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Abstract
The studies related to air pollution and its association with human health over the mountainous region are of utmost
importance, and are sparse especially over the Himalayan region of India. This study gives an understanding of increase in
the occurrence of respiratory diseases due to the accumulation of pollutants during winter season in the Himalayan region
(Kashmir valley). The linkages between various atmospheric variables and clinically validated data have been done using
various datasets procured from the satellite, model reanalysis and surface observations. Monthly managed data from 2013-
2017 for upper and lower respiratory tract infections is obtained from the Ministry of health, Government of India. Aerosol
optical depth, air temperature, and wind speed are signi�cantly related (p <0.001) to the incidence of acute respiratory
infections with its peak during winter. Model derived particulate matters having aerodynamic diameters less than 2.5 µm
(PM2.5) shows high contribution of black carbon, organic carbon and sulphate during winter. This is mainly due to the
burning of biomass and biofuels (both indoor and outdoor) with low planetary boundary layer height, accumulating high air
pollution and deteriorating air quality during winter months that affects the respiratory health of the habitants. The wind
roses generated shows the passage of winds from western side of the region surrounded by Pir panjal Himalayan sub
division. Concentrated weighted trajectory analysis has shown that most of the winds coming from the western side are
taking southward direction before reaching the study area and may be bringing pollutants from Indo-Gangetic Plain. Our
study shows that the accumulation of pollutants in the Himalayan valley is owing to the meteorological stability with
signi�cant emissions from burning of biomass and biofuels during winter season, that signi�cantly correlated with the
incidence of acute respiratory infections in the region. 

1. Introduction
Air pollution is strongly associated with morbidity and mortality cases across the word, and accurate assessment of its
spatial and temporal variation is important for epidemiological studies to estimate the health effects [1]. Air pollution is a
major problem faced by the modern civilization having harmful toxicological bearings on the environment and human
health [2]. Airborne suspended particulate matter is a serious worldwide concern as it is linked with adverse human health
conditions. There have been several epidemiological studies which revealed the association of airborne particulate matter
with the incidence of acute and chronic respiratory diseases [3]. Studies related to the exposure of airborne particulate
matter have been documented in epidemiological studies related to human health impacts such as cardiovascular and
respiratory diseases over last three decades and are broadly distinguished into acute or chronic on the temporal framework
[4, 5]. Ambient air pollution contributes about 8% to the Global Burden of Diseases (GBD) and is increasing continuously
with time due to increase in �ne particulate matter (particulate matter having aerodynamic diameter less than or equal to
2.5 µm i.e., PM2.5) [6]. Air pollutant such as nitrogen dioxide (NO2) is tra�c generated air pollutant and harmful to human
health [7]. There is a paucity in research related to the health effects of NO2 exposures in smaller urban areas and there is
reason to believe that effect of NO2 vary from urban to non-urban areas [1]. Respiratory diseases are commonly encountered
in medicine and pose a very high burden on healthcare infrastructure [8]. Chronic obstructive pulmonary disease (COPD) is a
one of the major causes of morbidity and mortality worldwide [9]. The existing physical and socio-economic environment
has a signi�cant impact on the respiratory illness [10]. According to the reports of GBD, there are almost 2 million premature
deaths in India due to ambient air quality and household air pollution. 13 out of 20 cities (across the world) having highest
annual level of PM2.5 are in India, which lead to 21% increase in mortality due to PM2.5 [11]. Besides the variation in the air
composition, the meteorological factors also play a very signi�cant role in spreading of contagious air-borne diseases and
air pollutants. Temperature, humidity, atmospheric pressure and wind speed are some of the important meteorological
variables that determine the transport, dispersion, stability and growth of air pollutant and air borne pathogen in the ambient
atmosphere [12, 13]. Low temperature and atmospheric stability provides ideal condition for growth of various airborne
pathogens and accumulation of various air pollutants. Viruses such as human Metapneumovirus (hMPV) and respiratory
syncytial virus (RSV) have been found to cause epidemics in winter season in cold and temperate regions [14]. Mortality is
considerably higher during the cold winter months (December–March) as compared to other seasons in northern
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hemisphere. In the United Kingdom, around 25,000 deaths occur annually during winter months [15]. Cold winter months are
not only associated with an increased number of deaths but also they have a substantial impact on morbidity [15]. There is
a constant increase in hospitalization and mortality during winter months, the bulk of which is related to cardiovascular and
respiratory diseases [16]. Exposure to severe cold environment has witnessed an increased rate of incidence of respiratory
infections [17]. The effects of climatic change, air pollution and its impact on human health and environment are often
getting discussed during last two decades [18].

The Himalayan region stretches over 2400 kilometers from west- northwest (Nanga Parbit 8125 meters) to east (Namche
Barwa 7755 meters) and is considered to be the roof of the world [19]. Due to human population burst in the last few
decades both the Himalayan ecosystem and human society is facing odd environmental changes [20]. Climate change,
pollution and continuous land use transformation in the Himalayan region have impacts on human health, where ecological
changes and economic inequalities further in�uence the spread of various kinds of diseases [21]. Unique geographical
personality (physical, socio-economic and cultural environment) of the Himalayan region are linked to different morbidity
pattern associated with several respiratory tract infections [22]. These geographical aspects of human health could be due
to high variability in climatic conditions and atmospheric stability within Himalayan region [22]. Air quality deteriorates
signi�cantly during winter months in the Valley region of Kashmir (Himalayas) with highest PM2.5 concentrations (~ 
350 µg/m³), which is about six times of the Indian permissible limit [23]. Emissions in the valley region of Kashmir are
highest during winter months due to low temperature and dry conditions along with elevated rise of biofuel emissions
(burning of leaves and twigs). These biofuels are mostly byproduct of agriculture and horticulture residuals and are found to
be the potent causes of rise in pollution level. Back trajectories show the role westerly winds in the contribution of high PM2.5

levels in the Kashmir Himalayas originated mainly from Afghanistan and other surrounding areas [23]. Studies conducted at
the Kullu-Manali region of lower Himalaya have shown that the vehicular pollution is producing ultra�ne particles which are
getting readily absorbed by lungs and causing serious respiratory and neurological disorders [24]. The mechanisms
underlying the seasonal variations are not completely elucidated, but can be surely attributed to the changes in the outside
and inside air temperature, wind chill factors, exposure to sunlight, air pollution, pattern or food intake and psychological
conditions [16]. The relationship between air changes per hour and infection transmission in a closed environment is
enigmatic and have a direct impact on incidences of infectious diseases [25]. A study conducted in seven cities situated in
the crop burning area of north India has shown the dependence of various pollutants concentration on the meteorology [26].
The concentration of pollutants such as carbon monoxide and volatile organic compounds have been found to be directly
linked to atmospheric conditions, causing major respiratory damages to the population [26]. Damage to respiratory and
cardiac health due to criteria air pollutants have been found in the Delhi and also revealed the possible health damage to
other places due to transport of these pollutants to other regions [27].

Himalayan region is a very cold and temperate region which gets even colder in winter season with humid and stable
atmospheric conditions [28]. With the transport and buildup of harmful air pollutants, such stable atmospheric conditions
contribute to damaging of respiratory system making it more susceptible and less defensive against further infections such
as acute respiratory infections (ARIs) [29]. ARIs include serious respiratory health problems faced mainly by children and
elderly population and are caused mostly by viruses [14].

In most of the studies done worldwide ARIs are found to be linked with the meteorological factors such as temperature,
humidity and wind speed [30, 31]. In India, there has been wide research gaps correlating the incident of respiratory diseases
with the environmental factors and we haven’t found any study relating respiratory diseases with the meteorological
variables and air pollution in Himalayan region. Therefore, with very rapidly changing climatic conditions and transport of
pollutants in Himalayan region, the effect of air pollution and meteorological conditions needed to be studied with respect to
respiratory health.

2. Materials And Methods
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2.1 Study region
The Himalaya lies in the north of South Asia separating the great plains of India from the mighty Tibetan plateau
interspersed by many longitudinal valleys. With north-ward slope movement, the Himalayan range acts as a great climatic
barrier between India and Central Asia. Figure 1 shows the map and topographic structure of the study area. The present
study pertains to the north-western part of Kashmir valley (largest valley in the entire Himalayan range), lies between pir
panjal range and Zanskar range of the Himalayas. An average altitude ranges between 1038 meters to 5185 meters above
sea level, with majority of the population inhabited in the belt, i.e., 1038–1600 metres above sea level [22] with an estimated
approximately 6967 km2 comprises of three districts (Kupwara, Baramulla and Bandipora) (Fig. 1). Area with total
population of 22.2 lacs constitutes 32.2% of the total population of the Kashmir valley. About 36% of the total horticulture
land (hectares) of the whole valley is contributed by this region (JK Statistical Digest 2016). The study area has more rural
characteristics, poor infrastructure along with perpetual backwardness. The physiographic attributes have contributed the
study area popularly known as, “gate of winds” thereby owing it great importance [22].

 

2.2 Meteorological data
Meteorological data (air temperature, atmospheric pressure, wind speed and direction, and rainfall) were provided by the
Indian Meteorological Department (IMD Srinagar) month wise for the period of 2013–2017. Planetary boundary layer height
(PBLH) which determines the environmental capacity for the dispersion of atmospheric pollutants, measured by parcel
method and by temperature and humidity gradients, i.e., temperature, wind, turbulence quantities and concentration of
pollutants [32]. Wind chill factor (WCF), an index to appraise the apparent temperature felt on the exposed skin by the
combination of air temperature, wind speed, and relative humidity, were calculated by the formula given by National Weather
Service, USA [33].

WCF = 35.74 + 0.6215 T − 35.75 (V0.16) + 0.4275 T (V0.16)

where T = Air temperature 0C, V = Wind Speed (mph). Seasonal wind rose which shows the direction and speed of winds
blow in the region over a period of time was generated from Microsoft Excel 2010.

2.3 Atmospheric composition data
Data of monthly air pollution contribution to total PM2.5 (black carbon, organic carbon, sulphate, dust and sea salt) for the
period of 2013–2017, were retrieved from Modern-era retrospective analysis for research and applications, version 2
(MERRA-2) which is a global reanalysis product that assimilate satellite observations of atmospheric constituents and their
interactions with other physical variables (https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/data_access/) [34]. Aerosol
optical depth (AOD) from moderate resolution spectroradiometer (MODIS; collection 6;
https://ladsweb.modaps.eosdis.nasa.gov/) at 550 nm wavelength (combined data product of terra and aqua satellites) is
used to understand the monthly and yearly aerosol loading in the atmosphere. All AOD products are monthly averaged over
the given coordinates from 2013–2017. The details about MERRA-2 and MODIS products and its validity/comparison over
Indian region can be found elsewhere [34–37].

2.4 Backward wind trajectory analysis
Backward wind trajectory air mass analysis helps us in �nding geographically potential source region which could be adding
the particulate matter at the receptor site. Concentrated weighted trajectory analysis is done using backward wind trajectory
data obtained from HYSPLIT model [38] from year 2013–2017 for the months January, April, July and October to see the
density of wind trajectory at any area in the given time period. We have run the HYSPLIT model to get the backward
trajectory air masses started within a period of 72 hours, monthly analyzed at 12 am and at a height of 500 m. Five years
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(2013–2017) data of latitude and longitude of these trajectories were merged together for each month in a single �le and
these data were plotted as a function of density on the map [39].

2.5 Demographic data
Total population, fuel used for cooking, horticulture land in hectares, annual vehicular registrations were obtained from JK
statistical digest 2016, JK transport 2018 and Census of India 2011.

2.6 Health data
Monthly data related to acute respiratory infections (ARIs) were obtained from integrated disease surveillance program
(IDSP) under ministry of health, government of India, for the period of 2013–2017. Incidence rate de�ned as the number of
new cases in the total population in a speci�ed time [40]. It was used to measure the frequency of morbidity pattern of acute
respiratory infections (ARIs) that can be useful in predicting the risk factor of the population to develop a given disease and
can be calculated by formula:

2.7 Statistical Analysis
Pearson’s coe�cient of correlation is used to see the linear relationship between various meteorological variables (air
temperature, atmospheric pressure, relative humidity, rainfall, wind speed, wind chill factor and aerosol optical depth) with
the incidence rate of ARIs. Step wise multiple regression which signi�es the most contributing factors (Independent
variables) affecting dependent variables, by eliminating least signi�cant independent variables were carried to identify the
potent meteorological factors affecting ARIs in the study region. Analysis of variance (ANOVA) F-test, a statistical model to
estimate the variation among and between the groups was performed to test the difference between two or more means
with statistical signi�cance. Multi collinearity test were also carried to check the degree of relationship among independent
variables.

3. Results And Discussion

3.1 Association of aerosol load and meteorological variables with
incidence rate of ARIs
This study region surrounded by Himalayas has been witnessing erratic climatic and unprecedented weather conditions with
changing seasons that is directly attributing to the health of people as seen in the study. We have compared the monthly
time series data of incidence rate of acute respiratory infections (IR_ARIs) with seven different meteorological and aerosol
parameters (air temperature, wind speed, relative humidity, wind chill, rainfall and AOD). Meteorological conditions with high
air temperature and high humidity tends to cease the growth of in�uenza viruses and other infectious agents and therefore
these meteorological variables can be a very useful tool for spread and surveillance of such viruses. [41]. The monthly
variations in meteorological parameters and IR_ARIs from 2013–2017 is shown in Table 1. Average air temperature from
2013–2017 were recorded (± 4.180C) in winter months, with low wind speed 2.2 mph, low relative humidity 59.4 g/m3, and
low wind chill (below 20C). With the beginning of spring season, the region experiences a sharp increase of air temperature
(13 0C) (from the average recorded temperature in winter months from 2013–2017), wind speed, relative humidity and wind
chill, resulting in the low value of AOD which declines from (0.50) in winter to (0.28) and (0.26) in spring and summer
months respectively, and again rise to (0.31) in autumn months. It is characterized by temperature decline of nearly 8 0C
from an average recorded air temperature of ~ 220C in summer months with atmospheric stability and dry weather
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conditions (least rainfall) prevailing in autumn months (harvesting season) attributing pollution in the atmosphere. As
shown in the Fig. 2, the low PBLH which determines the environmental capacity for the dispersion of atmospheric pollutants
is indicating the deteriorating air quality during winter months. Strong association was seen in the variation of different
meteorological variables and the incidence of ARIs as shown in the Table 1, Fig. 2 and Fig. 3. During the winter months
(January, February, November, and December), extreme dip in the air temperature, relative humidity, low wind speed, wind
chill factor and high value of AOD show high cases of ARIs among the population as per the medical records (Fig. 2). During
spring and summer months’ cases of ARIs were recorded low as compared to winter months from 2013–2017 and again
show sharp rise in autumn months in the study region. Figure 3 shows the month wise variation in the meteorological
factors from 2013–2017 in the study region.
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Table 1
Monthly variations in meteorological parameters and the incidence of ARIs during 2013–2017 over study area.

Years Months Average
T (0C)

Wind
speed
(mph)

Wind
chill
factor

Atmospheric
pressure (mb)

Relative
humidity
(g/m3)

Rainfall
(mm)

AOD IR_ARIs/1K
population

2013 Jan 3.2 1.09 2.9 8390.5 59 68.6 0.26 6.09

Feb 4.5 0.78 6 8380.1 55 211.7 0.29 5.7

Mar 11 1.61 9.1 8383.4 61 84.6 0.3 5.4

Apr 12.6 1.66 10.6 8357.9 64 101 0.35 4.8

May 13.7 1.7 11.7 8364.2 78 85.4 0.28 4.1

Jun 21.9 2.4 19 8300.7 81 92.4 0.22 3.6

Jul 24.4 1.8 23.1 8270.4 85 19.4 0.24 3.3

Aug 23.4 2.2 21.1 8298.5 63 153.4 0.3 5.4

Sep 20.2 2 18 8340 71 27.7 0.31 6

Oct 17 2.06 14.3 8372.7 62 26.4 0.31 6.5

Nov 8.1 1.73 5.5 8402.1 58 12.6 0.4 7.4

Dec 4.8 1.48 2.8 8376.2 61 17.5 0.46 8.3

2014 Jan 2.1 1.41 0.2 8421.6 56 52.4 0.22 7.4

Feb 4.5 1.78 1.4 8352.3 54 142.7 0.23 6.6

Mar 6.6 1.29 5.5 8372.2 60 403.7 0.33 6.9

Apr 11.9 1.4 10.8 8377.6 63 152.7 0.29 6.4

May 16.3 2.2 13.2 8354.1 77 145.6 0.29 5.9

Jun 20.5 2.4 17.4 8312.8 72 38.4 0.18 4.6

Jul 24.1 2 22.3 8293 81 45.6 0.3 4.9

Aug 22.7 2.12 20.5 8313 60 43.7 0.31 6.2

Sep 19 2 16.7 8350.3 69 156.7 0.29 7.3

Oct 14.3 2.2 11 8394 59 42.4 0.35 7.8

Nov 8.2 1.2 7.6 8404.7 57 63.7 0.55 8.9

Dec 4.1 1.6 1.6 8399.07 56 1.6 0.48 9.7

2015 Jan 4.5 0.96 4.9 8396.1 54 42 0.27 6.9

Feb 4.7 1.3 3.5 8385.8 53 232.6 0.2 6.5

Mar 8 1.2 7.4 8386.3 60 269.6 0.33 6.4

Apr 13.5 2 10.6 8360 63 253.6 0.29 5.3

May 16 3.6 10.2 8352 75 116.4 0.3 4.9

Jun 18.6 4 12.6 8322.9 69 92.4 0.19 4.7

Jul 23.1 2.9 19.4 8291.7 79 170.9 0.22 4.2
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Years Months Average
T (0C)

Wind
speed
(mph)

Wind
chill
factor

Atmospheric
pressure (mb)

Relative
humidity
(g/m3)

Rainfall
(mm)

AOD IR_ARIs/1K
population

Aug 23 2.5 20 8307.3 59 63.6 0.3 6.3

Sep 18.4 2.5 14.9 8358.1 64 65.5 0.27 6.7

Oct 14.9 1.9 12.4 8400.6 60 172.5 0.26 7.1

Nov 10.4 1.7 8.1 9214.3 56 101.1 0.45 8

Dec 4 1.03 4 8406.3 58 44.3 0.55 8.4

2016 Jan 4.1 1.1 3.8 8386 55 91.7 0.15 4.9

Feb 6.7 2 3.2 8393.7 54 54.9 0.21 4.5

Mar 9.2 1.8 6.5 8389.5 58 312 0.3 4.3

Apr 12.7 2.5 8.5 8375.6 62 102.2 0.27 3.7

May 18.3 3.6 12.8 8340.4 74 77.5 0.24 3.4

Jun 22.1 4.9 15.6 8311.1 73 23 0.24 3.1

Jul 23.4 5.4 16.6 8283.7 81 66.6 0.25 3

Aug 22.1 2.6 18.8 8307.3 63 31.6 0.25 3

Sep 20.3 2.2 17.6 8320.6 72 5 0.36 3.8

Oct 15.2 2.3 11.8 8352.3 63 3.8 0.29 5

Nov 7.9 3.5 1.1 8386 58 0 0.51 5.6

Dec 4.4 0.83 5.6 8388 57 18.5 0.87 6.5

2017 Jan 1.15 1.16 0.3 8370.2 57 234 0.9 9.3

Feb 5.2 1.77 2.2 8384.1 56 145.3 0.24 5.4

Mar 8.4 1.89 5.4 8295 59 132.1 0.31 5.4

Apr 13.4 2.27 9.9 8391.2 61 252.7 0.31 4.9

May 18.2 2.04 15.8 8370.2 79 28.2 0.24 4.4

Jun 19.7 1.57 18.7 8159 71 69.2 0.24 4.1

Jul 23.4 1.67 22.3 8330.7 83 31.5 0.37 4

Aug 23.2 2.08 21.1 8325.9 62 47.5 0.34 5.8

Sep 19.9 1.86 18.1 8357.9 73 13.5 0.33 5.9

Oct 15.0 1.8 12.9 8382 61 0 0.36 7.1

Nov 8.25 1.11 8.1 8405 59 23.9 0.67 7.8

Dec 4.07 1.52 1.9 8417.4 61 66.6 0.81 8.4

3.2 Source pro�ling of air pollution
Monthly variation in percentage contribution to PM2.5 (black carbon, organic carbon, sulphate, dust, and sea salt) is shown
in Fig. 4. High concentration of black carbon and organic carbon are seen in winter months from 2013–2017. High pollution
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level during these months is mostly attributed due to large scale burning of biomass and biofuels utilized in cooking and
charcoal formation. Generally, air quality deteriorates in Kashmir valley with highest PM2.5 concentrations (~ 350 µg/m³)
during winter [23]. This region shows the highest concentration of black carbon among all the high altitudes observation
sites in India and Nepal. A high concentration of black carbon is found in winter and autumn season mainly because of
large-scale burning of biomass such as twigs and shedding leaves of plants for the formation of charcoal [42].

Figure 5 (a-c) shows the possible geographical potent factors contributing to the source of air pollution in the region. This
study region with valley structure is surrounded by mountains from all sides, traps all the air pollutants mostly emitted from
the burning of agricultural and horticulture residuals (with quantum jump seen in existing high density orchards) and
vehicular emissions in the region, along with traditional source used for cooking. The perpetual backwardness in the region
results into a higher dependency of households on fossil fuels and biofuels, around 78% of the total households are using
the traditional source of energy for cooking such as burning of biomass fuel substances (�rewood, crop residues, dry cow
dung, coal and dry leaves). This is enormously contributing in the emission of pollutants BC and OC during winter [43].
Dominant horticulture activities in the region sharing 35.8% of the total horticulture land of the whole valley (JK Statistical
digest 2016) also attributed to the emission of BC and OC in the lower layer of atmosphere by burning horticulture residues
obtained from continuous and unavoidable process (pruning), along with shedding of leaves which is utilized in the
formation of charcoal to keep orchard lands clean and protect them from pest and winter calamity. Burning of huge �re
woods and dry leaves produces ample smoke mainly in the form BC and OC with least dispersion due to lower PBLH in
winter months. Due to the �nancial schemes provided by banking sectors there has been an excessive rise in the vehicular
registration in the region that can be seen as a growing concern for the emission of air pollutants in the atmosphere and
making habitants of the region susceptible to inhale harmful air pollutants.

3.3 Backward trajectory Analysis
Figure 6 (a-d) shows the seasonal wind rose maps for 2013–2017. It shows the pattern of seasonal variation in the wind
direction and wind speed. The winds mainly blow from the west, south-west, and south-eastern side throughout the year.
Zainab et al, 2018 [23] has shown the role westerly winds in the contribution of high PM2.5 levels in the Kashmir valley,
mainly originated mainly from Afghanistan and other surrounding areas. We have depicted the number of trajectories
passing through a given area through concentrated trajectory map as shown in Fig. 7 (a-d). In the month of January (winter
proxy) most of the trajectories reaching at study region are coming from the west and south direction of study area and are
becoming densest in this area. The colorbar represents the number of trajectories and we can see here that the number of
trajectories is highest in the southward of the study area. This is a very interesting result as a signi�cant portion of IGP is
lying in the southward area where these trajectories are densest. Since IGP is a very agriculturally active and highly
commercialized area, therefore these winds may be bringing a lot of pollutants with them in the winter season.

3.4 Statistical modeling
We carried step wise multiple regression in SPSS version 2.0. The Pearson’s correlation coe�cient calculated show variables
of meteorological variables negatively correlated with the incidence of ARIs, i.e. Air temperature (-0.59), winds peed (-0.54)
and wind chill (-0.52), while AOD shows positive relationship with the incidence of ARIs (0.59), as shown in the Table 2. Step
wise multiple regressions carried out in this study show that the air temperature, aerosol optical depth and wind speed are
strong contributing factors affecting the incidence rate of ARIs with statistically signi�cant p value < = 0.05 as shown in the
Table 3. ANOVA test (shown in the Table 4) shows a signi�cant relation between the meteorological variables and incidence
of respiratory infections with F value of 31.81 for aerosol optical depth, F (28.51) for AOD and air temperature, and F (21.87)
for AOD, air temperature and wind speed with higher degree of freedom (df) and p value < 0.000. Coe�cients (standardized
and unstandardized) shown in Table 5 indicates that one-unit increase in aerosol optical depth will increase the incidence of
ARIs by 6.35 and one-unit increase in air temperature will decrease IR_ARIs by -0.096. Similarly, with one-unit increase in
wind speed will decrease the IR_ARIs by -0.45, which in all the cases here indicates per thousand of the population with
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statistically signi�cant p value < 0.000. The multi collinearity statistics test carried here indicates the high normal distribution
of data with variance in�ation factor below 10 with least standard error.

Table 2
Correlation matrix between meteorological parameters and IR_ARIs.

  IR_ARIs Avg_T Wind_S Wind_CF Atmospheric_P Rainfall_mm Avg_AOD

Pearson
Correlation

IR_ARIs 1.000 − .593 − .543 − .528 .382 .030 .595

Avg_T − .593 1.000 .576 .971 − .325 − .247 − .410

Wind_S − .543 .576 1.000 .381 − .200 − .170 − .331

Wind_CF − .528 .971 .381 1.000 − .323 − .235 − .359

Atmospheric_P .382 − .325 − .200 − .323 1.000 .053 .221

Rainfall_mm .030 − .247 − .170 − .235 .053 1.000 − .099

Avg_AOD .595 − .410 − .331 − .359 .221 − .099 1.000

Sig. (1-
tailed)

IR_ARIs . .000 .000 .000 .001 .410 .000

Avg_T .000 . .000 .000 .006 .028 .001

Wind_S .000 .000 . .001 .063 .097 .005

Wind_CF .000 .000 .001 . .006 .035 .002

Atmospheric_P .001 .006 .063 .006 . .344 .045

Rainfall_mm .410 .028 .097 .035 .344 . .225

Avg_AOD .000 .001 .005 .002 .045 .225 .

N IR_ARIs 60 60 60 60 60 60 60

Avg_T 60 60 60 60 60 60 60

Wind_S 60 60 60 60 60 60 60

Wind_CF 60 60 60 60 60 60 60

Atmospheric_P 60 60 60 60 60 60 60

Rainfall_mm 60 60 60 60 60 60 60

Avg_AOD 60 60 60 60 60 60 60

Table 3
Step wise multiple regression analysis between meteorological parameters & IR_ARIs.

Model Variables
Entered

Variables
Removed

Method

1 AOD . Stepwise (Criteria: Probability-of-F-to-enter < = .050, Probability-of-F-to-
remove > = .100).

2 Avg_T . Stepwise (Criteria: Probability-of-F-to-enter < = .050, Probability-of-F-to-
remove > = .100).

3 Wind_s . Stepwise (Criteria: Probability-of-F-to-enter < = .050, Probability-of-F-to-
remove > = .100).

a. Dependent Variable: IR_ARIs
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Table 4
Analysis of variance (ANOVA) of meteorological parameters and IR_ARIs

Model Sum of Squares df Mean Square F Sig.

1 Regression 57.112 1 57.112 31.816 .000b

Residual 104.112 58 1.795

Total 161.224 59    

2 Regression 80.634 2 40.317 28.516 .000c

Residual 80.590 57 1.414

Total 161.224 59    

3 Regression 86.999 3 29.000 21.879 .000d

Residual 74.225 56 1.325

Total 161.224 59    

a. Dependent Variable: IR_ARIs

b. Predictors: (Constant), AOD

c. Predictors: (Constant), AOD, Avg_T

d. Predictors: (Constant), AOD, Avg_T, Wind_s

Table 5
Coe�cients of meteorological parameters and IR_ARIs.

Coe�cientsa

Model Unstandardized Coe�cients Standardized Coe�cients T Sig. Collinearity Statistics

B Std. Error Beta Tolerance VIF

1 (Constant) 3.649 .418   8.719 .000    

AOD 6.375 1.130 .595 5.641 .000 1.000 1.000

2 (Constant) 5.555 .597   9.306 .000    

AOD 4.533 1.100 .423 4.121 .000 .832 1.203

Avg_T − .096 .023 − .419 -4.079 .000 .832 1.203

3 (Constant) 6.177 .644   9.592 .000    

AOD 4.235 1.074 .395 3.944 .000 .818 1.222

Avg_T − .066 .026 − .289 -2.498 .015 .614 1.629

Wind_s − .456 .208 − .245 -2.191 .033 .657 1.522

a. Dependent Variable: IR_ARIs

3.5 Limitations
The study highlights the role of different meteorological parameters in the incidence of respiratory infections identifying
potent causes and source of different air pollutants in the study region. The study also pointed out the possible contribution
of IGP in bringing the air pollutants to the valley which is quite signi�cant. The main limitation of the study to worth mention
here is non estimation of the proportion of particulate matter in the atmosphere in different seasons due to non-availability
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of such data in the region that would have surely boosted this work more. There is also a need to �nd the source of aerosol
particle in the region in order to quantify the contribution of IGP in bringing pollutants to the valley. Also the correlation of
meteorological variables with ARIs is found to be pathogen dependent in some studies. In future studies we can also include
the pathogen speci�c casualties on respiratory health and correlate it with different meteorological variables.

4. Conclusions
The main �ndings of the study are that seasonal �uctuations in the meteorological variables (air temperature, wind speed
and direction, wind chill factor, aerosol optical depth, and PM2.5) are strongly associated with the seasonal incidence of ARIs
in the Himalayan region. We found high contribution of black carbon, organic carbon, and sulphate to total PM2.5 during
autumn and winter months. Source of the pollutants can be attributed to both local and exotic sources. Local factors include
burning of biomass and biofuels for cooking and other purpose, formation of charcoal from horticulture, crop residues and
quantum rise in the transport sector in a region with no major industrial set up. The exotic sources of pollutants are mainly
by long range transport by the westerly winds that brings huge junk of air pollutants from west neighbouring countries as
discussed in the study (nearly 87% of winds blow from west throughout the year). The concentrated weighted wind
trajectories analysis con�rmed that winds before entering the valley de�ects south-ward and enters in vast IGP where air
mass is laden with high concentrated pollutants and gets departed towards the longitudinal depression valley, where it gets
trapped. Finding the cause and mechanism behind such de�ection will be a very useful and signi�cant study for not just
understanding the climate and atmospheric circulation but also for making more effective health policies. With low PBLH
during winter air pollutants mostly remain near the surface with least dispersion. Habitants of the study region gets exposed
to these harmful air pollutants, as seen through medical records (high cases of ARIs were seen in winter and autumn
months). Strong association was seen between different meteorological variables and incidence of acute respiratory
infections in the study, most dominantly in the seasonal variation of air temperature, wind speed and AOD. The air coming
from polluted IGP may also bring pollutants and contribute to respiratory health problems in winters.

The study recommends that pollution control board of the state must take the urgent initiative to install particulate matter
detecting analyzer in order to continuously monitor the pollution data that will be bene�ted to carry more in-depth research
and possible conclusion. The government also needs to raise the concern and must promote eco-friendly methods for
disposal of horticulture produce (charcoal making etc.) especially when the growth of horticulture in the entire valley is going
to see a quantum jump due to the subsidized introduction of high-density apples in the valley, at the same time, the growth
of vehicles is increasing exponentially in the state which adds to the emissions due to the combustion of fossil fuels.
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Figure 1

Map of the study area. Note: The designations employed and the presentation of the material on this map do not imply the
expression of any opinion whatsoever on the part of Research Square concerning the legal status of any country, territory,
city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.
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Figure 1

Map of the study area. Note: The designations employed and the presentation of the material on this map do not imply the
expression of any opinion whatsoever on the part of Research Square concerning the legal status of any country, territory,
city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.
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Figure 2

Monthly variations of incidence of acute respiratory infections (IR-AIRs), aerosol optical depth (AOD) and planetary
boundary layer height (PBLH) during 2013-2017.
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Figure 2

Monthly variations of incidence of acute respiratory infections (IR-AIRs), aerosol optical depth (AOD) and planetary
boundary layer height (PBLH) during 2013-2017.
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Figure 3

Monthly variations of meteorological parameters (Temperature, Wind Speed, Wind Chill, Rainfall, Relative Humidity) during
2013-2017.
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Figure 3

Monthly variations of meteorological parameters (Temperature, Wind Speed, Wind Chill, Rainfall, Relative Humidity) during
2013-2017.

Figure 4
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Monthly variation of percentage contribution to total PM2.5 [ black carbon, organic carbon, sulphate, dust and sea salt]
during 2013-2017.

Figure 4

Monthly variation of percentage contribution to total PM2.5 [ black carbon, organic carbon, sulphate, dust and sea salt]
during 2013-2017.

Figure 5

(a-c) Local source of air pollution (Fuel used for cooking, Horticulture residues and transport pressure). Source: Census of
India 2011, JK Statistical Digest 2016, JK transport 2018.
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Figure 5

(a-c) Local source of air pollution (Fuel used for cooking, Horticulture residues and transport pressure). Source: Census of
India 2011, JK Statistical Digest 2016, JK transport 2018.
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Figure 6

(a-d) Seasonal wind rose maps for 2013-2017.



Page 25/27

Figure 6

(a-d) Seasonal wind rose maps for 2013-2017.
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Figure 7

(a-d) The concentrated weighted wind trajectories for the months January, April, July and October for year 2013-2017.
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Figure 7

(a-d) The concentrated weighted wind trajectories for the months January, April, July and October for year 2013-2017.


