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Abstract 
Climate change is intensifying smog, turning into seasonal hazard in India and Pakistan. Vehicle emissions, urban heat islands, 

crop residues burning and industrial discharges plays major role in this mixture, which mostly consists of PM2.5, PM10, nitrogen 

oxides and ground level ozone by raising temperature, changing wind patterns, prolonging dry spells. Rising temperature alters 

the wind patterns while prolonged dry spells caused by climate change can accelerate smog formation by accelerating chemical 

reactions and pollutant retention. The result of this phenomenon is worse with huge impact on human health, economy and 

agriculture. Cardiovascular, respiratory and mental health issues are prevalent on the other hand reduced agricultural production 

results in financial loss. Addressing these crises requires comprehensive approach, including sustainable agriculture, 

afforestation, use of cleaner energy sources, and international collaboraitons. Along with this, improving air quality monitoring 

system, raising public awareness, implementation of effective policies are component of solution. A mutual response of Indo-

Pak is essential to mitigate effects of climate change and smog, ensuring better air quality and sustainability in region. 
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1. Introduction 

Smog Pattern in India and Pakistan are being 

significantly impacted by climate change, which are 

affecting regions’ ecological and environmental 

acpects.1 Smog is actually a seasonal hazard 

particularly severe during winter, making Indo-Pak 

most polluted countries in Asia and world.2 Human 

induced activities like industrial emissions, vehicle 

exhaust, coal-based energy production and burning of 

agriculture residues are the main contributors to smog, 

this toxic mixture is composed of particulate matter 

(PM2.5 and PM10), ground level ozone, Sulfur Oxides, 

Nitrogen Oxides and VOCs emissions poses threats to 

environment and humans.  

Climate change aggravates smog by changing 

atmospheric conditions, increasing the severity, 

frequency and duration. Rising temperature enhances 

the chemical interactions between (NOx) and VOCs 

leading to high concentration of ground level ozone, 

main component of photochemical smog. Urban heat 

islands, like Lahore, Karachi, Delhi and Mumbai, 

amplify the problem. These areas characterized by less 

vegetation cover and dense buildings, trap heat and 

pollutants, intensifying smog3 furthermore, altered 

wind pattern and weak air circulation due to high rise 

buildings allow pollutants to accumulate in these 

areas.4 During winters, thermal inversions confine the 

smog close to the ground, creating dangerous 

pollution episodes.5 

Irregular rainfall pattern also worsens smog 

conditions. As rainfall, aids to remove atmospheric 

pollutants but unexpected and irregular rainfall, 

allows pollutants to retain and degrade the air quality, 

Precipitation pattern, changes with increased 

frequency of wildfires and open burning of 

agricultural remains6 contributes to the release of 

massive amount of PM and greenhouse gasses in 

atmosphere, creates feedback loop where smog and 

climate change reinforce each other7
. 

Effects of smog on Pakistan and India are reflective, 

impacting agriculture, human health and economic 

activities. The prevalence of cardiovascular and 

respiratory diseases, surge during smog events.8 

vulnerable populations are children, elderly and those 

with pre-existing conditions, suffer most. As smog 

reduces sunlight, harm staple food crops like rice and 

wheat due to ground level ozone, obstruct 

photosynthesis. 9, 10
. Additionally, Smog impacts daily 

life by impairing transportation, reducing visibility 

and obstructing iconic landmarks like taj mahal, 

effects tourism. 11 

Even with attempts to combat smog, there’s still many 

problems to address. India has adapted National Clean 

Air Program (NCAP) and Graded response Action 

Plan (GRAP),12 On the other hand, Pakistan has 
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introduced measures like Punjab Green development 

program 13 and bans on agriculture burning. However, 

issues like budget constraints, enforcement concerns, 

and transboundary nature of smog complicates it the 

most.14 The shared Airspace of Indo-Gangetic plain, 

underscores the need of regional cooperation to 

address cross border pollution effectively.15 

This review highlights the critical importance of 

mitigating the interplay between smog, climate 

change in Indo-Pak region. Coordinated air quality 

monitoring, shift to clean energy, sustainable 

agriculture and public awareness are important and 

essential steps. By adopting strategic approach, with 

broader climate adaptation and mitigation measure, 

both the nations can safeguard public health, sustain 

their economies and build resilience against climate 

change. Although the stakes are high, cleaner and 

healthier future can be achievable through rapid, 

cooperative and sustained actions. 16,17 

Climate change impact on smog pattern 

In Addition to the effects already discussed, climate 

change also affects smog pattern by changing the 

seasons and pollution events. For instance, longer and 

warmer autumn season hinders the arrival of natural 

mechanisms like snow and rainfall, that is in air 

purification 18. Moreover, smog chemical composition 

become more intensifying because of climate change, 

primary pollutants, Secondary aerosols produced by 

chemical reaction are hazardous to human health and 

produced when temperature and solar radiations rise19
. 

The another ignored factor is melting of glaciers in 

Himalayan region, indirectly effects smog pattern20 

Glacier retreat modifies local water cycle, available in 

rivers that are essential for farming operations. Because 

of this, farmers might depend more and more residue 

burning to clear their fields, increasing smog emissions. 
21 Changing of soil and vegetation type also have an 

impact on natural dust emission, worsen smog 

development when mixed with manmade pollution. 22 

Lastly, changing in ocean current impacts circulation 

pattern over south Asia, like India Ocean Dipole (IOD), 

which is impacted by climate change. 23 Such changes 

trap haze from high populated areas. Interaction between 

regional climatic shifts and pollution sources are two 

complex ways by which composition and behavior of 

smog changes, this calls for creative and rapid solution, 

adapted to these changing patterns. 

Regıonal Vulnerabilities 

Cities like Lahore and Delhi are especially vulnerable to 

smog on regional level due to confluence of 

environmental, socioeconomic and demographic 

factors.24 These sister cities exceed WHO standards for 

pollutants, like sulfur dioxide, Carbon monoxide 

Particulate matter and nitrogen dioxide, resulting in 

respiratory problems, chronic bronchitis and pulmonary 

illnesses. Childrens are also susceptible because of their 

developing organs and weak immune system, high 

population level in urban areas also exacerbates 

pollution level.  

Lifestyle also plays a role, like spending lot of time 

outside increase population exposure to contaminants.25 

Furthermore, youngsters are also exposed to long term 

effects of smog due to industrial priorities, economic 

limitations and thermal inversions that obstruct pollution 

control efforts. These vulnerabilities are made worse by 

insufficient regulatory frameworks, poor policy 

implementations and insufficient air pollution 

monitoring. 

Health Impacts 

In Indo-Pak smog has negative impacts on people health, 

especially in crowded cities like Lahore and Delhi. 

These polluted conditions lead to formation of smog, 

effects on respiratory, cardiovascular and mental health. 

Chronic respiratory conditions, like bronchitis, asthma 

and COPD are common among citizens26. Particulate 

matters are famous for their deep penetration in lungs 

results in inflammation, asthma and decreased lung 

functions. According to research in Northern India, 

Delhi, Chandigarh, Uttar Pradesh Haryana and 

Rajhistan, shows prevalence rate of Asthma is 6-9% and 

made worse by extreme smog. 27 

Smog also raises the risk of heart diseases. Over 2.5 

million deaths are recorded in India due to air pollution 

each year. There was study in 2024, indicates that the 

large percentages of deaths are caused by heart strokes, 

caused by the long exposure to the pollutants including 

PM2.5 and Carbon monoxide (CO), increases 30-40% 

asthma in smog affected areas like Delhi, Dhaka, and 

Lahore. Premature deaths are recorded in India in 2019, 

cause 1.67 million deaths alone 28 

Lahore, Pakistan is also facing comparable health issues. 

According to research, hospitals in Lahore record more 
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rate of respiratory disorders during smog season. 

According to Pakistan Medical Association study, 

hospitalizations for bronchitis, asthma and pneumonia 

increased during the time of severe smog. Another study 

shows that the children in Lahore are at great risk, 

because of extended exposure to pollutants cause 

delayed lung development and reduced their lung’s 

ability to function properly.29 

Prolonged and severe smog conditions lead to the risk of 

cancer for both nations, due to presence of Benzene and 

polycyclic aromatic hydrocarbons. These chemicals 

increase the risk of especially lung cancer. According to 

case study in India, indicates that poor air quality is 

associated with an increase in cancer diagnose. 30 

Another worrying impact of smog is on mental health, 

like anxiety, depression and fatigue are caused by 

prolonged exposure with smog. A study carried out in 

Kolkata, India discovered a connection between rate of 

depression and higher air pollution level with people. 

Similarly in Pakistan, scientist have connected the levels 

of air pollution in Lahore and Karachi with increased 

level of stress, anxiety and cognitive memory loss in 

older people. Stronger Air quality standards improved 

monitoring system and all health care efforts are needed 

to sort these health problems as evidence by terrible 

effects of smog on public health in both nations. 

Economic consequences 

According to study, flight delays and road blockage due 

to smog can cause economical loss and cause damage to 

human health as well as in northeastern Pakistan and 

surrounding regions of India. Stubble crop burning in 

Haryana and Punjab mixed with fog that led to intense 

smog in this area and have adverse impact on public 

health. 31 

Allergic response, cardiovascular disease and 

exacerbating respiratory disease cause due to adverse 

smog condition. Different factor of smog affects the 

health of human being in different ways like NO2 cause 

the lung irritation by increasing the inflammation of 

airways and may decrease immunity system against 

respiratory infection. So, the health expenditure of every 

person who is affected by smog are our economic loss. 
32According to the recent study of WHO (World Health 

Organization) there is about 7 million premature deaths 

in 2016. 33 

Drivers of climate change induced smog 

According to a study, the world highest level of air 

pollution in Pakistan is due to sub-2.5 particulate 

emissions. A significant contributor to human made air 

pollution is road transport. With the population of 240 

million Pakistan is the world fifth most populated 

country and the transport contribute around 23% of 

Pakistan GHG Emissions.34 

 

 
Figure 1: Effects of smog on human health 

In power plant and vehicles burning of coal, oil and gas 

causes air pollution that is further converted to smog 

under stable conditions. Air pollution in caused by the 

combustion of coal and crops’ stubble in Pakistan and 

India.  

Mitigation and adaptation strategies 

According to a study, the dust and small particles present 

in air that absorbs and scatters sunlight and reduce 

visibility is called smog. So, the transportation, 

industrialization and human activities like agriculture, 

deforestation and construction are the causes of smog 

formation. 

The mitigation strategies are: 

(a) Use of public transport 

(b) Afforestation 

(c) Construction should be far away from towns 

and societies. 35 

Climate change, pollution and resource scarcity are the 

environmental issues faced by Punjab and surrounding 

cities of India. Pakistan Bureau Statistics, Punjab 

Environmental Protection Agency and World Bank data 

indicates that many cities of Punjab fall in “unhealthy 

and sensitive group” with the range of 101-150. So, by 

enforcing traffic regulations across the district of Punjab 

the role of Punjab traffic police has truly made 

remarkable progress. 36 Most importantly the anti-smog 

campaign by Punjab environmental protection agency 

(EPS) has shown significant impacts.37 Through 

expanding green plantation to reduce smog severity by 

initiatives like Billion Tree Tsunami. Reduction of 
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private vehicle reliance and inadequate policy 

enforcement, the need of public transport 

encouragement. Although the adaptation includes public 

awareness campaigns. 38 

Conclusion 

Climate change and some anthropogenic activities like 

stubble burning, industrial discharges, and urban heat 

islands made smog in Indo-Pak region a serious 

environmental and public concern. A feedback loop with 

climate change is created when smog episodes are made 

worse by shifting atmospheric conditions, weak wind 

patterns, thermal inversions and erratic rainfall. 

Particularly in susceptible groups, the health effects are 

significant and include mental health problems as well 

as cardiovascular and respiratory disorders. The problem 

is made worse by financial losses from medical 

expenses, decreased agricultural output, and disruptions 

to daily living. 

Although they are crucial mitigation techniques 

including afforestation, sustainable agriculture, cleaner 

energy sources are difficult to put into practice 

effectively addressing the transboundary character of 

smog requires regional cooperation. Important first 

measures in finding a solution include stepping up air 

quality monitoring, enforcing laws and increasing public 

awareness. 

In conclusion, combating smog in Indo-Pak region 

necessitates a comprehensive strategy that combines 

climate mitigation and air pollution control. The 

catastrophic effects of smog can be lessened and more 

sustainable future can be guaranteed with a rigorous and 

persistent effort.  

References 

1. Hussain M, Butt AR, Uzma F, Ahmed R, Irshad S, Rehman A, 

Yousaf B. A comprehensive review of climate change impacts, 

adaptation, and mitigation on environmental and natural 

calamities in Pakistan. Environmental monitoring and 

assessment. 2020 Jan;192:1-20. DOI: 10.1007/s10661-019-

7956-4  

2. Shah A, Naveed R, Khalid I, Khan A. A review on consequences 

of climate change in Pakistan. International Journal of 

Engineering Research Updates. 2021;1(01):026-42. DOI: 

10.53430/ijeru.2021.1.1.0054 

3. Valavanidis A. Half of the Global Population Lives in 

MegaCities. 

4. Edo GI, Itoje-akpokiniovo LO, Obasohan P, Ikpekoro VO, 

Samuel PO, Jikah AN, Nosu LC, Ekokotu HA, Ugbune U, 

Oghroro EE, Emakpor OL. Impact of environmental pollution 

from human activities on water, air quality and climate change. 

Ecological Frontiers. 2024 Jun 12. DOI: 

10.1016/j.ecofro.2024.02.014 

5. Majeed R, Anjum MS, Imad-ud-din M, Malik S, Anwar MN, 

Anwar B, Khokhar MF. Solving the mysteries of Lahore smog: 

the fifth season in the country. Frontiers in Sustainable Cities. 

2024 Jan 5;5:1314426. DOI: 10.3389/frsc.2023.1314426 

6. Santos R, Russo A, Gouveia CM. Co-occurrence of marine and 

atmospheric heatwaves with drought conditions and fire activity 

in the Mediterranean region. Scientific Reports. 2024 Aug 

20;14(1):19233. DOI: 10.1038/s41598-024-69691-y  

7. Odubo TC, Kosoe EA. Sources of air pollutants: impacts and 

solutions. InAir Pollutants in the Context of One Health: 

Fundamentals, Sources, and Impacts 2024 Sep 10 (pp. 75-121). 

Cham: Springer Nature Switzerland. DOI: 

10.1007/698_2024_1127 

8. Mushtaq A, Mahmood S. Analyzing the Impact of Smog on 

Human Health in District Lahore, Pakistan. Int. J. Innov. Sci. 

Technol. 2024;6(6):565-76. 

9. Lakra K, Avishek K. Influence of meteorological variables and 

air pollutants on fog/smog formation in seven major cities of 

Indo-Gangetic Plain. Environmental Monitoring and 

Assessment. 2024 Jun;196(6):533. DOI: 10.1007/s10661-024-

12662-7 

10. Mathew N, Somanathan A, Tirpude A, Arfin T. The impact of 

short-lived climate pollutants on the human health. 

Environmental Pollution and Management. 2024 Oct 1;1:1-4. 

DOI: 10.1016/j.epm.2024.04.001 

11. Bargah RK. Health and Environmental Effects of Air Pollution: 

An Indian Scenario. Environment and Sustainable Development 

Perspectives and Issues. 2024 Jul 13:1. 

12. ESCAP U. City action plans and technology adoption strategies 

in Gurugram, India. https://hdl.handle.net/20.500.12870/7450  

13. Khalid N, Arshad I, Rafiq-uz-Zaman M. Enhancing 

Environmental Education to Promote Pre-Emptive Smog 

Mitigation Strategies in Urban Areas of South Punjab: An 

Overview. Journal of Asian Development Studies. 2024 Sep 

1;13(3):956-64. DOI: 10.62345/jads.2024.13.3.78 

14. Khan AA, Kumar P, Gulia S, Khare M. A critical review of 

managing air pollution through airshed approach. Sustainable 

Horizons. 2024 Mar 1;9:100090. DOI: 

10.1016/j.horiz.2024.100090 

15. Noori FJ. Dust Storms Monitoring in Iraq using The Low 

Resolution Satellite Images (Doctoral dissertation, University of 

Baghdad). 

16. Ogwu MC, Lori T, Aliu OO, Febnteh EB, Izah SC, Abdelkhalek 

ST. Agricultural Air Pollution: Impacts, Sources, and Mitigation 

Strategies. InAir Pollutants in the Context of One Health: 

Fundamentals, Sources, and Impacts 2024 Sep 13 (pp. 395-423). 

Cham: Springer Nature Switzerland. DOI: 

10.1007/698_2024_1137 

17. Arshad K, Hussain N, Ashraf MH, Saleem MZ. Air pollution 

and climate change as grand challenges to sustainability. 

Science of The Total Environment. 2024 Apr 10:172370. DOI: 

10.1016/j.scitotenv.2024.172370  

18. Churilov LP, Gurevich VS, Sadovnikov PS, Soprun LA, Stroev 

YI. Seasonality of Atherosclerotic Cardiovascular Disease: Role 

of Natural and Anthropogenic Factors. InEnvironmental Factors 

in the Pathogenesis of Cardiovascular Diseases 2024 Aug 2 (pp. 

95-132). Cham: Springer Nature Switzerland. DOI: 

10.1007/978-3-031-62806-1_3 

https://hdl.handle.net/20.500.12870/7450


JHCC Vol. 3 (Issue 1) Journal of Health and Climate Change 

  

19. Butler CD, Hanigan IC. Air Pollution, Fires, Climate Change 

and Health. InClimate Change and Global Health: Primary, 

Secondary and Tertiary Effects 2024 Jul 19 (pp. 242-259). GB: 

CABI. 

20. Syed OT. A tale of the receding Himalayan glaciers: China’s 

and India’s response against Black Carbon. Asia Pacific Journal 

of Environmental Law. 2024 Jun 28;27(1):36-63. DOI: 

10.4337/apjel.2024.01.02 

21. Neelam N, Rathee RK, Mishra SK. Unraveling the nexus 

between crop residue burning and air quality in Haryana state, 

India. Paddy and Water Environment. 2024 Sep 30:1-8. DOI: 

10.1007/s10333-024-01002-7 

22. Sawyer WE, Aigberua AO, Nwodo MU, Akram M. Overview 

of Air Pollutants and Their One Health Effects. InAir Pollutants 

in the Context of One Health: Fundamentals, Sources, and 

Impacts 2024 Sep 20 (pp. 3-30). Cham: Springer Nature 

Switzerland.. DOI: 10.1007/698_2024_1125 

23. Sarkar PP, Sen MK, Kabir G, Hossain NU. Exploring 

evolutionary patterns in the teleconnections between Indian 

summer monsoon rainfall and Indian Ocean dipole over 

decades. Climate Dynamics. 2024 May;62(5):4041-61. DOI: 

10.1007/s00382-024-07116-2 

24. Awez J, Khan T, Ali M. Assessing Air Pollution Crisis in South 

Asia: The Health, Economic, and Environmental Implications 

through Case Studies of Lahore, Delhi, and Dhaka. Pakistan 

Languages and Humanities Review. 2024 Jun 25;8(2):224-35. 

DOI: 10.47205/plhr.2024(8-II-S)22 

25. Ozdemir C, Kucuksezer UC, Ogulur I, Pat Y, Yazici D, Ardicli 

S, Akdis M, Nadeau K, Akdis CA. Lifestyle Changes and 

Industrialization in the Development of Allergic Diseases. 

Current Allergy and Asthma Reports. 2024 Jun 17:1-5. DOI: 

10.1007/s11882-024-01149-7 

26. Saleem A, Awan T, Akhtar MF. A comprehensive review on 

endocrine toxicity of gaseous components and particulate matter 

in smog. Frontiers in Endocrinology. 2024 Jan 30;15:1294205. 

DOI: 10.3389/fendo.2024.1294205 

27. Garg R, Piplani M, Singh Y, Bhateja P, Rana R. An overview 

of integrated risk factors with prevention and prevalence of 

asthma at the global level. Current Traditional Medicine. 2024 

Aug 1;10(4):71-81. DOI: 

10.2174/2215083810666230525153908 

28. Awez J, Khan T, Ali M. Assessing Air Pollution Crisis in South 

Asia: The Health, Economic, and Environmental Implications 

through Case Studies of Lahore, Delhi, and Dhaka. Pakistan 

Languages and Humanities Review. 2024 Jun 25;8(2):224-35. 

DOI: 10.47205/plhr.2024(8-II-S)22 

29. Nasar-u-Minallah M, Jabbar M, Zia S, Perveen N. Assessing 

and anticipating environmental challenges in Lahore, Pakistan: 

future implications of air pollution on sustainable development 

and environmental governance. Environmental Monitoring and 

Assessment. 2024 Sep;196(9):865. DOI: 10.1007/s10661-024-

12925-3 

30. Kumar B, Verma VK, Kumar S. Atmospheric polycyclic 

aromatic hydrocarbons in India: geographical distribution, 

sources and associated health risk—a review. Environmental 

Geochemistry and Health. 2024 Jun;46(6):186. DOI: 

10.1007/s10653-024-01969-6 

31. Bilal M, Hassan M, Tahir DB, Iqbal MS, Shahid I. 

Understanding the role of atmospheric circulations and 

dispersion of air pollution associated with extreme smog events 

over South Asian megacity. Environmental monitoring and 

assessment. 2022 Feb;194:1-7. DOI: 10.1007/s10661-021-

09674-y 

32. Jabeen, F., Ali, Z., & Maharjan, A. (2021). Assessing health 

impacts of winter smog in Lahore for exposed occupational 

groups. Atmosphere, 12(11), 1532. DOI: 

10.3390/atmos12111532 

33. Nasir A, Aslam RA, Ali F, Nasir A. Air Pollution from 

Industrial Emissions and Its Control in Pakistan: Current 

Situation, Challenges, and Way Forward. DOI: 

10.5772/intechopen.1004052 

34. Bajwa AU, Sheikh HA. Contribution of road transport to 

Pakistan’s air pollution in the urban environment. Air. 2023 Nov 

2;1(4):237-57. DOI: 10.3390/air1040018 

35. Abas N, Saleem MS, Kalair UJ, Haider A. Global Warming and 

Air Pollution Driven Energy Transition in South Asia. 

InInternational Green Energy Conference 2023 Jul 10 (pp. 491-

505). Cham: Springer Nature Switzerland. DOI: 10.1007/978-

3-031-48902-0_33 

36. Razzaq A, Zafar MM, Zahra LT, Qadir F, Qiao F, Jiang X. 

Smog: Lahore needs global attention to fix it. Environmental 

Challenges. 2024 Aug 27:100999. DOI: 

10.1016/j.envc.2024.100999 

37. Ali F, Shah SI, Shafqat R, Abbas MA, Shah M. Assessing the 

Effectiveness of Punjab Traffic and Motorway Police's Anti-

Smoke Campaign on Reducing Smog Levels in Punjab 

(Pakistan). Journal of Asian Development Studies. 2024 Sep 

1;13(3):1618-26. DOI: 10.62345/jads.2024.13.3.130 

38. Siddqiue MU, Jamil M, Arshad A. Digital Solutions and 

Technological Innovations Driving Public Awareness and 

Community Initiatives for Smog Reduction in Lahore: A 

Descriptive Overview. Pakistan Social Sciences Review. 2023 

Nov 22;7(4):425-38. DOI: 10.35484/pssr.2023(7-IV)39 


