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Abstract 

Exposure to air pollution especially PM2.5 has detrimental effect on human health especially on respiratory 

system. It can cause exacerbations in pre-exisiting asthma and onset new asthma as well. Asthma patient 

hospital visits in district Rawalpindi, Pakistan were analyzed by using kernel density estimation in ArcGIS 10.2. 

PM2.5 concentrations were recorded gravimetrically as well as OLI/TIRS Land Sat 8 data was processed to reveal 

the PM2.5 concentrations over the study area. Kernel density maps and PM2.5 concentration maps were studied to 

Fig. out the correlation of asthma patient hospital visits and PM2.5. Our study revealed the presence of more 

asthma hotspots with higher PM2.5 concentrations exceeding the national air quality standards. Therefore, PM2.5 

is one of the contributing factors to the asthma prevalence in district Rawalpindi, Pakistan. 

*Corresponding Author: Javairia Shabnum  javairiayounis@gmail.com 
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Introduction 

Unplanned rapid urbanization and industrialization 

has intensified the concentration of pollution in 

developing countries. Exposure to air pollution has 

detrimental effect on human health especially on 

respiratory systems, lung development and function 

(Auerbach and Hernandez, 2012; Voynow and Auten, 

2015). Asthma is a chronic respiratory disease which 

is associated with significant rate of mortality and 

morbidity in developing countries (Sinharoy et al., 

2018). Air pollution can cause exacerbations in pre-

existing asthma but evidence about new asthma onset 

has also emerged (Guarnieri and Balmes, 2014). 

There are various environmental factors that trigger 

asthma including allergens exposure (dust mites, 

pollens of various plant species, pets mites, molds), 

air pollution (Nitrogen dioxide (NO2), Ozone (O3), 

Particulate Matter (PM), and Volatile Organic 

Compounds (VOCs). Viral respiratory tract infections 

and human rhinovirus, food allergens e.g., milk, 

tobacco smoke are also considered as a triggering 

factor for asthma (Fang et al., 2016; Gaffin et al., 

2014; Pawankar, 2012; RA, 2003). Short term and 

long term exposure to PM2.5 is associated with asthma 

symptoms and decrement in lung function of both 

children and adults (Iskandar et al, 2012; Mann et al, 

2010; Meng et al, 2010).  

 

Generally air quality monitoring is done by ground 

monitoring stations which are quite accurate and 

timely but their spatial coverage is limited as these 

stations are sparse. Therefore, many researches use 

satellite remote sensing in assessing the air pollution 

specially PM2.5 (Lijuan, 2020; Mishra et al, 2020; 

Zhao at al., 2018). The Moderate Resolution Imaging 

Spectroradiometer (MODIS) instrument onboard 

NASA’s Terra and Aqua satellites, Landsat OLI and 

TIRS, other sensors, such as MISR, OMI, VIIRS, 

POLDER, and CALIPSO are used for atmospheric 

aerosols properties. Landsat 8 data with a 30m 

resolution is ideal for development of precise satellite 

aerosol optical thickness (AOT). Metrological factors 

such as temperature, relative humidity and physical 

characteristics of particles are also important for precise 

results (Mishra et al., 2020; Wang et al., 2010).  

Satellite PM2.5 data combined with ground 

measurements including temperature and relative 

humidity corrections can be used for disease 

surveillance.  

 

The present paper attempted to assess the 

geographical distribution and clusters of asthma in 

Rawalpindi, Pakistan by using spatial analysis 

technique Kernal density (KD) in ArcGIS 10.2 

software and its association with PM2.5 using Landsat 

8 data and ground measurements. Other researchers 

also use kernel density for disease mapping and 

detection of disease clusters (Murad and Kashoggi, 

2020; Rybnikova et al., 2018; kloog et al., 2009). 

Moreover, correlation between PM2.5 and asthma 

patients hospital visits was also assessed. 

 

Materials and methods 

Study area 

District Rawalpindi is situated in North-West part of 

Pakistan. It covers an area of 5286 Sq. km and is 

administratively divided in to seven tehsils Muree, 

KotliSattian, Khautta, Kallar Syedan, Gujar Khan, 

Rawalpindi and Taxila (Fig. 1). Attock is situated in 

west side of Rawalpindi district whereas Islamabad, 

Haripur and Abbotabad are in North. In South lies 

the Chakwal district whereas East is covered by State 

of Jammu and Kashmir.  
 

 

Fig. 1. Study area map. 

 

Data Set  

Ground measurements of PM2.5, meteorological 

parameters and asthma prevalence 

PM2.5 concentrations (µg/m3) were recorded at 

selective locations using gravimetric sampling in both 

winter and summer season. 
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Meteorological parameters including temperature (°C) 

and relative humidity (%) was requested from 

Metrological department of Pakistan (PMD).  Moreover, 

health facilities data was collected from District health 

Office Rawalpindi which included the rate of asthma 

patient hospital visits and locations of health facilities in 

district. 

 

Landsat 8 data set 

An image of 4th december, 2019 was downloaded 

from Landsat 8 data from https:// 

earthexplorer.usgs,gov for winter season (December) 

because of the presence of peaks of asthma cases in 

this season in district Rawalpindi. The scenes with 

minimal cloud cover were used.  

 

Pre-processing of data 

Radiometric correction was done by converting DN 

values into top of atmosphere (TOA) reflectance by 

using Landsat 8 data user’s handbook (USGS: 

Landsat 8 (L8) Data Users Handbook, 2019): 

 

TOA reflectance was calculated by formula 

ρλ′ = (MρQcal +  Ap) 

where: ρλ’ = TOA planetary reflectance, without 

correction for the solar angle. 

Mρ= Band-specific multiplicative rescaling factor 

from the metadata (reflectance_mult_band_x, 

where x is the band number) 

Ap= Band-specific additive rescaling factor from the 

metadata (REFLECTANCE_ADD_BAND_x, 

where x is the band number)  

Qcal = Quantized and calibrated standard product 

pixel values (DN) 

TOA reflectance with a correction for the sun angle is 

then: 

ρλ� =
ρλ�

cos(θsz)
=

ρλ�

sin(θse)
 

where: ρλ’ = TOA planetary reflectance 

 θsz = Local sun elevation angle. The scene center sun 

elevation angle in degrees is provided in the metadata 

(sun_elevation). 

θse = Local solar zenith angle. Atmospheric 

correction was done by using following formula.  

Atmospheric Reflectance= TOA Reflectance – Surface 

Reflectance. 

Processing data 

Muliband regression analysis was done to relate PM2.5 

with atmospheric reflectance. It was calculated as by 

Mishra et al, 2021. 

 

Disease mapping 

Hotspots for asthma patients were identified using 

kernel density estimation for December 2019. Maps 

of kernel density and satellite based PM2.5 estimates 

are created to study the correlation of PM2.5 

concentrations with asthma prevalence in study area. 

 

Results and discussion  

Statistical data related to hospital visits of asthma 

patients requested from DHO Rawalpindi revealed 

seasonal patterns in asthma prevalence with highest 

number of patients during winter months (Nov-Jan). 

Data was distributed randomly with no spatial 

autocorrelation. Kernal density estimation revealed 

maximum hotspots in Rawalpindi tehsil followed by 

tehsil Gujar Khan for December, 2019. PM2.5 

concentrations for December, 2019 revealed the 

higher concentrations in hotspot areas revealing the 

association of asthma with PM2.5 pollution in our 

study area (Fig. 2).  

 

Sources of higher concentration of PM2.5 are due to 

increased fossil fuel combustion, construction work, 

smoking, pollen, fungal spores, wood stove burning 

and roadside traffic (Kim et al., 2013; Kelly et al., 

2012). Elevated concentrations in winters in 

Rawalpindi district (Fig. 2) could be associated with 

large biomass burning for cooking and heating 

purpose as confirmed by Zafar et al. (2012). 

Moreover, migration of snow covered northern areas 

people to the twin cities also increased fossil fuels 

burning and motorization which leads to the more 

enhancement of PM2.5 in winters.  

 

Ground monitoring of PM2.5 concentrations was also 

done by using high volume air sampler in selective 

locations for both summer and winter months (2019-

2020). Maximum concentration 0.379mg/m3 was 

recorded in winter which exceeds the national air 

quality standards. 
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PM2.5 concentrations were higher in winters as 

compared to summers. Ground monitoring data also 

verified the accuracy of satellite data. Our results 

revealed unhealthy quality of air with PM2.5 exceeding 

the national air quality standards in whole district. 

 

 

Fig. 2. Asthma hotspots and PM2.5 concentrations for 

Nov, 2019 in Rawalpindi, Pakistan. 

 

Association of exposure to PM with exacerbation of 

previous asthma as well as onset of new symptoms 

because of formation of oxidative species is revealed 

in the previous study (Gavett and Koren, 2001). 

Globally, 16 million childhood asthma cases are 

reported annually due to elevated PM2.5 exposure. 

Though the exposure affects all body parts but 

respiratory system is found to be first line of entry 

into human body. It penetrates deeply into lungs and 

intensifies asthma attacks frequency and severity 

along with other lungs disease (Anenberg et al., 

2018). Various studies had revealed the associations 

of asthma emergency hospital visits and elevated 

PM2.5 concentrations and support our research 

outcomes. Gorai et al. (2014) studied Asthma 

emergency department visits among New York 

residents with PM2.5 concentration and found positive 

correlation during 2005-2007. The Canadian 

Community Health Survey reported hospitals visits of 

asthmatic patients increased to three fold during cold 

season when PM2.5 reached to elevated level (To et al., 

2016). Similarly in our study asthma patients hospital 

visits were higher in areas with more PM2.5 

concentrations. Therefore, it is revealed that PM2.5 is 

one of the contributing factors for asthma prevalence 

in district Rawalpindi. 

Conclusion 

Asthma morbidity and mortality is increasing in 

developing countries. Asthma onset and pre-exisiting 

asthma excerbations are associated with the exposure 

of PM2.5 levels in air. Data related to asthma patients 

hospital visits in Rawalpindi district revealed seasonal 

patterns of disease prevalence with highest number of 

patients recorded in winter seasons. Kernel density 

estimation disclosed the more number of asthma 

hotspots in Rawalpindi and Gujar Khan tehsils for 

December, 2019.  

 

Landsat 8 data was acquired and processed that 

revealed the elevated PM2.5 concentrations in district 

Rawalpindi. Ground PM2.5 concentration 

measurements also revealed the unhealthy air where 

PM2.5 concentrations exceeded the national air quality 

standards. Correlation of kernel density estimation 

and PM2.5 concentrations showed the overlay of 

asthma prevalence with higher PM2.5 concentrations 

in study area. Therefore, PM2.5 is concluded as a 

contributing factor to asthma prevalence in 

Rawalpindi, Pakistan. There is a further need to Fig. 

out and manage the sources contributing to PM2.5 

levels for the effective management of asthma in 

district Rawalpindi, Pakistan. 
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