.00 434.43 14.00
Percentage exceeding National Mean 80.36% —222.81% 32.47% 85.35% -112.6%

In the absence of 24 hrs mean for NO, and O,, Actual mean has been considered in WHO standards. All the negative
figures are favorable.

as residential area in the city of Delhi. We find a huge drop in the PM,, values pre and
post odd-even rationing. We find an increase in SO, values in the odd-even car ration-
ing period which is majorly attributed to vehicles. Anand Vihar being on the Del-
hi-Uttar Pradesh border witnesses a huge number of vehicular movements in the area.
The polluting particulars are not limited to the city of Delhi but even the polluting par-
ticulars from the neighboring state is also there in the air of the city of Delhi, resulting
in higher polluting figures. PM, ; and PM,, turned out to be the most harmful gases in
the Anand Vihar area having values 85.35% and 80.36% above the set national standard
and a deviation of 93.9% and 90.18% with respect to WHO standards.

Table 4 shows the air pollution levels in the area of Mandir Marg, which is a residen-
tial area in the city of Delhi. Values of PM,; and SO, witnessed a rise in the period of
odd-even rationing. The values of SO, was considerably higher on the Even days than
those on the odd days which could be attributed to: a) More number of even number
cars than that of the odd numbered cars; or, b) Excess vehicular movement on the even
days to that of the odd days; or, ¢) Even cars are polluting more than the odd cars. PM, ;
and PM,, turned out to be the most harmful gases in the Mandir Marg area having val-
ues 82% and 68% above the set national standard and a deviation of 89.87% and 81.48%
with respect to WHO standards. Air pollution levels in the area of NSIT Dwarka, which
is a residential area in the city of Delhi shows that the value of PM,; increased from
192.5 in the pre-event period to 302.33 during the event phase. SO,, which is mainly
due to the exhaustion from the vehicles, saw a major drop in the values from 23.93 to
7.73. Even though all the parameters are in the safety limit of the set national standard,
none of the values falls in the safety limit of the WHO standards for NSIT Dwarka area
which is a big concern.

Table 5 shows the air pollution levels in the area of Shadipur, which is an industrial
area in the city of Delhi. We find that PM,; is the main pollutant in all the phases’ of
study. Due to the presence of the industries in the area, particulate matters are emitted
due to combustion of solid and liquid fuels such as for power generation. There was not
much of a change in the values of SO,, NO, and O,. Except for PM, ; all the other pa-
rameters have a value within the national safety limits. All the parameters show a fa-
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Table 4. Air Pollution levels in the area of Mandir Marg, New Delhi.

Particulars PM,, SO, NO, PM, 0,
Total Mean 317.69 24.97 90.33 336.47 38.76
Pre-Event Mean 298.69 28.00 69.11 290.00 4991
Post-Event Mean 322.55 22.09 89.82 354.64 32.83
During Event Mean 335.27 25.58 110.00 370.17 35.07
Odd Mean (Event) 334.67 24.29 105.60 370.86 40.71
Even Mean (Event) 336.00 27.40 114.40 369.20 29.43
Percentage exceeding National Mean 68.52% —220.41% 11.44%  82.17% —364.44%

In the absence of 24 hrs mean for NO, and O,, Actual mean has been considered in WHO standards. All the negative
figures are favorable.

Table 5. Air Pollution levels in the area of Shadipur, New Delhi.

Particulars PM;, SO, NO, PM,; 0,
Total Mean 19.79 77.53 264.74 31.62 19.79
Pre-Event Mean 22.50 82.86 217.00 32.07 22.50
Post-Event Mean 14.60 69.17 289.40 30.93 14.60
During Event Mean 22.64 79.36 286.07 31.87 22.64
Odd Mean (Event) 20.86 84.14 288.57 30.75 20.86
Even Mean (Event) 24.43 74.57 283.57 33.14 24.43
Percentage exceeding National Mean -304.23%  -3.19%  77.34% = -469.22% = —304.23%

In the absence of 24 hrs mean for NO, and O,, Actual mean has been considered in WHO standards. All the negative
figures are favorable.

vorable result except for PM,; which is 90.56% above the safety limits as per WHO
standards.

Overall from our empirical analysis we find that the major pollutant in the national
capital city of Delhi is PM,; followed by PM,,. The value of PM,; is seen as high as
426.7 in Anand vihar, while the highest value recorded for PM,, was 676.1 in the same
area. Across all areas in the city, Anand Vihar witnessed the highest pollution figures

across all the set parameters.

5. Conclusions

In the study, we investigate the impact of Odd-Even car rationing in the city of Delhi
for the first phase (January 2016) in the areas of Punjabi Bagh, R.K. Puram, Anand Vi-
har, Mandir Marg, NSIT Dwarka and Shadipur by applying the event study technique
for quantifying the results into pre event, post event and the even phase period. We find
that the maximum pollution level is seen in the area of Anand Vihar where the major
pollutant was PM,,. The major pollutant in the city was found out to be PM, ; followed
by PM,,. There are a various reasons that contribute to high pollution figures in the city

of Delhi like the vehicles of the city, factories, construction of metro, vehicles coming
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from the near-by city, burning of wheat stubble in Haryana, pollution from neighbor-
ing states, municipal solid waste burning, etc.

UNICEF on 14" November 2016 mentioned that it is a wakeup call for all of us citing
deterioration air quality levels in New Delhi. We recommend the following actions to
be taken in order to control the pollution in the city: a) Banning the diesel vehicles; b)
Offering subsidy on the conversion of diesel/petrol vehicles to CNG; c) Banning the
entry of polluting vehicles in the city from the neighboring state or levying high entry
tax on it; d) Banning the cars plying on the road basis the days, for example: Monday
(No Two Wheelers), Tuesday (No Heavy Vehicles), Wednesday (No Commercial Cars),
Thursday (No Private Cars), Friday (No Three-wheelers) and Saturday (Only CNG Ve-
hicles); e) Banning the burning of wheat stubble in Haryana and Uttar Pradesh by the
respective government. It was banned on May 6, 2015 by the Haryana Government but
the same has been burned this year as well; f) Neighboring states like Haryana and Ut-
tar Pradesh should take adequate actions and set-up proper laws to control the pollu-
tion in their respective states as the same comes to Delhi by mixing in the air; g) Re-
moving the road dust from both the side of the road by making proper road like in the
NDMC area (Ashoka Road, Prithviraj Road, Race Course Road, Tees January Marg,
Akbar Road, Janpath, etc.).
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