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Abstract

Lahore has once again topped the list of the most polluted cities in the world. The situation becomes worse during the winter
when the heart of Pakistan faces the “smog season”. The transportation and industrial sectors are significant contributors to air
pollution, which together hold 68% share of the total. It is therefore, highly recommended to minimize vehicular and industrial
emissions in order to improve air quality. In this study, a straightforward approach is proposed to regulate industrial discharge
and traffic throughout the winter. According to estimates, using this technique to the transportation sector, the air pollution can
be reduced by 21.5%. The industrial sector may reduce air pollution by 12.5% by using a similar strategy. The compound model
predicts an overall reduction in air pollution of 34%.
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1. Introduction

Air pollution has been one of Lahore’s main issue in recent years. Lahore is the second-largest city in
Pakistan with a population of 11.1 million people (Nadeem et al., 2021; Riaz and Hamid, 2018) and has
been regularly reported on the list of the most polluted cities globally (Naveed and Khayyam, 2022). In the
past few years, the phenomenon of smog has gotten worse as a result of unrestricted tree cutting,
urbanization and a highly polluted environment caused by a large number of factories, heavy traffic,
exceptional construction work, the burning of crop waste by farmers and brick kilns (Hassan and Hagq,
2022; Razaetal., 2021). From November through January, a thick layer of fog affects residents of Lahore.
Smog outbreaks in the winter are mostly brought on by a lack of air pollution dilution under unfavorable
weather circumstances, such as little wind (from continental directions) and a temperature inversion. In the
vicinity of Lahore, this dense pollution causes visibility to drop by up to 20-25 meters. Due to inflammation
of the lung tissues, coughing, and eye discomfort, it causes major health problems like respiratory tract
ilinesses, colds, and flu. The entire population of the pollution zone is impacted, but children, the elderly,
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and persons who already have breathing or cardiac problems suffer the most (Rehman and Igbal, 2016;
Sughis et al., 2012; Brook et al., 2010).

The Energy Policy Institute at the University of Chicago (EPIC, 2020) created the Air Quality Life Index
(AQLI), which links the level of PM2.5 to life expectancy. PM2.5 is a category of small particles that,
when inhaled, seriously endanger human health (USEPA, 2020). It demonstrates that every additional 10
pHg/m3 of PM2.5 exposure results in a one-year reduction in life expectancy. An average Pakistani loses
2.7 years of life at the present PM2.5 level, while an average Lahori resident loses 5.3 years (EPIC, 2020).
In order to reduce air pollution during the smog season, both immediate and long-term preventive actions
are required. Face masks, eye protection eyewear, avoiding outdoor activities, and attempting to spend as
much time indoors as possible are some short-term solutions. Long-term solutions to the pollution problem
are crucial. The air quality index must be improved through plantation. Controlling the emissions of
pollutants from manufacturing, transportation, crop waste, and brick kilns is necessary (Asif et al., 2022;
Raza et al., 2021; Butt et al., 2018). In this paper, a tactical approach for reducing emissions from
transportation and industry has been put out. This is a quick fix that can be used to lower the air quality
index during the months of intense smog.

A traffic model to control smog

Lahore’s air quality has significantly worsened in recent years. The aver- age daily PM 2.5 concentration
in Lahore is noticeably higher than both the 35 pg/m?® and the 25 pg/m?® standards set by the Environmental
Product Declaration (EPD) and the World Health Organization (WHO), respectively. Lahore experiences
daily average concentrations that can be up to 13 times the EDP’s threshold throughout the winter. Lahore’s
average annual PM concentration was 117 pug/m?, which is much higher than the WHO’s (10ug/m®) and
the EPD’s standards (15 pg/m®) (Habib et al., 2021).
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Figure 1: Lahore’s daily average PM2.5 concentration, May 2019 - April 2020 (Habib et al., 2021)

Figure 1 shows the daily trend of Lahore’s average particular matter 2.5 (PM2.5) concentration from May
2019-April 2020 in micrograms per cubic meter (ug/m3). These data imply that Lahore suffers high PM2.5
concentrations from November 1 to February 1, which is designated as a hazardous window. It is
challenging to estimate how much air pollution sources con- tribute to total emissions in the absence of
research data. The Food and Agriculture Organization (FAQ) published a report in 2020 that stated that the
transport sector accounts for 43% of total air pollution. Industrial emissions account for 25% of emissions,
agricultural emissions, namely from burning crops, account for 20%, and coal-fired power plants account
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for 12% of emissions in Punjab. The sectoral emission share of the sources of air pollution in the Punjab
province is shown in Figure 2. The identical distribution of pollution share indicated in Figure 2 is
anticipated for the city of Lahore in the absence of air pollutant data pertaining to the sectoral inventory of
Lahore.
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Figure 2: Sectoral air pollution share in Punjab - Oct, Nov (CUMULATIVE 2008-2017)

To improve air quality, reducing automotive emissions is absolutely essential. This can be done through
fewer cars on the road, more public transportation, and better automotive maintenance. A strategic model
is suggested to reduce the amount of traffic during the months that are included in the hazardous window.
Suppose that Lahore has one million registered vehicles. We assume that registration numbers are evenly
spread, all of which have even or odd digits. We further suppose that 0.5 million of these registered cars
are driven every day on average. The traffic model for this scenario is detailed in Table 1 below. If the
city’s traffic is planned so that 50% of the vehicles operate on one day and the remaining 50% operate on
the following day, then the vehicles with odd registration numbers will coincide with odd dates and the
vehicles with even registration numbers will operate on even dates.

| Traffic Model for hazardous window |
Date 1 2 3 4 5 6 7

Reg.No| Odd | even| odd | even| odd | even| odd

This strategy is named Model A. By implementing Model A in Lahore, it will be possible to cut the amount
of air pollution produced by the transportation sector by 50%, and it will cut overall pollution by 21.5
percent. The industrial sector in Lahore can be organized using a similar methodology. Assume Lahore has
10,000 industrial units, numbered from 1 to 10,000, each of which is permitted to operate on a different
day. Only odd dates will be used by the industries with odd numbers, and only even dates will be used by
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the industries with even numbers. Model B is the name of this design. Applying Model B will result in a
50% reduction in the total emissions produced by the industrial sector and a 12.5% decrease in overall air
pollution. The combination of models A and B is named Model AB. The compound model in Lahore can
reduce the overall air pollution produced from the industrial and transport sections by 34%. Although PM
2.5 concentration is above the green and red line for other months, we cannot implement this strategy to
manage traffic over a long period.
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Figure 3: A comparison of Lahore’s daily average PM2.5 concentration, Nov 2019 - Feb 2020 using literature values and after

(a) applying Model A. (b) applying Model B. (c) applying compound Model AB. The software “GetData Graph Digitizer”
has been used to extract data from Figure 1.

Figures 3a and 3b show the effects of Models A and B on PM2.5 concentration, respectively, whereas
Figure 3c displays the trend in PM2.5 concentration as predicted by the compound model. Figure 3 shows
that if traffic is scheduled so that the number of cars would be cut in half during the months that lie in the
hazardous window, PM2.5 concentrations will become low. Likewise, the amount of PM2.5 concentration
can be reduced by reducing industrial emissions during the months of the hazardous window.
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2. Conclusion

Smog has a significant impact on Lahore, Pakistan’s second-largest city, throughout the winter. The main
causes of haze in Lahore include urbanization, vehicle emissions, industrialization, and crop burning. On
a national level, smog prevention measures must be both immediate and long-term. In this work, a
straightforward strategic approach for scheduling city transportation and Industrial activity during months
of intense smog is offered. Vehicle and industrial emissions can be reduced by 50% as a result. Although
air pollution can be somewhat regulated by reducing industrial and vehicular emissions, the intended results
are still awaited. Better facilities can be used to promote the use of public transportation. Policies for vehicle
upkeep and inspection should be implemented. To reduce industrial emissions, industrial policies also need
to be put into practice. The public must have access to air quality information because when they are aware
of how much dirty air they are breathing, they are better able to protect themselves and work to minimize
air pollution.
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