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Air contamination is a danger to human health as well as wellbeing (1). Almost all big developing
countries are facing this issue. Lahore, Karachi, Kolkata, Mumbai, Shanghai, Beijing, and several
other cities are at considerable risk of pollution. In Pakistan, pollution issues have constantly been
rising, leading the country to possess several issues that urgently need to be acknowledged. Even
though Pakistan’s power consumption remains low by global standards, CO, NOx, and pollutant
emission levels are significant air pollutants in urban areas, including Karachi, Lahore, Rawalpindi,
Islamabad, Quetta, and Peshawar (2). Pakistan Economic Survey describes cars and factory waste
as the critical cause of air pollution. Throughout the past decade, a significant amount of pollution
was raised in the metropolitan region of Lahore owing to haphazard urban development and
expanded transportation. People who live closer to main roads, manufacturing areas, and complex
settlements are more vulnerable to health problems. Pollutant emission detection, tracking,
geographic processing, and analysis of Lahore contaminants are now in progress. In addition to
rapid industrialization, construction, and economic growth, Lahore, like other metro cities globally,
is seeing more strain, mostly on climate.
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With newer buildings in the town and the extent of city
roads, plants are being chopped down, and agricultural lands
have been cleaned up with the intent of new housing strategies
that strongly affect the air pollution of the city of Lahore.
The regional capital that has destroyed more than 2,200 trees
due to numerous infrastructure construction schemes during
the last 2 years (i.e., 2014 and 2015) is expected to lose 1,700
more trees due to yet another massive project initiated in
2016. After August 2015, the city destroyed thousands of trees
due to numerous development and transport schemes, such
as the Jail Road Signal Free Project, the Lahore Orange Line
Metro Train Project, and the Connected Canal Road from the
University of Punjab via the Kareem area. The Signal Free
project absorbed 196 forests all along the road from Liberty
to Shadman’s Fawara Chowk. For the Link Canal Road from
the University of Punjab, through Kareem Lane, constructed
around 2 years ago (i.e., 2014 and 2015), 120 trees have been
cleared (3).

Unfenced green belts also fall under green spaces throughout
the city and are of great environmental significance. They
aid in stormwater management and serve as buffer areas for
groundwater refilling. Currently, when most green belts are
being converted into asphalt, the depletion of groundwater
is impaired, and there is a rapid decline. It may be of
little consequence to city dwellers living in air-conditioned
vehicles. Still, it is of considerable significance to some less
fortunate community members, such as shoppers, traders,
and riders, who are more vulnerable to high heat and
air pollution.

Previous studies mainly focus on the sources of greenhouse

are exposed
he Environmental

0 conclude that the enriched
vegetation areas of Laly can reduce the concentration of
greenhouse gasses.

Secondly, this study emphasizes on the local community
to examine their opinion regarding the vegetation and
greenhouse gasses. Lastly, instead of previous studies, we
used the combination of secondary and primary data analysis
to draw a realistic conclusion. This study is helpful for urban
management authorities, as it may assist them during policy
making, such as launching new transportation structures
and changing demographic and geographic positioning
of cities.

However, the objectives of this study are given as follows:

e To classify the present vegetation covered in the case study
area using NDVTI technique.

e To analyze the air pollutants data for the Lahore built-up area
from the respective agency and review their concentration
levels according to NEQS.

e To review the effects of vegetation on air quality by
overlapping the maps of air quality and vegetation developed
using interpolation and the NDVI method.

e To recognize the perception of the local community regarding
vegetation and greenhouse gasses.

LITERATURE REVIEW

The atmosphere is a dynamic and complex mixture of gasses
that are essential to support the ecosystem on the earth. The
atmosphere is composed of 78% of nitrogen (N), 21% of
oxygen (O3), 0.94% of argon (Ar), 0.002% of carbon dioxide
(CO3), and a tiny amount of many trace gasses. The increasing
human population on the earth and rg plants or forests
(8, 9). With
tion of toxic

d geographic boundaries (12). Still, urban areas worldwide
are more affected than rural areas by this noxious matter (13).
Visible effects of pollution were observed in London smog in
1952, and at present, all major cities of the developing world
are facing such problems. Air pollution can significantly affect
human and ecosystem health (14). Recent research indicates

TABLE 1 | Ambient Air Quality Standards (WHO, 2011-2013).

Pollutant WHO Standard
Sulfur Dioxide 20 pg/m® (24-h mean)
500 pg/m?
(10-min mean)
Nitrogen Dioxide 40 pg/me

(annual mean) 200
ng/m? (1-h mean)
Carbon Monoxide 10 mg/m®(8-h mean)

30 mg/m3(1-h mean)

Particulate Matter PM2.5 10 pg/m®  (annual
mean)

25 ug/m® (24-h mean)

PMyg 20  pg/m®  (annual
mean)

50 pg/m® (24-h mean)

Ozone 100 pg/m® (8-h mean)
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FIGURE 1 | Base map o érea, Lahore. Source: by researchers.

that global deaths directly or indirectly attributable to outdoor
air pollution reached seven million in 2012 (15). This was
equivalent to one in every eight deaths globally, making
air pollution the most important environmental health risk
worldwide (13).

Ambient Air Quality Standards (AAQS) for

Air Pollutants

Environmental air quality standards (EAQS) are air quality index
standards established and submitted through nationwide legal
and regulatory procedures. Environmental quality regulations
apply to atmospheric product quality primarily developed
through medical, pharmacological, and statistical evidence (15).

The ambient air quality norm is essentially a cap on the
volume of the source of pollution in the soil. The criteria
are intended to safeguard public wellbeing. They have already
been determined to provide a buffer for those most at risk,
such as youth and older people and those with preexisting
health conditions. Looking around the globe, most AAQS
contain a range of primary contaminants, frequently known
as contaminant requirements: asbestos, particulates, sulfur
oxides, nitrogen oxides, carbon monoxide, and lead. Whereas,
governments do have guidelines for the same categories of air
pollution, the requirements themselves are particular. The air
quality index criteria set out in the WHO (13) are given in
Table 1.
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Role of Vegetation in the Mitigation of Air

Pollution

Several aspects assess the overall effects of vegetation on
emissions. For instance, trees can decrease temperatures and,
as a result, reduce emission levels from different sources and
thus can instantly eliminate pollution levels. Enhanced air
temperatures can result in increased energy demand (and related
emissions) during the summer (e.g., cool buildings), higher
air pollution, and heat-related illnesses. Greenery, particularly
trees, affects microclimates and cools the air by evaporating
from plant evaporation, obstructing gusts of wind, and shading
different surfaces. The regional environmental impacts on
ambient temperature also include a portion of tree cover, the
number of impermeable surfaces in the region, day period,
thermal conductivity, affective humidity, and topography (16).
The foliage will cool the atmosphere by many degree Celsius,
with even a higher tree and shrub cover, leading to lower
temperatures (17).

DATA AND TECHNIQUE

Selection of Case Study Area
This research focuses on studying the role of vegetation in
improving air quality by using NDVI and interpolation methods.
So, the built-up area of Lahore as a case study was selected by
considering the following aspects. First, Lahore is the capital
city of Punjab province and the second largest metropolitan city
of Pakistan, facing colossal air pollution problems (18). It i
challenging to cover the whole city, so the built-up area of Lahore
is selected, which spreads around 480 km? and has a population
of ~10 million.

Second, the loss of trees and vegetation @€

petation monitoring.

Landsat 8 imag a panchromatic band

to calculate land distrib@8n, vegetation covers, and changes
over time. The downloaded image was clear, and the clouds did
not cover it. Under the Pakistan Environmental Protection Act,
1997, the Pakistan Environmental Protection Agency established
National Environmental Quality Standards (NEQS) for Ambient
Air, as given in Table 2.

Regression Analysis

After secondary analysis, we have focused on primary analysis,
which is used for robust estimations. For this purpose, we
have emphasized on regression analysis. To examine the impact
of vegetation on air pollution and public health, this study
uses vegetation data from the normalized difference vegetation
index (NDVI), which covers the values from —1 to +1, where
—1 indicates the absence of vegetation and +1 represents

TABLE 2 | National Environmental Quality Standards.

Pollutants Time-weighted Concentration in Ambient Air
average
Effective from Effective from
July 1, 2010 January 1, 2013
Sulfur Dioxide Annual Average 80pg/m® 80png/m?
(SOy) 24h 120pg/m® 120pg/me
Oxides of Nitrogen Annual average 40png/md 40pg/md
as (NO) 24h 40pg/me 40pg/m?
Oxides of Nitrogen  Annual Average 40 pg/md 40 pg/me 80
as (NO») 24h 80 pg/m® ng/ms
03 1h 180 pg/mP 130 pg/md
Suspended Annual Average 400 pg/m?® 360 pg/m® 500
Particulate Matter 24 h 550 pg/me® ng/md
(SPM)
Respirable Annual Average 200 pg/m?® 120 pg/m? 150
Particulate Matter 24 h g/m3
(PM10)
Respirable Annual Average pg/m? 35
Particulate Matter 24 h 1h g/m® 15 pg/m?
(PM25)
Lead (Pb) 1pug/md 1.5
pg/mé
Carbon Monoxi 5 pg/md 10
ng/m?

SN

SourceglNational Environmental

data on air quality consist of CO;, NOy, SOy, and PM 2.5,
ich are used as air quality indicators. In comparison, public
health data are extracted from the WHO and simulated and
transformed into yearly data. We used control variables to avoid
regression problems, urbanization, and industrialization, which
are collected from the World Development Indicators. The
urbanization unit is 100,000 people, whereas industrialization
is value added in industry. The models of study are mentioned
as follows:

Model-1

Air quality = &y + 6 Vegeation + 6, Urbanization

+ 83Industrialization + €.
Model-2

Public health = &y + 81 Vegeation + &, Urbanization

+ 83Industrialization + €.

RESULTS

Vegetation Coverage Is in Lahore

To address the first objective, we used the spatial analysis
technique to investigate the vegetation cover in selected areas of
Lahore. The vegetation cover in the built-up area of Lahore is
classified for the research. The vegetation cover map generated
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VEGETATION COVER IN THE BUILT-UP
AREA OF LAHORE
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FIGURE 2 | Vegetation cover in the built-up area of Lahore.

using the NDVI tool is shown in Figure 2. The map shows the  Islam College, Shahi Qila, G.P.O. Chowk Lahore, Ali Hospital,
vegetation cover in the built-up area of Lahore, classifying the =~ Badshahi Mosque, and Daroghawala Chowk have the lowest
concentration of vegetation in different localities as it can be seen ~ vegetation cover, while the areas such as Raiwind Road, Model
that the areas in the vicinity of Township, Mansoora, Qainchi, ~ Town, Canal Bank Road, Fawara Chowk, and Mall Road have the
General Hospital, Jamia Masjid Anwar-e-Madina, Himayat-e-  highest rate of vegetation.
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TABLE 3 | Concentration of air pollutants in the built-up area of Lahore.

S. No. Location Nitrogen Dioxide (NOx) Sulfur Dioxide Carbon Monoxide (CO) Particulate Matter
(ng/ m®) (S02) (ng/ m®) (mg/md) (PM1o) (ng/m?)
NEQS 80 120 5 150
1 The University of Lahore <0.01 <0.01 2.1 28417
2 Mansoora <0.01 <0.01 3.24 269.83
3 Chauburiji 26.33 25.26 2.81 202.65
4 G.P.O. Chowk 5.15 18.03 1.93 110.3
5 Daroghawala Chowk 6.04 18.32 2.07 120.37
6 Jamia Masjid Anwar-e-Medina <0.01 <0.01 1.65 176.04
7 Himayat-e-Islam College <0.01 <0.01 1.80 150.04
8 Australia Masjid <0.01 <0.01 1.79 148.75
9 Ali Hospital 19.75 25.26 2.26 155.42
10 UET Gate No. 03 11.01 19.20 1.51 131.5
11 Liberty Roundabout 1714 36.93 2.01 136.0
12 Fawara Chowk (near Sadig Trade Centre) 21.57 33.33 1.99, 141.9
13 Shadman Chowk 26.40 53.62 05 135.0
14 Qartaba Chowk 17.43 71.47 2.18 190.9
15 General Hospital 76.45 128.5 9. 302.2
16 Kainchi 65.64 90.72 55 445.8
17 Badshahi Mosque 65.23 1565.43 930
18 Shahi Qila 70.54 1546 7 651
19 Quaid-e-Azam (F2), Township, Lahore 33.97 32. 3.023 149.7
20 Town Hall (F1), Lahore 45.33 20.4 S.N.O S.N.O

Source: Data collected from EPA Punjab.
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FIGURE 3 | Comparison of NOx concentrations in Lahore with NEQS.

Liberty Roundabout

U:' E 3 X~ r— ‘= () © ‘ [
5 2 3z £ § 2 B £ s
9, o o Q 4= z %) <
5§ § 8 & & £ £ §
~ © 3 —
o c © x = gz 3 s
8 = =
c p e © = n - —
= E 8 = © 5 =
¥ B° 5 2 < N =
g 2 g o el L =
'5 v O o € c
o g 3
G < e
3 ;
8 t
=
3
== NEQS for NOx (ng/m3)

Frontiers in Public Health | www.frontiersin.org

April 2022 | Volume 10 | Article 842125


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Air Quality—Public Health

RETRACTED ON 07 August 2025

Comparison of SO, Concentrations in Lahore with NEQS
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the CO concentration at all other test locations is visibly violating
the NEQS, as shown in Figure 5. The NEQS for PM;q are 150
}Lg/m3, and the value of PMy is within the NEQS limits at nine
locations, while the PM concentration at all other test locations
is violating the NEQS. At the site of the Badshahi Mosque, it is
incredibly high, as shown in Figure 6.
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The Concentration of Nitrogen Dioxide

The G.LS.-based air pollution maps are generated by using
the I.D.W. tool. Figure 7 shows the concentration of nitrogen
dioxide in the built-up area of Lahore. It describes that the lowest
level of nitrogen dioxide ranges from 0.05 to 6.93, which is given
in yellow color and the highest level ranges from 67.35 to 76.33
in red color. It can be seen that the areas such as the University
of Lahore, Mansoora, Jamia Masjid Anwar-e-Madina, Himayat-
e-Islam College, G.P.O. Chowk Lahore, Australia Masjid, U.E.T,
and Daroghawala Chowk have the lowest values of nitrogen
dioxide, while the areas such as General Hospital, Qainchi,
Badshahi Mosque, and Shahi Qila have the highest values of
nitrogen dioxide.

The Concentration of Sulfur Dioxide

Figure 8 indicates the concentration of sulfur dioxide in the
built-up area of Lahore. It shows that the lowest level of sulfur
dioxide ranges from 0.05 to 14.84, which is given in yellow
color and the highest level ranges from 136.84 to 157.18 in red
color. It can be seen that the areas such as the University of
Lahore, Mansoora, Jamia Masjid Anwar-e-Madina, Himayat-e-
Islam College, G.P.O. Chowk Lahore, Australia Masjid, U.E.T,
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CONCENTRATION OF NITROGEN DIOXIDE
IN THE BUILT-UP AREA OF LAHORE
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FIGURE 7 | Concentration of nitrogen dioxide.

and Daroghawala Chowk have the lowest values of sulfur
dioxide, while the areas such as General Hospital, Qainchi,
Badshahi Mosque, and Shahi Qila have the highest values of
sulfur dioxide.

The Concentration of Carbon Monoxide

The concentration of carbon monoxide in the built-up area
of Lahore is shown in Figure9. It explains that the lowest
level of carbon monoxide ranges from 1.5 to 2.53, which
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CONCENTRATION OF SULPHUR DIOXIDE
IN THE BUILT-UP AREA OF LAHORE
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FIGURE 8 | Concentration of sulfur dioxide.

is given in yellow color and the highest level ranges from  Masjid Anwar-e-Madina, Himayat-e-Islam College, G.P.O.
13.56 to 16.01 in red color. It can be seen that the Chowk, Qartaba Chowk, Shadman Chowk, Fawara Chowk,
areas such as Thokar bypass, University of Lahore, Jamia  Liberty Roundabout, Australia Masjid, U.E.T, Ali Hospital,
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CONCENTRATION OF CARBON MONOXIDE
IN THE BUILT-UP AREA OF LAHORE
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FIGURE 9 | Concentration of carbon monoxide.

and Daroghawala Chowk have the lowest values of carbon
monoxide, while the areas such as General Hospital, Qainchi,
Badshahi Mosque, and Shahi Qila have the highest values of

carbon monoxide.

The Concentration of Particulate Matter

Figure 10 depicts the concentration of particulate matter in
the built-up area of Lahore. It explains that the lowest
level of particulate matter ranges from 110.93 to 181.26,
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FIGURE 10 | Concentration of particulate matter.

which is given in yellow color and the highest level ranges
from 791.88 to 926.18 in red color. It can be seen that
the areas such as Township Lahore, Jamia Masjid Anwar-e-
Madina, Himayat-e-Islam College, Liberty Roundabout, Fawara
Chowk, Shadman Chowk, G.P.O. Chowk Lahore, Australia

Masjid, UET, G.T Road, Ali Hospital, and Daroghawala
Chowk have the lowest values of particulate matter, while the
areas such as General Hospital, Qainchi, Badshahi Mosque,
Shahi Qila, and Town Hall have the highest values of
particulate matter.
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FIGURE 11 | Impact of vegetation on the concentration of nitrogen dioxide.

Spatial Analysis of the Impact of Vegetation on Air Pollution = Impact of Vegetation on the Concentration of Nitrogen
For finding the impacts of vegetation on air quality, the  Dioxide
maps of vegetation cover and air quality are overlapped

Figure 11 depicts the vegetation cover and concentration of
in G.IS.

nitrogen dioxide, which portrays that the concentration of NOx
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VEGETATION COVER AND CONCENTRATION OF
SULPHUR DIOXIDE IN THE BUILT-UP
AREA OF LAHORE
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FIGURE 12 | Impact of vegetation and the concentration of sulfur dioxide.

is highest (range from 45.33 to 76.45) at Badshahi Mosque, of nitrogen dioxide is highest (i.e., Badshahi Mosque, Shahi
Shahi Qila, General Hospital, and Qainchi, while it is below  Qila, General Hospital, and Qainchi). Similarly, the points of
the highest value at other points. The map shows that the = Town Hall and Township (range from 33.97 to 45.33) lie in
vegetation cover is less in the areas where the concentration  the second range of vegetation (i.e., 0.030-0.09), which means
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FIGURE 13 | Impact of vegetation and the concentration of carbon monoxide.

that less vegetation is present, while the points of Chauburji and
Shadman Chowk with a medium concentration of NOy, lie in
the third range of vegetation (i.e., 0.09-0.13), which shows that

moderate vegetation is present. The remaining points with less
NOy concentration lie in the areas with medium or maximum
vegetation.
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FIGURE 14 | Impact of vegetation and the concentration of particulate matter.

Impact of Vegetation on the Concentration of Sulfur Dioxide
Figure 12 shows the vegetation cover and concentration of sulfur
dioxide, mentioning that the concentration of SO, is highest
(range from 90.72 to 157.67) at Badshahi Mosque, Shahi Qila,
and General Hospital, while, it is below the highest value at other

points. The vegetation cover is less where the concentration of
sulfur dioxide is highest (i.e., Badshahi Mosque, Shahi Qila, and
General Hospital). Similarly, the points of Qainchi and Qartaba
Chowk (range from 53.62 to 90.72) lie in the second range of
vegetation (i.e., 0.030-0.09), which means that less vegetation is
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present, while the pointg}éf Shadman Chowk, Fawara Chowk,
Liberty roundabout, and Township with a medium concentration
of SO, lie in the third range of vegetation (i.e., 0.09-0.13),
which shows that moderate vegetation is present. The areas
with maximum vegetation coverage are secure from a higher
concentration of sulfur dioxide.

Impact of Vegetation on the Concentration of Carbon
Monoxide

Figure 13 shows the vegetation cover and concentration of
carbon monoxide. The concentration of CO is highest (range
from 9.71 to 16.13) at Badshahi Mosque, while it is below
the highest value at other points. The vegetation cover is less
where the concentration of carbon monoxide is highest (ie.,

Badshahi Mosque). Similarly, the points of Shahi Qila, Qainchi,
and General Hospital (range from 3.24 to 9.71) lie in the second
range of vegetation (i.e., 0.030-0.09), which means that less
vegetation is present, while the points of Chauburji, Town Hall,
Mansoora, and Township, with a medium concentration of CO,
lie in the third range of vegetation (i.e., 0.09-0.13). The remaining
areas with less carbon monoxide concentration have medium or
maximum vegetation.

Impact of Vegetation on the Concentration of Particulate
Matter

Figure 14 depicts the vegetation cover and concentration of
particulate matter (PM;g), which shows that the concentration
of PMjq is highest (range from 445.80 to 930.00) at Badshahi
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Mosque, Shahi Qila, a , whereas the vegetation cover
is less in these areas. S y, the points of General hospital,
Qainchi, Mansoora, and ¥niversity of Lahore (range from 202.65
to 445.80) lie in the second and third range of vegetation (i.e.,
0.030-0.09 and 0.09-0.13), which means that less and medium
vegetations are present, while the points of Chauburji, Qartaba
Chowk, and Jamia Masjid Anwar-e-Madina with a medium
concentration of PMjy lie in the third range of vegetation (i.e.,
0.09-0.13), which shows that moderate vegetation is present. The
remaining points with less concentration are in the areas with
medium or maximum vegetation.

The analysis shows that the highest polluted areas, including
Badshahi Mosque, Shahi Qila, General Hospital, Mansoora, and
Town Hall, have the lowest vegetation levels. The areas with less
pollution concentration have visibly more vegetation cover, such
as Mall Road and the University of Lahore.

Perception of the Local Community Regarding
Vegetation and Greenhouse Gasses

As the research deals with the relation between air pollution and
vegetation, a user perception survey was conducted regarding the
vegetation in an area, air quality, leading causes of vegetation loss,
and main causes of higher concentration of greenhouse gasses.
The data analysis is performed in light of field surveys through
which necessary information of the respondents, information
regarding parks, and their opinion about vegetation cover and
air quality of the area are collected. Hence, 100 questionnaire-
based interviews using a simple random sampling technique
were conducted in the study area. The detailed analysis is
illustrated in the following sections. The results in Figure 15
show that of 100 respondents, 48% think that they do have
enough vegetation in their area, while 52% think that they do not
have enough vegetation. The results in Figure 16 show that of 100
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TABLE 4 | Regression estimation.

Air quality Public health
Cco NO SO PM 2.5
Vegetation —0.487*  —0.985 0.357 —0.823" —0.253*
Industrialization 1.854* 0.574* 0.743* —2.922 0.548*
Urbanization 0.275*** 0.091 0.330 0.435* 0.938

, ", and " indicate the level of significance at 1, 5, and 10%, respectively.
CO, NO, and SO represent carbon, nitrogen, and sulfur, respectively, whereas public
health is the death rate due to air pollution.

respondents, 30% think that the overall vegetation in their area
has become better than last year, 42% think that the vegetation
is about the same, while 22% rate the overall vegetation as
little worse.

In contrast, 6% think that the vegetation coverage area is
reducing rapidly. The results in Figure 17 show that of 100
respondents, 20% think that the overall air quality in their area
becomes better compared with last year, 41% think that the air
quality is about the same, while 25% rate the overall air quality as
little worse. In contrast, 14% think that the air quality becomes
much worse. As far as the impact of air pollution on public
health, we have conducted a survey from the local community.
The survey findings are reported in Figure 18, which mentions
that 48% are in favor of the environmental degradation process
having harmful impacts on public health. The result is surprisin
as 52% have denied it. The findings contradict the previous
literature, such as Sarwar and Alsaggaf (4). However, the results

public health.
According to the respondents, the leadi

of new housing schemes,
conversion of vegetated land

awareness about t
of the communi

Regression Estimatid
The regression estimations are reported in Table 4, mentioning
that higher vegetation reduces the carbon and PM 2.5.
Industrialization increases the CO, NO, and SO, which proposes
that higher industrialization is responsible for polluting the
air quality. The empirics of urbanization show positive and
significant coefficients for CO and PM 2.5, which confirms that
the increase in urbanization is also responsible for the air quality
issues. The reason can be multifold: (i) to increase the urban
land, it is required to remove the forest or agricultural land,
reduce the green shades, and decrease the greenhouse gasses
(GHG) inhalation process and (ii) in urban areas, the electricity
consumption increases at a higher pace than in rural areas (4, 7),
which triggers the GHG.

As for public health, we found a negative and significant
coefficient for vegetation, reporting that higher green protection
reduces the death rates caused by air pollution. The higher
vegetation helps reduce the environmental externalities, which
significantly reduces the death rates. Previous research has
reported similar findings, such as Bermudez et al. (20) and
Ibrahiem (21), confirming the relationship between air quality
and public health.

CONCLUSION

This study addresses the research and policy aspects of the
interactions between vegetation and air pollutants in urban areas.
The research objective was to classify the existing vegetation
cover in Lahore using the NDVI technique. The spatial analysis
of vegetation cover results shows tha aship, Mansoora,
ar-e-Madina,
owk Lahore,
a Chowk have

of SO, is within the NEQS
e SO, concentration at all other

adshahi Mosque. The spatial analysis of air pollution shows
that the areas in the vicinity of General Hospital, Qainchi,
Badshahi Mosque, and Shahi Qila have the highest concentration
of nitrogen dioxide, sulfur dioxide, carbon monoxide, and
PM10, while at the site of Town Hall, the PM10 concentration
is high.

The vegetation cover compared with the concentrations of
NOx, SO,, CO, and PM; shows that areas such as Badshahi
Mosque, Shahi Qila, General Hospital, and Qainchi have less
vegetation because air pollutants are high at that sites. The
analysis shows that the highest polluted areas, including Badshahi
Mosque, Shahi Qila, General Hospital, Mansoora, and Town
Hall, have the lowest vegetation levels. The areas with less
pollution concentration have visibly more vegetation cover, such
as Mall Road and the University of Lahore.

Finding out perceptions of people living in the particular
area (selected as a case study) helps assess the challenges and
root causes of the problem so that policies could be developed
for adequate vegetation protection and the comfort of people
living in those areas. The researchers surveyed the case study
area and acquired residents about the core issues because the
neighborhood lacks vegetation. The first which came across was
the commercialization of the land. Due to rapid urbanization in
Lahore city, most of the agricultural land has been converted
into commercial land; apart from the tingling of prime land,
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many problems like loss of biodiversity water scarcity have been
originated. Mega housing projects and development projects are
running side by side, which have polluted the city’s atmosphere.
The residents were much concerned about their city. They
want local authorities and government to take action regarding
immense pollution. It has been examined that the leading causes
of pollution in Lahore now are the excessive use of automobiles
as the city is expanding, and many people try daily on their
vehicles to reach the inner city. Smoke and burning of waste in
the city center have also been noticed, causing massive loss to
our environment. Development projects, commercial activities,
transportation problems, traffic congestion, deforestation, no
buffer zone for industries, lack of green spaces, usage of owned
cars, uneven road infrastructure, and less vegetation cover are
causes of pollution in the city.

The following measures are recommended to improve the
vegetation cover and air quality in Lahore city: implement and
promulgate national and provincial environmental standards
and policies and standards to ensure the uniformity of rules
and regulations; coordination with regional organizations,
cooperation and sharing of good practices, and monitoring
and evaluation of environmental programs affecting multiple
regions; environmental laws practiced in all the country’s
regions, particularly at national and provincial levels; local
environmental agencies below the provincial level that can
more effectively manage certain environmental management
functions; strengthen national regulations and deal with tasks
related to environmental regulations, such as license violation
and fines; design and implement action plans and strategies

to meet national environmental standards at the municipal,
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