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ABSTRACT

The study investigates the relationship and descriptive tabulation of meteorological parameters and
air pollutant variables in air quality monitoring in Peninsular Malaysia from 2017 to 2022. The main objective
is to understand how the different weather conditions and pollutant variables are distributed across all
monitoring stations in Peninsular Malaysia to provide insights for environmental monitoring and public
health policy. Approximately 111,345 daily averages were collected from continuous air quality monitoring
stations in Peninsular Malaysia (CAQOMS) under the supervision of the Department of Environment (DOE),
Malaysia. Key meteorological parameters such as wind direction (WD), wind speed (WS), relative humidity (RH),
solar radiation (SR) and ambient temperature were analysed together with air pollutant variables such as
nitrogen oxide (NOx), nitric oxide (NO), nitrogen dioxide (NO,), ozone (O3), carbon monoxide (CO)
and particulate matter (PM10 & PM2.5). Statistical analysis was performed using Spearman'
correlation to identify significant predictors of air quality monitoring. In the descriptive analysis, all CAOMS
were compared with each other, including the mean. Boxplots were shown to describe the meteorological
parameters, and correlation amongst the parameters and variables were done to investigate relationships.
Results showed that PM; s mean value exceeded the WHO guideline of 15ug/m* and some CAQMS showed higher
mean values especially in the central region (Selangor and Nilai, Negeri Sembilan). Carbon monoxide exhibits
moderate correlation to certain air pollutant variables including PM,s which is a significant air pollution
indicator in peninsular of Malaysia.

Keywords: Correlation; descriptive analysis; air pollutant variable; meteorological parameters; air pollution trends

INTRODUCTION Low- and middle-income countries experience more
outdoor air pollution with 89% (of the 4.2 million
premature deaths) occurring in these areas as compared to
high-income countries. The greatest burden is found in the
WHO South-East Asia and Western Pacific Regions. The
latest burden estimates reflect the significant role air
pollution plays in cardiovascular illness and death (WHO
2024).

According to research by the World Health Organisation
(WHO) in 2024, it is estimated that in 2019, some 68% of
outdoor air pollution related premature deaths were due to
ischemic heart disease and stroke, 14% were due to chronic
obstructive pulmonary disease, 14% were due to acute
lower respiratory infections, and 4% of deaths were due
to lung cancers.
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Southeast Asia’s fast urbanisation and industrialisation
have significantly worsened the region’s air quality,
especially in terms of high particulate matter levels (Hopke
et al. 2011). The region’s high humidity and warmth,
however, pose problems because they are known to
introduce biases into measures of air pollution (Duong et
al. 2023).

Malaysia, one of the Southeast Asian countries located
north of the equator has a that is hot and humid weather
and rain athroughout the year. Temperatures are high and
stable. Malaysia also experiences tropical weather, having
an average annual temperature of 25.4 °C (Ismail & Wan
Zain 2022).

Air quality in Malaysia is continuously monitored
daily by the Continuous Air Quality Monitoring Stations
in Malaysia (CAQMS) to detect changes in the ambient
air quality status that may cause harm to both human health
and the environment. With its varied topography, climate,
and weather, Peninsular Malaysia provides a unique
context for studying trends in air pollution. Numerous
factors, such as seasonal weather variations, land-use
practices, regional transboundary pollutants, and localised
emission sources, can affect variations in air quality.

In air quality monitoring in Malaysia, specifically, air
pollutant together with meteorological parameters are
recorded daily by CAQMS including carbon monoxide
(CO), nitrogen dioxide (NO3), nitrogen oxide (NO ),
sulphur dioxide (SO,), particulate matters (PM, , PM, ),
ozone (Os), and nitrogen dioxide (NO,), which is necessary
to better understand these dynamics. Each air pollutant
differs in content, origins, and effects on human health and
the environment. Inhaled ozone can induce numerous
health issues, including chest pain, cough, and exacerbation
of bronchitis and asthma (Hamzah et al. 2022). PM, ; is
more concerning as it is more detrimental to human health
than PM, ; (Rahman et al. 2021).

Meteorological parameters were also recorded by the
stations including temperature, relative humidity, wind
speed, wind direction and solar radiation. Consequently, it
is essential to study and evaluate the most recent data to
identify patterns and trends in the recorded variables
throughout time. The Malaysian government has taken
necessary actions to diminish haze occurrence by restricting
laws regarding open burning which may lead to increased
level of air pollutant concentrations (Rani et al. 2018).

The following Table 1 shows the CAQMS in
Peninsular Malaysia and its unique coding.

TABLE 1. CAQMS in Peninsular Malaysia

State Code Station
PERLIS CAOIR Kangar
KEDAH CAO02K Langkawi
CAO03K Alor Setar
CA04K Sg. Petani
CAO5K Kulim
PULAU PINANG CAO06P Seberang Jaya
CAO7P Seberang Perai
CAO8P Minden
CA09P Balik Pulau
PERAK CA10A Taiping
CAl1IA Tasek, Ipoh
CAl12A Pegoh Ipoh
CA13A Seri Manjung
CAl14A Tg Malim
WILAYAH CAISW Batu Muda
PERSEKUTUAN
CAl6oW Cheras
CA17TW Putrajaya
SELANGOR CA18B Kuala Selangor
CA19B Petaling Jaya
CA20B Shah Alam
CA21B Klang
CA22B Banting
NEGERI SEMBILAN CA23N Nilai
CA24N Seremban
CA25N Port Dickson
MELAKA CA26M Alor Gajah
CA27M Bukit Rambai
CA28M Bandaraya Melaka
JOHOR CA29] Segamat
CA30J Muar
CA31J Batu Pahat
CA32] Kluang
CA33J Larkin
CA34) Pasir Gudang
CA35] Pengerang
CA36] Kota Tinggi
CA66] Tangkak
PAHANG CA37C Rompin
CA38C Temerloh
CA39C Jerantut
CA40C Indera Mahkota,
Kuantan
CA41C Balok Baru, Kuantan
TERENGGANU CA42T Kemaman
CA43T Paka
CA44T Kuala Terengganu
CA45T Besut
KELANTAN CA46D Tanah Merah
CA47D Kota Bharu




A total of 47 CAQMS were available in Peninsular
Malaysia from the state of Perlis until the state of Kelantan.
The new coding was used by the DOE beginning of April
2017 with some additions of parameter that is Particulate
matter with a diameter of 2.5 micrometres and smaller
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(PM2.5) and addition of stations such as C66J that is
Tangkak, Johor. Prior to that, only Particulate matter of
diameter 10 micrometres and smaller (PM10) were
recorded by the stations in Peninsular Malaysia.
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FIGURE 1. Location of CAQMS, Peninsular Malaysia from the Department of Environment. (2024)

This study aims to provide a comprehensive descriptive
analysis of air pollution in Peninsular Malaysia and
investigate meteorological trends that could offer valuable
insights for future public health and policy initiatives in
addressing the air pollution in Peninsular Malaysia.

MATERIALS AND METHODOLOGY

DATA COLLECTION AND DATA PREPROCESSING

The Department of Environment’s network of air
monitoring stations in Peninsular Malaysia provided the
data used in this study. A total of 111,345 data were
recorded from April 2017 until December 2022 from the
CAQMS in Peninsular Malaysia. Missing data were
excluded in the analysis and outliers for meteorological
data were included to explore extreme weather conditions.

Along with meteorological data including temperature
(Temp.), relative humidity (RH), wind speed (WS), wind
direction (WD), and solar radiation (SR), the stations record
a variety of air pollutant variables that are Particulate matter
(PM) which is an important indicator for air pollution in
Malaysian context. There is strong relationship for negative
health impacts associated with exposure to this air
pollutant.

Besides PM, other important air pollutant variables
include carbon monoxide (CO), a colourless, and odourless
toxic gas produced by the incomplete combustion of
carbonaceous fuels. There is also ozone (O,) at ground
level, one of the major constituents of photochemical smog,
formed through the reaction with gases in the presence of
sunlight. Next is nitrogen dioxide (NO,) NO,, a gas that is
commonly released from the combustion of fuels in the
transportation and industrial sectors, and lastly, sulphur
dioxide (SO,), a colourless gas from fossil fuel combustion.
and the smelting of mineral ores that contain sulphur (WHO
2024).
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RESULTS AND DISCUSSION between air pollutants and their effects (Jamovi Project 2024).
Table 3 summarises the mean concentration values
DESCRIPTIVE ANALYSIS and standard deviation for the air pollution concentration

A descriptive analysis of the air pollutant concentrations
measured in Peninsular Malaysia, is provided in this
section. Each air pollutant’s variability is captured by
summary statistics like mean, and standard deviation. The
summary statistics combining all data are presented and
according to each station in Peninsular Malaysia to see if
there are any discrepancies with regards to stations. These
results provide a basis for comprehending the dynamics of
air quality. In this study, statistical analyses were conducted
using Jamovi version 2.3.28 and Microsoft Excel, an open-
source statistical software, to examine the relationships

for Peninsular Malaysia from April 2017 until December
2022. Table 4 shows the threshold guidelines for each air
pollutant concentration according to the Malaysian
Ambient Air Quality Guidelines (MAAQG) and the World
Health Organisation (WHO). The concentration levels set
by the WHO is stricter as compared to the threshold levels
set by the MAAQG. The concentration levels of particulate
matters are measured in micrograms per cubic meter (pg/
m?®) whereas the rest of the air pollutant variables are
measured in parts per million (ppm). nitrogen dioxide
(NO,) becomes the air pollutant to represent the other
nitrogen-related variables.

TABLE 2. The Mean and Standard Deviation of air pollution concentration from April 2017 until December 2022.

PM,, PM, NO 0, co
AVG AVG S%I?IZ)G N%p/?nV)G AVG Ng)"p[?nv)c AVG AVG
(ng/m’)  (ng/m’) (ppm) (ppm) _ (ppm)
Mean 23.9 16.0 0.00116 0.00724 0.00414 0.0114 0.0177 0.595
Standard 11.8 9.83 7.29¢-4 0.00514 0.0106 0.0132 000745  0.225
deviation
TABLE 3. Guideline threshold for air pollutant values according to the MAAQG and WHO.
GUIDELINE  MoAVG (ug/  PM,(AVG (ug/  SO,AVG NO,AVG 03 AVG CO AVG
m’) m?) (ppm) (ppm) (ppm) (ppm)
MAAQG 5 5 8-hour Avg
24-hour 100pg/m? 35ug/m’ g%%g/n:rl Z)Ooig/nr; 100 pg/m? 8.7ppm
Average VopP PP (0.05 ppm)
WHO ; 5 8-hour Avg
24-hour 45ug/m’ 15ug/m’ ( 048%5/ mm) © f)slg‘f/ m m  100ugn 3.5ppm
Average VIoPP ' pp (0.05ppm)

Table 3 indicates that there is only one (1) air pollutant
concentration mean that is PM, ; that exceeds the WHO
guideline, but still within the MAAQG guideline that is
12.0pg/m*. The policy implication might suggest that the
threshold be reviewed from time to time and compared
with the latest threshold provided by the WHO. It is
important to monitor fine particulate matter (PM, ;) as it is
an important air pollutant that affects chronic health
conditions and premature mortality in big metropolitan
(Masood et al. 2023).

The concentration of surface ozone, O, shows that the
levels are near to the threshold that is 0.05ppm (with a
mean value of approximately 0.02ppm) but is still below
the threshold levels. The standard deviation of PM,  and
PM, . shows high variability in the air concentration values
with a standard deviation of 11.8ug/m?®and 9.838ug/m?
respectively. The following Table 4 shows the mean values
of each concentration according to each station. The
following Table 4 shows the mean value according to
CAQMS in Peninsular Malaysia.



TABLE 4. The Mean according to CAQMS in Peninsular Malaysia from April 2017 until December 2022
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STATION ID Pl\(/IIO/ A?/G Asll\c/}lz(pfg y SO2 AVG E\? é NO AVG NOX AVG O3 AVG CO AVG
ug/m’) m?) (epm) oy (PPM) (ppm) (ppm) (ppm)
CAOIR 19.1 11.9 9.55e-4  0.00301 8.10e-4 0.00383 0.0217 0.460
CAO02K 19.4 10.7 9.15e-4  0.00354  0.00475 0.00829 0.0176 0.472
CAO3K 19.4 13.0 8.64e-4  0.00474  0.00106 0.00581 0.0208 0.487
CA04K 22.6 15.6 0.00109  0.00731 0.00510 0.0124 0.0182 0.636
CAO05K 20.1 14.4 9.64e-4  0.00657  0.00322 0.00979 NaN NaN
CAO6P 26.1 18.6 0.00107 0.0133 0.00916 0.0225 0.0157 0.791
CAO07P 24.5 16.5 8.39e-4  0.00810  0.00291 0.0110 0.0149 0.688
CAO08P 21.9 15.6 0.00109  0.00723  0.00148 0.00873 0.0239 0.570
CAO09P 22.5 15.3 9.88e-4  0.00361 0.00186 0.00550 0.0233 0.493
CA10A 27.0 16.0 9.08e-4  0.00735  0.00566 0.0130 0.0162 0.422
CAl1A 26.7 17.5 0.00116  0.00881 0.00331 0.0121 0.0187 0.596
CA12A 26.7 17.1 8.18¢-4  0.00824  0.00291 0.0112 0.0177 0.528
CA13A 24.5 16.7 NaN NaN NaN NaN NaN NaN
CAl4A 14.8 9.83 9.24e-4  0.00551 0.00455 0.0101 0.0181 0.536
CA15W 28.5 19.5 0.00108 0.0141 0.00994 0.0239 0.0157 0.888
CA16W 27.2 19.7 9.48e-4 0.0144 0.00785 0.0222 0.0202 0.819
CA1TW 27.0 19.1 0.00125  0.00811 0.00320 0.0113 0.0215 0.625
CA18B 24.6 17.8 NaN NaN NaN NaN NaN NaN
CA19B 323 233 0.00130 0.0200 0.0192 0.0388 0.0114 1.01
CA20B 31.5 22.5 0.00121 0.0152 0.00885 0.0240 0.0200 0.769
CA21B 35.8 25.7 0.00156 0.0165 0.01000 0.0264 0.0156 0.854
CA22B 29.6 20.7 0.00132  0.00951 0.00517 0.0147 0.0189 0.606
CA23N 322 22.1 0.00119 0.0119 0.00771 0.0197 0.00947 0.584
CA24N 22.6 16.3 0.00168  0.00662  0.00211 0.00872 0.0203 0.632
CA25N 223 16.2 0.00135  0.00512  0.00161 0.00670 0.0242 0.501
CA26M 22.0 16.2 NaN NaN NaN NaN NaN NaN
CA27TM 25.5 18.4 0.00139  0.00667  0.00247 0.00913 0.0206 0.658
CA28M 22.7 16.3 0.00185  0.00653 0.00373 0.0103 0.0232 0.550
CA29] 222 15.6 0.00165  0.00528  0.00250 0.00779 0.0183 0.630
CA30J 25.8 16.9 0.00132  0.00797  0.00368 0.0116 0.0194 0.766
CA31J 20.8 14.1 0.00157  0.00480  0.00391 0.00873 0.0172 0.548
CA32] 19.1 12.4 NaN NaN NaN NaN NaN NaN
CA33J 26.9 18.2 0.00176 0.0111 0.00677 0.0179 0.0148 0.570
CA34] 24.7 15.8 0.00142 0.0112 0.00690 0.0181 0.0139 0.625
CA35J 19.1 12.3 0.00134  0.00452  0.00188 0.00639 NaN NaN
CA36J 17.3 10.7 0.00119  0.00387  0.00167 0.00557 0.0194 0.470
CA37C 24.7 15.3 NaN NaN NaN NaN NaN NaN
CA38C 24.4 15.8 8.93e-4  0.00428  0.00240 0.00668 0.0145 0.476
CA39C 20.1 13.1 9.02e-4  0.00249 9.62¢e-4 0.00346 0.0160 0.388
CA40C 18.8 12.1 0.00107  0.00499  0.00164 0.00662 0.0196 0.469
CA41C 26.2 14.8 0.00153  0.00497  0.00150 0.00646 NaN NaN
CA42T 21.7 13.6 9.28e-4  0.00281 0.00160 0.00441 NaN NaN
CA43T 19.3 10.7 9.68e-4  0.00227  0.00121 0.00348 NaN NaN
CA44T 24.5 16.1 9.67e-4  0.00474  0.00176 0.00651 0.0149 0.567

continue ...
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... cont.
sTATION D PMIOAVG Ai)ll\C/}Iz(ig , SO2AVG E\? é NOAVG ~ NOXAVG 03 AVG CO AVG
(ng/m’) m) (epm)  opmy  PPM) (ppm) (ppm) (ppm)
CA45T 19.8 123 8.20e-4  0.00201  9.20¢-4 0.00296 0.0161 0.450
CA46D 26.8 15.8 85le-4  0.00492  0.00622 0.0111 0.0112 0.621
CA47D 24.9 16.1 7.82e-4  0.00353  0.00126 0.00480 0.0136 0.489
CA66] 24.9 157 0.00120  0.00436  0.00191 0.00626 0.0163 0.527

From Table 4, highlighted values (in bold) shows
several CAQMS concentration values of particulate matter,
PM  that exceeds the threshold of more than 30pg/m” that
are stations from Selangor: CA19B (Petaling Jaya), CA20B
(Shah Alam), CA21B (Klang), CA22B (Banting), and a
station from Negeri Sembilan that is CA23N (Nilai). Four
of these stations had concentration values of more than 20
ug/m’ for the particulate matter concentration, PM, , which
is more hazardous to human health especially the
respiratory system, and actually exceeds the WHO
guideline of 15pg/m?® but still below the threshold of
MAAQG that is 35ug/m?. To further understand the
location of the stations, these CAQMS are in the central
region of Peninsular Malaysia that is in Selangor and

Negeri Sembilan state. Selangor has a population density
of 7 million, the highest population density considering
the total population over land area. It is one of the most
populated states with a density of 908.5/km?, creating
significant air pollution challenges. Nilai is the nearest city
of Negeri Sembilan state to Selangor and is both a
residential and industrial area as compared to other areas
in Negeri Sembilan. It is suggested that the state
governments especially in Klang Valley area and north of
Negeri Sembilan could enhance monitoring and
enforcement processes by implementing modern air quality
monitoring systems to detect pollution hotspots in real-time
in these areas to ensure that the air pollution levels are
within the safety range.
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FIGURE 2. Boxplot of Meteorological Parameters for Peninsular Malaysia from April 2017 to December 2022.



Figure 2 shows the boxplot analysis for all
meteorological parameters for Peninsular Malaysia from
April 2017 until December 2022. variability, and potential
outliers in the meteorological parameters observed across
the study period. For instance, the median values (indicated
by the central line within each box) highlight the typical
levels of each parameter, while the interquartile range
(IQR), represented by the box’s height, indicates the spread
of data within the middle 50%. Parameters such as relative
humidity (%) and wind speed (m/s) exhibit a relatively
narrow IQR, suggesting consistent conditions, followed
by ambient temperature (°C) which showed a relatively
bigger IQR, reflecting greater variability as compared to
relative humidity and wind speed. Wind speed and relative
humidity’s small interquartile range (IQR) indicates how
constant they were during the study period. Outliers can
be seen from the meteorological parameters, and indicates
the events of extreme weather that can cause abnormally
high wind speeds. These extreme events must be explored
and acknowledged as meteorological extremes, including
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severe storms and gales, as well as near-surface phenomena
like dust storms, significantly affect air quality (Tian et al.
2021).

The wind speed stays relatively constant, indicating
little change in airflow, which may be related to the
topography or climate of the area. Likewise, the restricted
fluctuation in relative humidity suggests consistently
elevated atmospheric moisture content, which is
characteristic of the tropical climate of Peninsular Malaysia
(METMalaysia 2025).

Solar radiation and wind direction (°) showed a bigger
variability which may reflect diverse meteorological
conditions influenced by factors like monsoon seasons,
topography, or proximity to coastal regions especially for
wind speed. There are outliers of each parameter which
may indicate extreme weather events or measurement
anomalies and may require further investigation on the
outlier values and meteorological conditions specifically
on the time and day of the anomalies. Wind direction affects
air pollution as it brings the air mass pollutants in the
direction as the wind moving (Abdul Halim et al. 2023).

TABLE 5. The Correlation amongst air pollutant variables in Peninsular Malaysia from April 2017 until December 2022.

PMIOAVG ~ PM2SAVG ~ SO2AVG — NO2 NoavG — NOX osavg  ¢©
(ng/m3) (ug/m3) (ppm) AVG ppm) VG pm) VG
(ppm) (ppm) (ppm)
PM10 AVG Spearman’s
(ng/m3) tho
df —
p-value —
PM2.5 AVG Spearman’s
wems o DR
p-value <.001 —
SO2 AVG Spearman’s 0119 0.137 -
(ppm) rho : ’
df 99078 99088 -
p-value <.001 <.001 —
NO2 AVG Spearman’s 0.458 0512 0.191 o
(ppm) rho . : :
df 98406 98416 98384 —
p-value <.001 <.001 <.001 —
2’;) nfl\)VG rslf:arma“ S 0225 0219 0.131 0.677 .
df 99301 99311 99064 98446 —
p-value <.001 <.001 <.001 <.001 —
EEE)AVG rs}f’:arma“ 50395 0.423 0.176 0.932 0.877 —
df 99301 99311 99064 98446 99368 —
p-value <.001 <.001 <.001 <.001 <.001 —
((;i 3;’(} rslf(fa““a“ S 0230 0.271 0.095 -0.080 -0.395 20218 —
df 86726 86736 86712 86631 86707 86707 —
p-value <.001 <.001 <.001 <.001 <.001 <.001 —
8,(3 n‘;VG rslf:arman S 0.448 0.475 0.097 0.580 0.427 0.562 -0.002 —
df 87052 87062 86970 86616 87028 87028 86711 —
p-value <.001 <.001 <.001 <.001 <.001 <.001 0.631 —
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The correlation analysis was conducted to evaluate
the relationships among the air pollutant variables and
shown in Table 5, where the Spearman’s correlation
coefficient (r) was used as the metric. Based on the analysis,
Particulate matters, PM  and PM, , indicated a strong
positive correlation (r=0.932), eventhough both air
pollutant variables measures different particles as PM, jare
particles with a diameter of 10 micrometers (um) or less,
including coarser particles while PM,. s are finer particles
with a diameter of 2.5 micrometers (um) or less. This
relationship are largely attributed to a shared emission
sources including motor cars, burning biomass, and
industrial combustion processes (Gurjar et al. 2016; Zhang
& Geng 2019).

These particles are about 1/30th the diameter of a
human hair and can affect health conditions because of its
small particle size that may penetrate deep into the
respiratory system (Sobri et al. 2021). Carbon monoxide
(CO) showed moderate relationships with several air
pollutant variables such as Particulate matters (both PM |
and PM, ,) with values of r=0.448 and r=0.475 respectively.

CO also showed moderate relationship with all
nitrogen-related variables (NO,, NO and NO_ ) with values
of 1=0.580, 0.427, and 0.562 respectively.

Increased level of carbon emissions across stations
might be due to diverse industrial activities, energy sources,
and populations and therefore requires future actions by
the federal authorities to reduce it (Almubaidin et al. 2024).
These findings highlight potential interdependencies
among the variables, which could provide insight into
shared sources or common environmental influences.

CONCLUSION

The study presented important insights into the interaction
between air pollutant variables and meteorological
parameters for the Selangor Daily Average from 2017 until
2022. Significant correlations were found using the
correlational analysis, and descriptive statistics showed
there exists variability in meteorological parameters that
are Solar radiation and Relative Humidity. Particulate
matters showed some values that are above the threshold
guidieline according to WHO especially in Lembah Klang
area (Selangor and Nilai, Negeri Sembilan) may be urging
concerns for the state government to throughly identify the
causes as main domestic sources of haze in Malaysia have
been identified as exhaust emissions from motor vehicles
and pollutants from industrial activities and provide
suggestions in reduing them to ensure the air pollutant
variables is under control and below threshold values
(Jaafar et al. 2021).

Some states in peninsular Malaysia such as in Klang
Valley area are both residential and industrial areas. These
industrialized areas need more government surveillance
since they are usually linked to dangerously high levels of
air pollution that are harmful to both human health and the
environment (Abdul Halim et al. 2023).

Future research could further examine the
meteorological factors in understanding the nature of the
air pollution in Selangor specifically, and in Malaysia
generally. Establishing the correlation between air pollutant
variables, such as particulate matter, and other environmental
factors can provide valuable insights into the dynamics of
haze formation and its impact on air quality in Peninsular
Malaysia (Latiff & Machimura 2020). By understanding
the patterns and trends in air pollutant concentrations over-
time especially in an urban and industrialised state such as
Selangor, it is hoped that the study would provide a
foundation for data-driven policy-making. Further analysis
can be done to explore seasonal differences by comparing
the boxplots across states and specific time-frame to see
the variability of the results. Greater variability in wind
speed, for instance may play a significant role in the
dispersion or accumulation of air pollutants and can be
considered in future analysis and policy-making.
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