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Abstract 

 

Land use land cover (LULC) change, economic activities and urbanization are the leading reasons to change urban environment and 

air quality. Therefore, the aim of the present study is to use the satellite data to identify the affected towns by criteria pollutants 

i.e.PM10, PM2.5 during 2019 and 2021 in Lahore. Results of the study indicate that long term change in LULC is one of the causes 

to deteriorate the air quality. Stubble burning and metrological factors i.e. low rainfall and high humidity also helped to elevate the 

level of PM10 and PM2.5. Environmentally, among nine towns of Lahore, Wagah and Aziz Bhatti towns are identified with high 

concentration of criteria pollutants. Furthermore, high magnitude of PM10 and PM2.5 are evaluated in November as compared to 

October. In the light of above results, suitable site has been identified using satellite technique to install Smog Tower for the air 

filtration. Parallel to this, Liquid Trees may be installed near residential areas with the help of Forest Department and Parks and 

Horticulture Authorities to maintain the air quality of Lahore. 
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1. Introduction   
 Smog [1] is the form of intense air pollution [2] 

composed of a mixture of smoke and fog [3]. Incomplete 

combustion [4] of fossil fuels [5] emit [6] numerous unburnt 

invisible tiny particles into the ambient air which are the main 

constituent of particulate matter [7]. The unburnt carbon 

particles [8] are known as smoke which on combination with 

humid air gives birth to smog [9]. In addition, meteorological 

variables support the smog phenomenon such as low rainfall, 

wind speed and humidity. Mainly, the vehicular and 

industrial emissions [10] as well as burning of leftovers of the 

harvested crops especially rice stubble[11] are the major 

contributing factors in smog formation (Fig. 1). Every year 

during October and November, the rice crop [12] is harvested 

in India and Pakistan and the residues of rice crop are burnt 

at large scale [13]. The fumes of stubble burning produce 

smoke and transport to other parts of the region which not 

only deteriorate air but also produces smog [14].Similarly, 

Lahore is one of the worst-affected cities by smog having 

high particulate matter pollution owing to suspended dust, 

vehicular, industrial and stubble burning emissions [15]. 

Smog pollution [16] is time-dependent [17]and variable in 

different locations due to the influence of atmospheric factors 

[18] and criteria pollutants mainly particulate matter (PM10, 

PM2.5).During winter months [19, 20], particulate matter[21] 

and atmospheric aerosols [22]accumulate[23] in the 

boundary layer [24, 25]and presence of high relative humidity 

[26], low temperature [27] and stable wind speed [28] 

accelerate the process of smog formation [29, 30]. In 

addition, land use and land cover (LULC) change increase the 

quantity of particulate matter [31].  

Transformation of LULC, expansion of residential 

settlements and industrial clusters increase the concentration 

of particulate matter into the air. Therefore, the present study 

is conducted to highlight the long-term transformation of 

LULC over 1992 to 2021with the objective to examine the 

spatial trend of particulate matterand stubble burning in the 

nine administrative towns of Lahore by considering the 

variation in metrological variables such as humidity and 

rainfall in October and November during 2019 and 2021. 

2. Materials and Methods 

2.1. Site description 

Lahore [32] is 26th [33] mega [34] city in the world 

[35, 36] and ranked second largest in Pakistan [37, 38]. It is 

one of the historic cities of Indian subcontinent [39]. The 

cultural city [40] is the capital [41] of Province, Punjab [42] 

and a well-known Mughal city [43] of gardens [44]. It is 

located in the north-east of Punjab [45] and serves as a 

commercial hub of trade and higher education. Geo-spatially 

[46], it lies at 31°15’-31°45’North, 74°01’74°39’ East [47] 

and consists of nine [48] administrative towns [49] and one 

military cantonment [50] (Fig. 2). India [51] is its neighboring 

country [52]located in its east [53]. Climatically [54], Lahore 

[32, 54] lies in semi-arid zone [55] where weather conditions 

[56] vary in summer, autumn winter and spring [57]. Summer 

[37] in Lahore [58] is associated with monsoon season [59] 
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while winter [60] is observed from November [61] to 

February [62]. However, metrological variables of Lahore 

such as [54] rainfall [63], temperature [64], high humidity 

[65], wind speed [30] influence the air quality [66] during 

winter season [67.]Furthermore, Lahore is rich in residential 

areas [68]; consists of major educational institutes (Fig. 3) 

[69],commercial organizations [70] including hospitals and 

parks. The city is also well-known for its largest hub of retail 

business [71]. On the other side, the institutional and 

residential density is affecting the environmental quality by 

creating traffic [72] congestion in Shalamar, Samanabad, 

Data Gunj Baksh, Aziz Bhatti and Gulberg Towns. While, 

low-density urban areas increase trip distances [73] 

worsening air quality.  

The city [74] has 2,150 [75] registered small, 

medium and large industrial units. Its major industrial 

produce are steel [76] auto parts [77], marble sheets [78], 

chemicals [79], pharmaceuticals [80], construction materials 

[1] and engineering tools. In the industrial units, more than 

two hundred [81] largest steel furnaces [82] are located in the 

north-eastern and north-western parts of Lahore [83]. The un-

planned mushroom growth of industrial units in the high-

density residential areas such as Badami Bagh [74] and Data 

Nagar where steel industries have subsequently built within 

low to middle-class areas have altered the local environment. 

However, brick kilns clusters are located in the Shalamar, 

Wagah [1], Nishtar and Iqbal Towns due to the availability of 

abundant raw materials[84].  

2.2. Data and Method 

2.2.1. Satellite data 

This research consists of comparative analysis and 

is based on satellite data [85]. Spatial observation [86] is an 

economic tool to ascertain information to overcome field 

monitoring [87]challenges[88] to collect data. 

 

2.2.2. Ancillary data 

Air quality is determined by metrological 

parameters [89]. Therefore, city level data of temperature 

(centigrade), rainfall (millimeter) was procured from 

Pakistan Metrological Department (PMD) to evaluate the air 

quality (Table 1).   

Table 1: Description of metrological data 

Year Min. 

Temp. 

(°C) 

Max. Temp. 

(°C) 

Rainfall 

(mm) 

Rainy 

Days 

2019 17.5 33.8 27.6 6 

2021 21.5 35.0 47.8 2 

2.2.3. Geographic Information System (GIS) 

For analysis, the data is processed using ArcGIS 

software version 10.5 [1].While, the schematic flow chart 

diagram [90] for data [1] processing [48], analysis and 

mapping is presented in Fig. 4. 

3. Results and Discussion 

3.1. Land Use and land cover 

Spatial maps of 1992 and 2021 (Fig. 5) indicate the 

extent and pattern of LULC classes which are quantified into 

four dominant land use categories viz. water bodies, 

vegetation, soil and built-up area [90]. Satellite imagery of 

1992 and 2021 LULC [91]exhibited that the built-up area of 

Lahore has been expanded as compared to 1992 and 

highlighted that Lahore has lost a significant proportion of its 

tree cover with the passage of time [32]. Similarly, reported 

results of vegetative cover depletion supported findings of the 

current study as presented in the early study of Lahore [90]. 

However, the driving forces behind the LULC change are 

economic development and haphazard unplanned housing 

societies. Therefore, LULC scenario consisting of three 

decades has shown that the city has witnessed vulnerable 

environment caused by the combination of criteria pollutants 

(Fig. 5) escalated by human activities. 

3.2. PM10 trends in October and November (2019 and 

2021) 

PM10 is reported [92] as a criteria pollutant having 

adverse impact on dwelling environment. Based upon the 

spatial results of PM10 in October 2019 and 2021 given in Fig. 

6, it has been observed that highest level of PM10 is found in 

Wagah and Aziz Bhatti Towns. Reasons include the 

population density, industrial growth and commercial 

activities as reported in the previous study [1]. On 

comparison of results of Fig. 6, industrial town i.e.Wagah 

[93] has been noted as the most affected towns by PM10 in 

2019 and 2021. Moreover, informal industrial clusters 

established in the Nishtar Town located in the south-eastern 

part of the city has shown high trend of PM10. Basically, the 

high level of PM10 in Lahore’s towns is associated with the 

economic activities, combustion of substandard fuel and 

vehicular emissions with the inclusion of metrological 

elements i.e. less rainfall and high relative humidity. 

3.3. PM2.5 trends in October and November (2019 and 

2021) 

 Fig. 7 demonstrated the trend of PM2.5 in the north 

and north-eastern part of Lahore (2019 and 2021). Results 

highlighted the increased level of PM2.5 during 

November2021 in Lahore and lowest range was observed in 

2019 when lockdown was imposed in the city. Highest values 

of PM2.5 may be attributed to the multiple contributors of air 

pollution such as stubble or refuse burning, construction and 

industrial activities, vehicular growth, LULC change and 

illegal housing societies. However, highest contribution to 

generate PM2.5 relates to the vehicular and fugitive dust i.e. 

72%whereas industrial role is16% and 12% received from 

steel industries [83]. Metrological variables of 2019 and 

2021 were also the key reasons to elevate the concentration 

of particulate pollution as reported in the earlier study EEA 

[94] which support findings of the present study.  

Significant reduction in PM2.5 may be encouraged by 

reducing air pollutants at source such as by installing 

pollution control devices in vehicles and industries to get 

clean air and chance of a healthier environment. 

3.4. Stubble burning trends during October and November 

(2019 and 2021) 

Agricultural processes [95] such as 'slash and burn' 

[96]are the major contributing agents of criteria pollutants 

creating smog[97] and other is rice straw burning [98]. 

Stubble burning not only emits greenhouse gases but also 

release particulate matter into the ambient air which typically 

peaks during the first week of November [99]. Crop burning 

emissions combined with vehicular, industrial pollutants and 

with high relative humidity generate the blanket of air 

pollution over Lahore.  
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Fig.1. Contributing factors of criteria air pollutants in smog formation 

 

 

Fig. 2. Map of the study area 
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Fig. 3. Spatial Location of educational institutes, hospitals and parks in Lahore 

 

 

 

Fig. 4. Flow chart of the methodology 
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Fig. 5. Land use and land cover of Lahore in 1992 and 2021 

 

Fig. 6. PM10 trend in October and November (2019 and 2021) 
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Fig. 7. PM2.5 trend in October and November (2019 and 2021) 
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Fig. 8. Stubble burning trend in October and November (2019 and 2021) 
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Fig. 9. Humidity trend in October and November (2019 and 2021) 
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Fig. 10. Rainfall trend in October and November (2019 and 2021) 
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Fig.11. Spatial location for smog tower in Lahore 

 

 

In rice cultivation areas, the stubble burning practice 

is based on farmers’ misconception as they believe that 

burning rice stalks is helpful to improve soil fertility. 

However, it is evident that mechanized harvesting [100] is 

creating smog problem every year. Results of Fig. 8 exhibited 

that the highest level of stubble burning was recorded in 

October 2021, which may be attributed to a significant 

increase in the sowing area of rice crops. Whereas the high 

magnitude of stubble burning in north-east, east and south-

east Lahore is causing filthy and foul air. 

 

3.5. Humidity trend during October and November (2019 

and 2021) 

In particular, high relative humidity [65] is the 

reported metrological parameter affecting the air quality by 

halting the criteria pollutants in the lower atmosphere. Fig. 9 

illustrates that eastern parts of Lahore have been recorded 

with high humidity level which helped to trap PM2.5 in the 

atmosphere. On comparison of November 2019 and2021, 

high rise in the relative humidity is noted which help to form 

smog [101]. It is pertinent to mention here that stubble 

burning is one of additional sources to release particulate 

pollution in the air and deteriorate air. Further, Fig. 8 results 

illustrated that Wagah and Nishtar Townswhere stubble 

burning occur in November have been recorded with high 

particulate pollution when combined with high humidity. So, 

there is a dire need to mitigate criteria pollutants to curb 

practice of stubble burning which supported results of the 

previous study [102]. 

3.6. Rainfall trend during October (2019 and 2021) 

Metrological factor [103]such as rainfall [104] helps 

to reduce the concentration of criteria pollutants [105]. Fig. 6 

and 7 depict that no drop in PM10 and PM2.5level has been 

observed due to the low rainfall in Lahore (Table 1). Spatial 

results illustrated that rainfall is received in the north and 

north-east parts of Lahore but no reduction and dilution of 

PM10 and PM2.5isanalyzed in these parts. Similar results 

supported findings of the earlier study [106] by highlighting 

[1] that once air pollutants level is increased, the rate of 

dilution of air pollutants becomes relatively slow irrespective 

of rainfall received. In the light of above facts, new 

innovative approaches are required to adopt as a long-term 

solution to reduce the exposure of particulate pollution in 

Lahore. For this, smog tower is an adopted technology by 

India [107] and China [108] to control over air pollutants. 

Smog tower [109] is a tall vacuum cleaner [107] which sucks 

air pollutants [110] and releases [111] clean air. In this regard, 

a site has been selected to install smog tower shown in Fig. 

11. Liquid Tree is another innovative solution adopted by 

Belgrade, Serbia to mitigate air pollution. 

 

4. Conclusions 

Results of the present study exhibited the 

importance of remote sensing tool in the evaluation of 

spatiotemporal variations of LULC, criteria air pollutants, 

stubble burning and metrological variables in nine towns of 

Lahore during October and November(2019 and 2021). 

Present study has shown that economic development, 

urbanization as transformed the LULC within three decades 

having adverse influence on the local air quality and 

environment. Moreover, densely residential and commercial 

areas of Lahore have experienced high concentration of 

PM2.5. Stubble burning is also one of the major causes in the 

elevation of PM2.5levelin Lahore. Considering above facts, in 

the era of economic development, suitable solution is 

required to get rid of filthy air. Amongst them, relocation of 

air pollution causing industries is one of the options. But this 

option is viable only for new industries and ineffective for 

existing industrial set-up as it will create economic burden to 

build supply chain network by developing new infrastructure. 

So, for existing industrial units, installations of efficient air 

pollutants capturing devices area suitable option to avoid 

smog forming agents.  Parallel to this, it is essential to install 
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Smog Tower adopted by neighboring countries like China 

and India and implication towards Liquid Tree like Serbia to 

improve the quality of environment. 

Grant Support Details: 

The present research did not receive any financial 

support. 

Conflict of Interest:  

The authors declare that there is no conflict of 

interest regarding the publication of this manuscript. In 

addition, the ethical issues, including plagiarism, informed 

consent, misconduct, data fabrication and/ or falsification, 

double publication and/or submission, and redundancy has 

been completely observed by the authors.  

Acknowledgements: 

Authors would like to thank Punjab Metrological 

Department (PMD) to provide rainfall data. The authors 

express deep gratitude for the invaluable technical insight 

provided by Ms Kanwal Javid in guiding the site selection 

criteria for the smog tower. 

 

References 

 

 [1] S. Pervaiz, F. Khan, K. Javid, A. Altaf, F. Aslam, M. 

Tahir and S. Hayat. (2022). Development of Air 

Quality and Brick Kilns During the Onset of Covid-

19: An Analysis. Biological and Clinical Sciences 

Research Journal. 2022(1). 

[2] M. Bilal, M. Hassan, D. B. T. Tahir, M. S. Iqbal and 

I. Shahid. (2022). Understanding the role of   

atmospheric circulations and dispersion of air 

pollution associated with extreme smog events over 

South Asian megacity. Environmental Monitoring 

and Assessment. 194(2): 1-17. 

[3] E. Stanaszek-Tomal. (2021). Anti-smog building 

and civil engineering structures. Processes. 9(8): 

1446. 

[4] Y. Ali, M. Razi, F. De Felice, M. Sabir and A. 

Petrillo. (2019). A VIKOR based approach for 

assessing the social, environmental, and economic 

effects of “smog” on human health. Science of the 

Total Environment. 650: 2897-2905. 

[5] W. Raza, S. Saeed, H. Saulat, H. Gul, M. Sarfraz, C. 

Sonne and K. H. Kim. (2021). A review on the 

deteriorating situation of smog and its preventive 

measures in Pakistan. Journal of Cleaner 

Production. 279: 123676. 

[6]      A. Korzeniewska, K. Szramowiat and J. Gołaś. 

(2019). An overview of some challenges in the 

studies in the emission of particulate matter. In IOP 

conference series.Earth and 

EenvironmentalScience. 214(1): 012119. 

[7]   T.S. Singh, T.N. Verma, P. Nashine and C. 

Shijagurumayum. (2018). BS-III diesel vehicles in 

Imphal, India: an emission perspective. In Air 

pollution and control (pp. 73-86).Springer, 

Singapore. 

[8]      D.A. Sugeng, W.J. Yahya, A.M. Ithnin, B.H. Kusdi, 

M.A.A. Rashid, I. Bahiuddin and H. AbdKadir. 

(2020). Experimental comparison of smoke opacity 

and particulate matter emissions with the use of 

emulsion fuel. Evergreen Joint Journal of Novel 

Carbon Resource Sciences & Green Asia Strategy.  

07(03):452-457. 

[9] A. Grzywa-Celinska, A. Krusinski and J. 

Milanowski. (2020). ‘Smoging kills’-effects of air 

pollution on human respiratory system. Annals of 

Agricultural and Environmental Medicine. 27(1). 

[10]    B. Rani, U. Singh, A.K. Chuhan, D. Sharma and R. 

Maheshwari. (2011). Photochemical smog pollution 

and its mitigation measures. Journal of Advanced 

Scientific Research. 2(04): 28-33. 

[11] N. Borah, R. Barua, D. Nath, K. Hazarika, A. 

Phukon, K. Goswami and D. C. Barua, (2016). Low 

energy rice stubble management through in situ 

decomposition. Procedia Environmental 

Sciences. 35: 771-780.  

[12]     Y. Kant, P. Chauhan, A. Natwariya, S. Kannaujiya 

and D. Mitra. (2022). Long term influence of 

groundwater preservation policy on stubble burning 

and air pollution over North-West India. Scientific 

Reports. 12(1): 2090. 

[13]    R. Sawlani, R. Agnihotri, C. Sharma, P.K. Patra, 

A.P. Dimri, K. Ram and R.L. Verma. (2019). The 

severe Delhi SMOG of 2016: A case of delayed crop 

residue burning, coincident firecracker emissions, 

and atypical meteorology. Atmospheric Pollution 

Research. 10(3): 868-879. 

[14]    R.K. Upadhyay. (2023). Health Hazards of Various 

Micro-Pollutants, Stubble Smoke, Furnace Fumes 

and Dust Particles in Urban Areas. Global Research 

in Environment and Sustainability. 1(1): 57-81. 

[15]    R. Singh, L. Chanduka and A. Dhir. (2015). Impacts 

of stubble burning on ambient air quality of a 

critically polluted area–mandi-Gobindgarh. Journal 

of Pollution Effects and Control. 3(2). 

[16]     H. Chen and B. Xue (2019). Research on the factors 

affecting regional smog in China—Based on spatial 

panel model. Modern Economy. 10(04): 1292. 

[17]    S. Tang, Q. Yan, W. Shi, X. Wang, X. Sun, P. Yu 

and Y. Xiao. (2018). Measuring the impact of air 

pollution on respiratory infection risk in 

China. Environmental Pollution. 232: 477-486. 

[18]     A.J. Cohen, H.R. Anderson, B. Ostro, K.D. Pandey, 

M. Krzyzanowski, N. Künzli and K.R. Smith. 

(2004). Urban air pollution. Comparative 

quantification of health risks: global and regional 

burden of disease attributable to selected major risk 

factors. World Health Organization. 2: 1353-1433. 

[19]     K. Saitoh, K. Sera, K. Hirano and T. Shirai. (2002). 

Chemical characterization of particles in winter-

night smog in Tokyo. Atmospheric 

Environment. 36(3): 435-440. 

[20]    S. Tariq, S. Mehmood, A. Nisa, Z. Ul-Haq and U. 

Mehmood. (2021).Remote sensing of aerosol 

properties during intense smog events over Lahore 

(Pakistan). Kuwait Journal of Science. 48(4):1-6 

[21]    J.  Zhong, X. Zhang, Y. Dong, Y. Wang, C. Liu, J. 

Wang and H. Che. (2018). Feedback effects of 

boundary-layer meteorological factors on 

cumulative explosive growth of PM 2.5 during 

winter heavy<? xmltex\break?> pollution episodes 

in Beijing from 2013 to 2016. Atmospheric 

Chemistry and Physics. 18(1): 247-258. 



IJCBS, 24 (2023):1-15  

Pervaiz and Shirazi, 2023    12 
 

[22] M. Ibrahim. (2019). Air quality analyses for 

photochemical smog associated with atmospheric 

aerosol particles and ozone precursors using CMAQ 

and CAMxmodeling systems. International Journal 

of Scientific Research in Science and 

Technology. 6(5):224: 235. 

[23] A. Molnár, Z. Bécsi, K. Imre, V. Gácser and Z 

Ferenczi. (2016).Characterization of background 

aerosol properties during a wintertime smog 

episode. Aerosol and Air Quality Research. 16(08): 

1793-1804. 

[24] G.M. Marcazzan, S. Vaccaro, G. Valli and R. 

Vecchi. (2001). Characterization of PM10 and PM2. 

5 particulate matter in the ambient air of Milan 

(Italy). Atmospheric Environment. 35(27): 4639-

4650. 

[25] M.T. Chiliński, K.M. Markowicz and M. Kubicki, 

(2018). UAS as a support for atmospheric aerosols 

research: Case study. Pure and Applied 

Geophysics. 175(9): 3325-3342. 

[26] L. Stirnweis, C. Marcolli, J. Dommen, P. Barmet, C. 

Frege, S. M. Platt and I. El-Haddad. (2017). 

Assessing the influence of NO x concentrations and 

relative humidity on secondary organic aerosol 

yields from α-pinene photo-oxidation through smog 

chamber experiments and modelling 

calculations. Atmospheric Chemistry and 

Physics. 17(8): 5035-5061. 

[27] J.  Czerwińska, G. Wielgosiński and O. Szymańska. 

(2019). Is the Polish smog a new type of 

smog?. Ecological Chemistry Engineering 

Sciece. 26(3): 465-474. 

[28] O.O. Osibanjo, B. Rappenglück and A. Retama. 

(2021).Anatomy of the March 2016 severe ozone 

smog episode in Mexico-City. Atmospheric 

Environment. 244: 117945. 

[29] M. Zhang, S. Chen, X. Zhang, S. Guo, Y. Wang, F.  

Zhao and M.Bilal. (2023). Characters of Particulate 

Matter and Their Relationship with Meteorological 

Factors during Winter Nanyang 2021–

2022. Atmosphere. 14(1): 137. 

[30] J.P. Terry, G. Jia, R. Boldi and S. Khan. (2018). The 

Delhi ‘gas chamber’: smog, air pollution and the 

health emergency of November 

2017. Weather. 73(11): 348-352. 

[31] S.D. Superczynski, S.A. Christopher. (2011). 

Exploring land use and land cover effects on air 

quality in Central Alabama using GIS and remote 

sensing. Remote sensing. 3(12): 2552-2567. 

[32] S. Pervaiz, F.Z. Khan and K. Javid. (2021).3D 

Analysis of Graveyard Trees in the Wake of 

COVID-19. Proceedings of the Pakistan Academy 

of Sciences: Part A. 113-127. 

[33] K. Asif, M.N. Chaudhry, U. Ashraf, I. Ali and M. 

Ali. (2020).A GIS-based multi-criteria evaluation of 

landfill site selection in Lahore, Pakistan. Polish 

Journal of Environmental Studies. 29(2): 1511-

1521. 

[34] M. Ali, I. Siddique and S. Abbas. (2022). 

Characterizing Air Pollution and Its Association 

with Emission Sources in Lahore: A Guide to 

Adaptation Action Plans to Control Pollution and 

Smog. Applied Sciences. 12(10): 5102. 

[35] M.A. Hussain, Z. Chen, Y. Zheng, M. Shoaib, J. Ma, 

I. Ahmad and J. Khan. (2022). PS-InSAR Based 

Monitoring of Land Subsidence by Groundwater 

Extraction for Lahore Metropolitan City, 

Pakistan. Remote Sensing. 14(16): 3950. 

[36] S.S. Zuhra, A. B. Tabinda and A. Yasar. (2019). 

Appraisal of the heat vulnerability index in Punjab: 

a case study of spatial pattern for exposure, 

sensitivity, and adaptive capacity in megacity 

Lahore, Pakistan. International journal of 

biometeorology. 63: 1669-1682. 

[37] I.A. Rana and S.S. Bhatti. (2018). Lahore, Pakistan–

Urbanization challenges and 

opportunities. Cities. 72: 348-355. 

[38] S. Mahmood and K. Hamayon. (2021). Geo-spatial 

assessment of community vulnerability to flood 

along the Ravi River, Ravi Town, Lahore, 

Pakistan. Natural Hazards. 106(3): 2825-2844. 

[39] H. Sher, A. Aldosari, A. Ali and H.J. de Boer. 

(2014). Economic benefits of high value medicinal 

plants to Pakistani communities: an analysis of 

current practice and potential. Journal of 

Ethnobiology and Ethnomedicine. 10: 1-16. 

[40] N. Kabir, G. Abbas and K. Hayat. (2017). A historic 

journey of the Lahore City, to attain its identity 

through architecture. European journal of 

interdisciplinary studies. 3(3): 87-97. 

[41] S. Noor, M.N. Ali and S.M. Husnine. (2020). 

Performance of online classes in Lahore, Pakistan 

during Covid‐19. Performance Improvement. 59(9): 

33-42. 

[42] Z. Hussain and O. Nadeem. (2021). The nexus 

between growth strategies of master plans and 

spatial dynamics of a metropolitan city: The case of 

Lahore, Pakistan. Land use policy. 109: 105609. 

[43] S. Mubin, I.A. Gilani and W. Hasan. (2013). Mughal 

gardens in the city of Lahore-A case study of 

Shalimar Garden. Pakistan Journal of 

Science. 65(4): 511. 

[44] J.L. Wescoat. (2022). The Paradise Gardens of 

Lahore: Islamic Ideals and Historical Realities. 

In Religion and Sustainability: Interreligious 

Resources, Interdisciplinary Responses Springer, 

Cham. (pp. 273-288). 

[45] N. Ullah, G.Y. Butt, M. Jaffer and Q. Ain (2022). 

Morpho‐anatomical characterization of some 

members of euglenophycota (algae) of north‐east 

Punjab, Pakistan based on light microscopy (LM) 

and scanning electron microscopy 

(SEM). Microscopy research and technique. 85(2): 

748-754. 

[46] S.J. Fatima, M.A. Javed and S.R. Ahmed. (2020). 

Assessing the Serviceability Status of Existing 

Transport Network by Using Geospatial Techniques 

in Metropolitan City Lahore. Pakistan Journal of 

Scientific & Industrial Research Series A: Physical 

Sciences. 63(3): 201-208. 

[47] A. Javaid, T. Mubeen, I.H. Khan, K. Jabeen and M. 

Akbar. (2022).Herbicidal potential of Alternariacitri 

Ellis and Pierce metabolites against 

Partheniumhysterophorus 

L. AllelopathyJournal. 55(1). 



IJCBS, 24 (2023):1-15  

Pervaiz and Shirazi, 2023    13 
 

[48] S. Pervaiz, K. Javid, F.Z. Khan, Y. Zahid, and 

M.A.N. Akram. (2020). Preliminary assessment of 

air during COVID-19 lockdown: An unintended 

benefit to environment. Environment and Natural 

Resources Journal. 18(4): 363-375. 

[49] A. Aslam, I.A. Rana and S.S. Bhatti. (2022). Local 

climate zones and its potential for building urban 

resilience: a case study of Lahore, 

Pakistan. International Journal of Disaster 

Resilience in the Built Environment.13(2):248-265 

[50] M.A. Al-Rashid, M.N. Rao and Z. Ahmad. 

(2020).Using GIS measures to analyze the spatial 

equity to public parks in Lahore metropolitan. 

Journal of Research in Architecture and 

Planning. 28(8):8-19. 

[51] A. Lodhi, B. Ghauri, M.R. Khan, S. Rahman and S. 

Shafique. (2009). Particulate matter (PM2. 5) 

concentration and source apportionment in 

Lahore. Journal of the Brazilian Chemical 

Society. 20: 1811-1820. 

[52] H. Gabriel and S. Khan. (2010). Climate responsive 

urban groundwater management options in a 

stressed aquifer system. IAHS-AISH 

publication. 338: 166-168. 

[53] S. Raja, K.F. Biswas, L. Husain and P.K. Hopke. 

(2010). Source apportionment of the atmospheric 

aerosol in Lahore, Pakistan. Water, air, and soil 

pollution. 208: 43-57. 

[54] M. Rashid, A. Malik, S. Gulzar and A. Jalil. (2019). 

The Efficacy of Shading Design in Commercial 

Buildings in the Semi-arid Climate of Lahore; 

Focusing on The Geometry of Horizontal 

Shade. Technical Journal. 24(2):1-10. 

[55] A. Ashraf, A. Butt, I. Khalid, R. U. Alam and S. R. 

Ahmad. (2019). Smog analysis and its effect on 

reported ocular surface diseases: A case study of 

2016 smog event of Lahore. Atmospheric 

environment. 198: 257-264. 

[56] J. Sarwar, M.R. Khan, M., Rehan, M.Asim and A.H. 

Kazim. (2020).Performance analysis of a flat plate 

collector to achieve a fixed outlet temperature under 

semi-arid climatic conditions. Solar Energy. 207: 

503-516. 

[57] S. Iqbal. (2018). Scenic and scientific representation 

of water in Mughal Architecture: A case study of 

Shah Jahan’s Quadrangle Lahore Fort, 

Pakistan. The Academic Research Community 

publication. 2(2): 11. 

[58] S. Ali, Z. Abbas and M.M. Butt. (2021). A 

comparison of different weather forecasting models 

for the monthly forecast of Lahore 

city. MAUSAM. 72(4): 749-780. 

[59] M. Ahmad, S. Cheng, Q. Yu, W. Qin, Y. Zhang and 

J. Chen. (2020).Chemical and source 

characterization of PM2. 5 in summertime in 

severely polluted Lahore, Pakistan. Atmospheric 

Research. 234: 104715. 

[60] Y.K. Khan, M. Toqeer and M.H. Shah. 

(2023).Characterization Source Apportionment and 

Health Risk Assessment of Trace Metals in 

Groundwater of Metropolitan Area in Lahore, 

Pakistan. Exposure and Health. 1-17. 

[61] G. Bulbul, I. Shahid, F. Chishtie, M.Z. Shahid, R.A. 

Hundal, F. Zahra and M. I. Shahzad. (2018).PM10 

sampling and AOD trends during 2016 winter fog 

season in the Islamabad region. Aerosol and Air 

Quality Research. 18(1): 188-199. 

[62] Z.U. Abidin, T.M. Butt, A. Khatoon and M.A. 

Qureshi. (2013). Estimation of Aflatoxin B1 in 

Poultry Feed Ingredients Collected from Different 

Poultry Farms and Markets of Lahore, 

Pakistan. Journal of. Chemical Society of 

Pakistan. 35(3): 629. 

[63] K. Alam, N. us Sahar and Y. Iqbal. (2014). Aerosol 

characteristics and radiative forcing during pre-

monsoon and post-monsoon seasons in an urban 

environment. Aerosol and Air Quality 

Research. 14(1): 99-107. 

[64] S. Fahad, F. Su, S. U. Khan, M. R. Naeem and K. 

Wei. (2023).Implementing a novel deep learning 

technique for rainfall forecasting via climatic 

variables: An approach via hierarchical clustering 

analysis. Science of the Total Environment. 854: 

158760. 

[64] S.Wang, J. Nan, C. Shi, Q. Fu, S. Gao, D. Wang and 

B. Zhou. (2015). Atmospheric ammonia and its 

impacts on regional air quality over the megacity of 

Shanghai, China. Scientific Reports. 5(1): 1-13. 

[65] W. Ma, Y. Liu, Y. Zhang, Z. Feng, J. Zhan, C. Hua 

and H. He. (2022). A New Type of Quartz Smog 

Chamber: Design and 

Characterization. Environmental Science & 

Technology. 56(4): 2181-2190. 

[66] J.S.L. Lorenzo, W.W. San Tam and W.J. Seow. 

(2021).Association between air quality, 

meteorological factors and COVID-19 infection 

case numbers. Environmental Research. 197: 

111024. 

 [67] E.K. Akpinar, S. Akpinar and H.F. Öztop. (2009). 

Statistical analysis of meteorological factors and air 

pollution at winter months in Elaziğ, 

Turkey. Journal of Urban and Environmental 

Engineering. 3(1): 7-16. 

[70] M.M. Arif, M. Ahsan, O. Devisch and Y. 

Schoonjans (2022). Integrated Approach to Explore 

Multidimensional Urban Morphology of Informal 

Settlements: The Case Studies of Lahore, 

Pakistan. Sustainability. 14(13): 7788.  

[71] R. Ezdi. (2009). The dynamics of land use in Lahore 

inner city: the case of Mochi Gate. Environment and 

Urbanization. 21(2): 477-500 

[72] M. Wachs. (2002). Fighting traffic congestion with 

information technology. Issues in Science and 

Technology, 19(1): 43-50. 

[73] G. Akar, N. Chen and S.I. Gordon. (2016). Influence 

of neighborhood types on trip distances: Spatial 

error models for Central Ohio. International Journal 

of Sustainable Transportation. 10(3): 284-293. 

[74] Q. Iqbal, A.I. Durrani, S. Rubab, I. Liaqat, M.M. Ul 

Hassan. (2023). Detection and Estimation of 

Pesticides in Seasonal Fruits and 

Vegetables. Hamdard Medicus. 66(1):36-48. 

[75] F. Khanum, M.N. Chaudhry, G. Skouteris, D. Saroj 

and P. Kumar. (2021).Chemical composition and 

source characterization of PM10 in urban areas of 



IJCBS, 24 (2023):1-15  

Pervaiz and Shirazi, 2023    14 
 

Lahore, Pakistan. Indoor and Built 

Environment. 30(7): 924-937. 

[76] S. Karim, K. Xiang and A. Hameed. 

(2021).Investigating social development inequality 

among steel industry workers in Pakistan: A 

contribution to social development 

policies. PloSOne. 16(6): e0253082. 

[77] J. Mughal. (2012). Assessing the impact of 

marketing channels on the Sales of Auto mobile 

parts: A study of Recco Auto Parts. Kuwait Chapter 

of Arabian Journal of Business and Management 

Review. 33(848): 1-40. 

[78] R. Hameed, O. Nadeem, S. M. Mayo, I. Ahmad and 

A. Aziz. (2015).Constraints and prospects of 

relocating marble processing units in Ichhra, 

Lahore, Pakistan. Pakistan Journal of 

Science. 67(2). 

[79] E. Stone, J. Schauer, T.A. Quraishi and A. 

Mahmood. (2010). Chemical characterization and 

source apportionment of fine and coarse particulate 

matter in Lahore, Pakistan. Atmospheric 

Environment. 44(8): 1062-1070. 

[80] S. Hussain, M. Naeem and M.N. Chaudhry. 

(2017).Estimation of residual antibiotics in soil and 

underground water of areas affected by 

pharmaceutical wastewater in Lahore. Journal of 

Water Chemistry and Technology. 39: 56-60. 

[81] H.J. Malik. (2010). Preliminary survey to assess the 

health status of iron and steel industry 

workers. Pakistan Journal of Science. 62(1). 

[82] S.A. Ahmad, S. Hussain, H. Aziz and M. Riaz. 

(2022). Cadmium Investigations in Lahore Soil and 

Other Regions of Pakistan: Cadmium Concentration 

in Lahore, Pakistan. Pakistan Journal of Scientific & 

Industrial Research Series A: Physical 

Sciences. 65(1): 64-73. 

[83] Economic Survey of Pakistan (2015-16) Ministry of 

Finance, Government of Pakistan. http://www. 

finance.gov.pk/survey_1516.html 

[84] M. Shahzad and Z. Ali. (2018) Short 

Communication Cleaning of Dalwal-Punjab Coal by 

Using Shaking Table. Pakistan Journal of Scientific 

& Industrial Research Series A: Physical Sciences. 

61(1): 56-58. 

[85] M. Anderson, G. Diak, F. Gao, K. Knipper, C. Hain, 

E. Eichelmann and Y. Yang. (2019). Impact of 

insolation data source on remote sensing retrievals 

of evapotranspiration over the California 

Delta. Remote Sensing. 11(3): 216. 

[86] Y. Kanaya, H. Irie, H. Takashima, H. Iwabuchi, H. 

Akimoto, K. Sudo and M. Panchenko. (2014). Long-

term MAX-DOAS network observations of NO 2 in 

Russia and Asia (MADRAS) during the period 

2007–2012: instrumentation, elucidation of 

climatology, and comparisons with OMI satellite 

observations and global model 

simulations. Atmospheric Chemistry and 

Physics. 14(15): 7909-7927. 

[87] R. Yip and U. Ramakrishnan. (2002). Experiences 

and challenges in developing countries. The Journal 

of nutrition. 132(4): 827S-830S. 

[88] J. Crocker and J. Bartram. (2014).Comparison and 

cost analysis of drinking water quality monitoring 

requirements versus practice in seven developing 

countries. International Journal of Environmental 

Research and Public Health. 11(7): 7333-7346. 

[89] P. Liang, T. Zhu, Y. Fang, Y. Li, Y. Han, Y. Wu and 

J. Wang. (2017). The role of meteorological 

conditions and pollution control strategies in 

reducing air pollution in Beijing during APEC 2014 

and Victory Parade 2015. Atmospheric Chemistry 

and Physics. 17(22): 13921-13940. 

[90] K. Javid, M.A.N. Akram, S. Pervaiz, R. Siddiqui and 

N. Mazhar, (2021). Index-based Approach in 

Relation to Built-up and LST Dynamics; A Study of 

Lahore, Pakistan. International Journal of Economic 

and Environmental Geology. 12(1): 32-40. 

[91] S. Fahad, W. Li, A. H. Lashari, A. Islam, L. H. 

Khattak and U. Rasool. (2021). Evaluation of land 

use and land cover Spatio-temporal change during 

rapid Urban sprawl from Lahore, Pakistan. Urban 

Climate. 39: 100931. 

[92] A. Otmani, A. Benchrif, M. Tahri, M. Bounakhla, 

M. El Bouch and M.H. Krombi. (2020). Impact of 

Covid-19 lockdown on PM10, SO2 and NO2 

concentrations in Salé City (Morocco). Science of 

the Total Environment.139541. 

[93] M.A. Riaz, A.B.T. Akhtar, A. Riaz, G. Mujtaba, M. 

Ali and B. Ijaz. (2017). Heavy metals identification 

and exposure at workplace environment its extent of 

accumulation in blood of iron and steel recycling 

foundry workers of Lahore, Pakistan. Pakistan 

Journal of Pharmaceutical Sciences. 30(4): 1233-

1238. 

[94] EEA. Air Quality and COVID-19. [Internet]. 2020. 

[cited 2020 April 11]. Available from: 

https://www.eea.europa.eu/themes/air/air-
quality-and-covid19/air-quality-and-covid19.  

[95] R. L. Carneiro (2017). Slash-and-burn agriculture: a 

closer look at its implications for settlement 

patterns. In Men and cultures.University of 

Pennsylvania Press.294-234 

[96] K.H.D. Tang and P.S. Yap. (2020).A Systematic 

Review of Slash-and-Burn Agriculture as an 

Obstacle to Future-Proofing Climate Change. 

In Proceedings of the International Conference on 

Climate Change 4(1). 

[97] F. Pierobon, C, Sifford, H, Velappan and I. Ganguly. 

(2022). Air quality impact of slash pile burns: 

Simulated geo-spatial impact assessment for 

Washington State. Science of the Total 

Environment. 818: 151699. 

[98] Y. Ali, M. Razi, F. De Felice, M. Sabir and A. 

Petrillo. (2019). A VIKOR based approach for 

assessing the social, environmental, and economic 

effects of “smog” on human health. Science of the 

Total Environment. 650: 2897-2905. 

[99] Y. Kant, P. Chauhan, A. Natwariya, S. Kannaujiya 

and D. Mitra. (2022). Long term influence of 

groundwater preservation policy on stubble burning 

and air pollution over North-West India. Scientific 

Reports. 12(1): 1-11. 

[100] A. Debnath and N.S. Chauhan. (2020).Field 

performance and economic feasibility of self-

propelled vertical conveyor reaper (VCR) for 

harvesting of rice in west Sikkim and a 

https://www.eea.europa.eu/themes/air/air-quality-and-covid19/air-quality-and-covid19
https://www.eea.europa.eu/themes/air/air-quality-and-covid19/air-quality-and-covid19


IJCBS, 24 (2023):1-15  

Pervaiz and Shirazi, 2023    15 
 

technological strategy for mitigation of air pollution 

through crop residue burning in India. Nature 

Environment and Pollution Technology. 19(2): 521-

538. 

[101]  P.A. Fokaides, A. Kylili, L. Nicolaou and B. 

Ioannou. (2016). The effect of soil sealing on the 

urban heat island phenomenon. Indoor and Built 

Environment. 25(7): 1136-1147. 

[102] M.I. Abdurrahman, S. Chaki and G. Saini. (2020). 

Stubble burning: Effects on health & environment, 

regulations, and management 

practices. Environmental Advances. 2: 100011. 

[103] I. Kayes, S.A. Shahriar, K. Hasan, M. Akhter, M.M. 

Kabir and M. A. Salam. (2019).The relationships 

between meteorological parameters and air 

pollutants in an urban environment. Global Journal 

of Environmental Science and Management. 5(3): 

265-78. 

[104] J. Fang, X. Tang, R. Xie and F. Han. (2020).The 

effect of manufacturing agglomerations on smog 

pollution. Structural Change and Economic 

Dynamics. 54: 92-101. 

[105] J. Zeng, X. Ge, Q. Wu and S. Zhang. (2021). Three-

Year Variations in Criteria Atmospheric Pollutants 

and Their Relationship with Rainwater Chemistry in 

Karst Urban Region, Southwest 

China. Atmosphere. 12(8): 1073. 

[106] G. Han, W. Gong, J.H. Quan, J. Li and M. Zhang. 

(2014). Spatial and temporal distributions of 

contaminants emitted because of Chinese New 

Year's Eve celebrations in Wuhan. Environmental 

Science: Processes & Impacts. 16(4): 916-923. 

[107] S. Guttikunda and P. Jawahar. (2020). Can we 

vacuum our air pollution problem using smog 

towers? Atmosphere. 11(9): 922.                                                         

[108] K. Chandramouli, N, Pannirselvam, D.V. Kumar, 

S.R. Avuthu and V. Anitha. (2019). A study on 

smog filtering tower. Journal of Advanced Cement 

& Concrete Technology. 2(1, 2). 

[109] K. Nivetha, R.J. Mathew, S. Yadav, C.A. Sam, G. 

Sreekumar and S. Faris. (2021). Network of Outdoor 

Air Purification Systems: Air Quality Measurement, 

Analysis and Display Systems using Mesh Network 

Topology. IEEE International Power and 

Renewable Energy Conference (IPRECON) (pp. 1-

8). IEEE. 

[110]  M. Basu. (2019). The great smog of Delhi. Lung 

India:Official Organ of Indian Chest Society. 36(3): 

239. 

[111]  H. Zhang, S. Mao and X. Wang. (2021). How much 

are people willing to pay for clean air? Analyzing 

housing prices in response to the smog free tower in 

Xi’an. International Journal of Environmental 

Research and Public Health. 18(19): 10210. 

 

 

 


