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According to the Department of Environment Malaysia, it is stated that there are
six main pollutants which are the particulate matter with 10-micron size in diameter
(PMp), particulate matter with 2.5-micron size in diameter (PMzs), sulphur dioxide
(S02), nitrogen dioxide (NO2), carbon monoxide (CO), and ground-level ozone (O3).
Each of the pollutants can cause serious harm to human health, environment, and
property. For instance, PM s can cause lung cancer and cardiopulmonary deaths, while
O3 can reduce lung functions and induce coughing and choking. The presence of CO
can cause mortal growth in pregnant women as well as affect tissue development of
young children (Rani ef al., 2018). PM;oand O; are the main concerns in Malaysia since
the two major air pollutants, particularly in the urban and suburban areas in Malaysia,
have been recognised to have the high potential for deleterious effects on human health
(Azid et al., 2015). Figure 2.1 shows the health effects caused by the high exceedances

of air pollution.

HEALTH EFFECTS OF AIR POLLUTION
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Figure 2.1 The health effects of air pollution
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Figure 2.2 Number of Registered Vehicles in 2016-2017
(Source: Department of Environment, 2018)

Due to high traffic with a favourable atmospheric condition, the urban area has
recorded the highest level of the O3 concentration, as seen in Figure 2.3. The O3 was
identified as the dominant pollution in some suburban and rural areas due to the

downwind effect that transports the O3 pollutant (Department of Environment

Malaysia, 2018).
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(Source: Department of Environment Malaysia, 2018)

The Department of Environment (2017) reported that the APl reading for overall
air quality in 2017 was between good to moderate levels and there was a reduction in
terms of a number of unhealthy days recorded in 2017 compared to 2016. In 2017, there

was no haze episode in Malaysia compared to the past years that was mainly due to
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catalyse the formation of O3 (Mokhtar ef al., 2016). Tanjung Malim was selected instead
of Kuala Selangor, and Banting due to extreme O: concentration, which was low in
Kuala Selangor and because of insufficient data in Banting since the monitoring stations
started in 2010.

Figure 3.2 Location of continuous monitoring stations in Peninsular Malaysia
(Source: Department of Environment Malaysia, 2017)
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i} Petaling Jaya

The distribution of O3 concentration in Petaling Jaya shown in Figure 4.2 was
nicely shaped with a slight skew to the right. The distribution shows the existence of
extreme values. The maximum daily concentrations for Petaling Jaya are mostly below
0.1 ppm, although the extreme value occurs every year, as shown in the Box-and-

Whisker Plot in Figure 4.3.
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Figure 4.2 Histogram of O; concentrations for Petaling Jaya

Based on Figure 4.3, the annual averages of concentrations in Petaling Jaya were
around 0.05 ppm, which were below than MAAQG level. The concentrations were all
positively skewed with the highest value in 2017 (1.908), an indication of more extreme
concentrations recorded in 2017. All the annual maximum concentrations were above
the MAAQG for daily level. The highest maximum concentrations were recorded in
2017 with the readings of 0.216 ppm. Distribution for 2017 registered the highest peak
as compared to other years with the kurtosis value of 1.951. The analysis indicates low
variability in the monitoring records every year with the overall coefficient of variation
value of 0.417.
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Figure 4.3 Time-Series plot, Box-and-Whisker plot and Descriptive Statistics for Petaling Jaya




ii) Shah Alam

As for the O3 concentration in Shah Alam, as shown in Figure 4.4, the shape
was nicely distributed with a slight skew to the right. The data distribution shows that

extreme values exist in the data. The annual average of maximum daily concentration
for Shah Alam was mostly below 0.1 ppm, although the extreme value occurs every

year, as shown in the Box-and-Whisker Plot in Figure 4.5.

Shah Alam
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Figure 4.4 Histogram of Os concentrations for Shah Alam

The descriptive statistic is shown in Figure 4.5, the annual averages of
concentrations in Shah Alam were recorded above 0.05 ppm, which is still below the
MAAQG level. The concentrations were all positively skewed with the highest value in
2017 (0.919) and followed by 2011 (0.819). All the annual maximum concentrations
were above the MAAQG for daily level. The highest maximum concentrations were
recorded in 2017 with the reading of 0.168 ppm. Distribution for 2017 registered the
highest peak as compared to other years with the kurtosis value of 3.030, The analysis
indicates low variability in the monitoring records every year with the overall

coefficient vanation value of 0.383.
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Figure 4.5 Time-Series plot, Box-and-Whisker plot and Descriptive Statistics for Shah Alam




iii) Cheras
Next, as seen in the histogram of the Os concentration in Cheras in Figure 4.6,
it is nicely distributed with a little skew to the right. The data distribution shows the
existence of extreme values in the data, which is expected to fit well with the distribution
of the monitoring records. The annual average daily maximum concentrations for
Cheras are mostly below 0.1 ppm, although the extreme value occurs every year, as

shown in the Box-and-Whisker Plot in Figure 4.7.
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Figure 4.6 Histogram of Os concentrations for Cheras

The annual averages of concentrations in Cheras have recorded above 0.05 ppm,
which is below than the MAAQG level shown in Figure 4.7. The concentrations were
all positively skewed with the highest value in 2016 (0.732), meaning that more extreme
concentrations were recorded in 2016. All the maximum concentrations recorded each
year were above the MAAQG for daily level. The highest maximum concentrations
were recorded in 2016 with the reading of 0.176 ppm. Distribution for 2014 registered
the highest peak as compared to other years with the kurtosis value of 1.255. The
analysis indicates low variability in the monitoring records every year with the overall

coefficient of variation value of 0.381.
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Figure 4.7 Time-Series plot, Box-and-Whisker plot and Descriptive Statistics for Cheras




iv) Klang

Figure 4.8 shows the Os; concentration in Klang. The histogram is nicely
distributed with a skew to the right; in which the data distribution shows the presence
of extreme values in the data which are expected to fit well with the distribution of the
monitoring records. The maximum daily concentration for Klang is mostly below 0.1
ppm, although the extreme value occurs every year, as shown in the Box-and-Whisker

Plot in Figure 4.9.
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Figure 4.8 Histogram of O: concentrations for Klang

Based on Figure 4.9, the annual averages of concentrations in Klang were
recorded around 0.05 ppm; which is below the MAAQG level. The concentrations were
all positively skewed with the highest value in 2013 (1.143); meaning that more extreme
concentrations were recorded in 2013. All the maximum concentrations recorded each
year were above the MAAQG for daily level. The highest maximum concentrations
were recorded in 2013 with the readings 0.141 ppm. Distribution for 2013 registered
the highest peak as compared to other years with the kurtosis value of 2.321. The
analysis indicates low variability in the monitoring records every year with the overall

coefficient variation value of 0.402.
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Figure 4.9 Time-Series plot, Box-and-Whisker plot and Descniptive Statistics for Klang




v) Tanjung Malim

Figure 4.10 shows the O3 concentration in Tanjung Malim. The histogram is
nicely distributed with a skew to the right. The data distribution shows the existence of
extreme values in the data, which is expected to fit well with the distnibution of the
monitoring records. The maximum daily concentration for Tanjung Malim is mostly
below 0.1 ppm, although the extreme value occurs every year, as shown in the Box-

and-Whisker Plot in Figure 4.11.
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Figure 4.10 Histogram of O; concentrations for Tanjung Malim

The annual averages of concentrations in Tanjung Malim recorded around 0.05
ppm, which is below the MAAQG level. The concentrations were all positively skewed
with the highest value in 2016 (1.440), meaning that more extreme concentrations were
recorded in 2016. All the maximum concentrations are recorded each year were above
the MAAQG for daily level. The highest maximum concentrations were recorded in
2009 with the reading of 0.139 ppm. Distribution for 2016 registered the highest peak
as compared to other years with the kurtosis value of 2.300. The analysis indicates low
variability in the monitoring records every year with the overall coefficient of variation
value of 0.419.
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Figure 4.11 Time-Series plot, Box-and-Whisker plot and Descriptive Statistics for Tanjung Malim




vi) Jerantut

The O3 concentration in Jerantut is shown in Figure 4.12. The histogram is
nicely distributed with a skew to the right. The maximum daily concentration for
Jerantut is below 0.1 ppm, and there are outlier data but not extreme in 2012 and 2013,

as shown in the Box-and-Whisker Plot in Figure 4.13.
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Figure 4.12 Histogram of Os concentrations for Jerantut

Based on Figure 4.13, the annual averages of concentrations in Jerantut were
recorded around 0.03 ppm, which is below the MAAQG level. The concentrations were
all positively skewed except for 2017, where it negatively skewed. The highest value of
extreme is in 2013 (0.606), meaning high concentrations were recorded in 2013. All the
maximum concentrations in between 2008 — 2017 recorded each year were below the
MAAQG for daily level. The highest maximum concentrations were recorded in 2015
with the reading of 0.083 ppm. Distribution for 2013 registered the highest peak as
compared to other years with the kurtosis value of - 0.392. The analysis indicates low
variability in the monitoring records every year with the overall coefficient of vanation

value of 0.376.
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Figure 4.13 Time-Series plot, Box-and-Whisker plot and Descriptive Statistics for Jerantut







4.4.1 The Mann — Kendal Trend Test

i) Petaling Jaya

Figure 4.14 illustrates the trend of the quarterly average of daily maximum in
Petaling Jaya from 2008 — 2017. The graph shows that there is a slightly increasing
trend, but the analysis of Mann-Kendall's show (MK) trend indicated that the T= 0.0436
(p-value = 0.7006 = 0.05). There was no significant evidence that the quarterly average

of the daily maximum of Os concentrations increased during the period.
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Figure 4.14 Trend of quarterly average daily maximum for Petaling Jaya

Another trend plot using quarterly maximum for Petaling Jaya from 2008 — 2017
is as illustrated in Figure 4.15. The graph also indicates that there is a slightly decreasing
trend over the year. However, the trend is also not significant statistically following the
MKs trend test (t = -0.0349, p-value = 0.7617 > 0.05).
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Figure 4.15 Trend of quarterly maximum for Petaling Jaya
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i1) Shah Alam

The trend for the quarterly average of daily maximum in Shah Alam from 2008
— 2017 is illustrated in Figure 4.16. The figure clearly shows there is a decreasing trend
along with the year and the analysis of Mann-Kendall’s shows the result that the v = -
0.269 (p-value = 0.01489 < 0.05). Thus, it concludes that there was significant evidence
that the quarterly average of the daily maximum of O; concentrations decreased during
the period.
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Figure 4.16 Trend of quarterly average daily maximum for Shah Alam

By using the quarterly maximum for Shah Alam from 2008 - 2017, as illustrated
in Figure 4.17, the graph also shows a decreasing trend for this location. However, the
trend is not significant statistically following the MK’s trend test (1 = -0.164, p-value =
0.1416 = 0.05).
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Figure 4.17 Trend of quarterly maximum for Shah Alam
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iii) Cheras

Figure 4.18 illustrates the trend of the quarterly average of daily maximum in
Cheras from 2008 — 2017. The graph shows that there is a decreasing trend, but the
analysis of Mann-Kendall’s show (MK) trend indicated that the t = -0.128 (p-value =
(0.2487> (.05). There was no significant evidence that the quarterly average of the daily

maximum of O3 concentrations decreased during the period.
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Figure 4.18 Trend of quarterly average daily maximum for Cheras

Another trend test using the quarterly maximum for Cheras from 2008 — 2017
is illustrated in Figure 4.19. The graph shows there is a slightly decreasing trend and
the MK's trend test confirmed it (t = -0.0272, p-value = 0.8156> 0.05) that there is no

significant decreasing trend for this location.
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Figure 4.19 Trend of quarterly maximum for Cheras



iv) Klang

The trend graph using average quarterly is illustrated in Figure 4.20. The graph
shows that there is a decreasing trend. However, the analysis of Mann-Kendall’s show
(MK) trend indicated that the = -0.108 (p-value = 0.3335> 0.05). Thus, it is concluded
that there was no significant evidence that the quarterly average of the daily maximum

of O3 concentrations decreased during the period.
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Figure 4.20 Trend of quarterly average daily maximum for Klang

By using the quarterly maximum for Klang from 2008 — 2017, as illustrated in
Figure 4.21, the graph also shows a slightly decreasing trend. However, the MK's trend
test concluded that the trend is not significant (Tt = -0.0065, p-value = 0.9628 > (1.05).
This concluded that there is no decreasing trend in the Klang station for O;

concentrations.
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Figure 4.21 Trend of quarterly maximum for Klang
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v) Tanjung Malim

Figure 4.22 illustrates the trend of the quarterly average of daily maximum in
Tanjung Malim. The figure shows a decreasing trend from 2008 — 2017 with support
from the analysis of Mann-Kendall that shows MK s test statistic of 1 = -0.273(p-value
= 0.0135< 0.05). Therefore, it concludes that there is significant evidence that there is
a decreasing trend for a quarterly average daily maximum of O3 during the period.

Tanjung Malim
0l
= 0.08

B

‘é’{l.ﬂﬁ

'gum%%‘gv%ﬂv&

Ec-.m

e 0

= E338383333533383833338
3

Year 2008 2009 20010 2011 2012 2013 2004 2015 2016 2007

Linear Equation : y = 0.057 - (L0004 x

Figure 4.22 Trend of quarterly average daily maximum for Tanjung Malim

Meanwhile, Figure 4.23 illustrates the quarterly maximum for Tanjung Malim
from 2008 — 2017. It shows that the graph has a slightly decreasing trend. But, there is
not enough evidence from MK's test that concluded there is a decreasing trend for this
location (t = -0.0541, p-value = 0.6327 > 0.05).
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Figure 4.23 Trend of quarterly maximum for Tanjung Malim



vi) Jerantut

As for the background station, Figure 4.24 is illustrated using the quarterly
average of daily maximum in Jerantut from 2008 — 2017. The graph shows that there 1s
an increasing trend, with the support from the analysis of Mann-Kendall's (MK) trend
that indicated the t = 0.267 (p-value = 0.01588< 0.05). There was significant evidence
that the quarterly average of the daily maximum of O: concentrations increased during

the period.

Jerantut
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Figure 4.24 Trend of quarterly average daily maximum for Jerantut

By using the quarterly maximum for Jerantut from 2008 — 2017, as illustrated
in Figure 4.25, the graph also shows an increasing trend. The trend is also significant
statistically following the MK's trend test (t = 0.349, p-value = 0.00176< 0.05). The
results obtained in this study have to be given extra precaution since both of the figures

indicate that there 1s an increase of O3 concentrations for Jerantut.
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Figure 4.25 Trend of quarterly maximum for Jerantut
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4.5 The Bayesian Approach

The Bayesian approach that has been discussed in Section 3.7, and this Section
discusses the outcomes of the Bayesian approach in achieving objective 2 and 3. The
result of the parameter estimation for the GEV and Weibull is discussed in Section 4.5.1,
while the suitable prior and the best distribution will be discussed in Section 4.5.2.

4.5.1 Parameter Estimation

From Figure 3.4 in Section 3.7.1, the process of getting the parameter of the
posterior was using the MCMC. Thus, Figure 4.26 shows the iterative history of the
MCMC approach for the GEV likelihood and uniform distribution as prior for all the
parameters in Petaling Jaya. The iteration for Petaling Jaya was stabilised at 5000 of
iterations. The mean for each parameter of the 5000 iterations was determined as the

parameter to fit into the distribution shown in Section 4.6.
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Figure 4.26 The simulation with the GEV likelihood with uniform prior distributions
for Petaling Jaya
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The estimation using the Bayesian approach was appropriate because the
simulation for all location, u, scale, o and shape, A parameters of the GEV distribution
were stabilised around the mean shown in Figure 4.26. The posterior densities of each
parameter, as shown in Figure 4.27, appear to be in conformity with the given data.
Thus, it can be concluded that the estimation using the Bayesian approach was adequate.

lambda sample: S000

P(i)
0.0 40.0

P(p)
0;0 il.ﬂ-?*i

P(a)
_1500.0

=L

b L L} L n 1 L
0.01650.017 0.01750.018 0.0185

a

Figure 4.27 Posterior pdf of parameters using non-informative prior for Petaling Jaya

The prior and the likelihood were both used in the Bayes theorem to find the
posterior parameter. In this study, the mean of the posterior for each distribution was
used as the location, scale, and shape parameters to fit into distribution. The parameter
only describes the distribution for that monitoring stations and the EVD while the
performance indicator in Section 4.5.2 determines the suitable prior and best Bayesian
EVD.

The iterative history and the posterior pdf for other monitoring stations for GEV
and Weibull are almost similar to Figure 4.26 and Figure 4.27. The results of the
parameter estimation using non-informative prior for all stations are presented in Table
4.4. The scale parameter for GEV is higher than the Weibull distribution. However, the
shape parameter shows that the Weibull distribution is higher than the GEV distribution.
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Figure 4.28 - Figure 4.33 shows the pdf and cdf for all the monitoring stations.
The best distribution to represent the O: concentrations was the GEV distribution. From
the graph, it can be seen that all the theoretical distributions fit the observations very
well with the trace almost identical to that of the observations. The pdf had a heavy long
tail to the right, the indication of extreme concentrations existed in all locations, except
Jerantut. The probability of concentrations exceeding 0.1 ppm can be obtained from the
cdf plot for all the monitoring stations, and thus, the estimation of the exceedances can
be calculated using the probability of exceedances.
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Figure 4.28 Pdf and cdf using GEV for Petaling Jaya
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Figure 4.29 Pdf and cdf using GEV for Shah Alam
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Figure 4.30 Pdf and cdf using GEV for Cheras
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Figure 4.31 Pdf and cdf using GEV for Klang
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Figure 4.32 Pdf and cdf using GEV for Tanjung Malim
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Figure 4.33 Pdf and cdf using GEV for Jerantut

4.7 The Exceedances

Following the plot of cdf in all the monitoring stations, as illustrated in Figure
4.28 — Figure 4.33, the probabilities of the O3 concentrations exceeding 0.01 ppm were
calculated for all locations. The comparison of the estimated number of days and the
actual number of days are depicted in Table 4.6.

Table 4.6
Probability and Estimated Number of Days vs. Actual Number of Days

Monitoring Probability of Actual Estimated % Compliance

Stations Exceedances
Petaling Jaya 0.0227 57 83 54.39
Shah Alam 0.0681 263 249 04.68
Cheras 0.0954 341 349 97.65
Klang 0.0136 43 50 83.72
Tanjung Malim 0.0234 11 86 77.48
Jerantut 0.0000 0 0 100
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APPENDIX 1
Example R coding for data imputation

HEBHABRAARRE AR RN R R R B R R R R B R RR R R R AR R RS R R R R

SR e e T e P S E P L S S P R R S e T e b s
data=read.table ("C: /Users/HP/OneDrive - Universiti Teknologi
MARA/Dissertation July 201%/1. Data/OriginalData.csv", header=TRUE,sep=",")
date=seq.Date (as.Date ("2008-01-01"), as.Date("2017-12-31"), "days®)

ozone=cbind (date, ozone)

summary (ozone)

# date BJ Sh Klang
# Min. :2008-01-01 Min. :0.00030 Min. 0.0010 Min. :0.0010
# 1lst Qu.:2010-07-02 1st Qu.:0.03400 1st Qu.:0.0440 lst Qu.:0.0340
# Median :2012-12-31 Median :0.04700 Median :0.0580 Median :0.0460
# Mean :2012-12-31 Mean :0.04953 Mean :0.0609 Mean :0.04886
# 3rd Qu.:2015-07-02 ird Qu. :0.06200 ird Qu.:0.0740 3rd Qu.:0.0600
# Max. :2017-12-31 Max . :0.21560 Max. 0.1681 Max. :0.1410
] HA'Ss : 96 HA'S 1655 HA'S 1419
t Cheras Tanjung.Malim  Jerantut
# Min. :0.00100 Min. :0.00200 Min. 0.00100
# 1st Qu.:0.04500 lat Qu.:0.03600 1st Qu.:0.02300
# Median :0.06325 Median :0.04500 Median :0.03200
§ Mean :0.06577 Mean :0.04948 Mean :0.03307
# 3rd Qu.:0.08000 3rd Qu.:0.05800 3rd Qu. :0.04100
# Max. 0.17600 Max. 0.13900 Max. 0.08300
R NA's 1209 HA's 73 HNA's 258
fffcnensnnsnsmannnessnnanmann. Example Plotting-----------=--=---cmecoonnno" #e
attach({ozone)
plot (date, PJ, type="1", ylab="Concentrations (PPM]) * ,xlab="Days",
main="Petaling Jaya")

s Petaling Jaya

g

—

s &7

T e N Mﬂ

E o LI Ll 1 I 1 I

(4] 2008 2010 2012 2014 2016 2018

Days
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HERRERANEHAREER RN R RN RN R RN RN R AR R AR BN RN RN E R R AR R R

RARRRRUHRRERRHEHARUERRRRNA LU R AR R AR A AR R R AR RR R PR B U AR BRI
library (HotDeckImputation)

library (forecast)

PJ=as .data.frame (czone5FJ)
impPJ=impute.NN_HD(PJ)
plot (imp.ozone$date, imp.ozoneSimpPJ, type="1", ylab="Concentrations (PPM)",

xlab="Days", main="Petaling Jaya")

< Petaling Jaya

o

o

g 0 ]

g &7

E o T

o L= B

E =1 I 1 1 ] 1 I

o 2008 2010 2012 2014 2016 2018
Days

HERRUERAREUAREERRREAR AR AR RRR AR R ERREH R IR AL PR BN R B RR R LH R AR R R Y
REURBHURREHRREEAAMERREE BB RRRA U RRR BB RS RRH R R H U RSB R G U R R R R AR

DATA=as.data. frame (cbind {impPJ, impSA, impCheras, impKlang, impTg.Malim, impJeran
tut))

Year=ozoneSYear

imp.ozone=cbind (Year,date, DATA)

summary {imp.ozone)

lst Qu.:0.04900 lst Qu.:0.03400 lst Qu.:0.03800 1st Qu.:0.02300

04600 Median :0.04500 Median :0.03200

o

Median 0
045942 Mean :0.03287

V]

o

0

0.06300 Median
Mean :0.06559 Mean .04831 Mean

0

0

0
. 06000 3rd Qu.:0.05800 3rd Qu.:0.04100
o

3rd Qu.:
Max.

.0BDO0  3rd Qu.:
L17600 Max.

# Year date impEJ impSh

# 2008 : 366 Min. :2008-01-01 Min. :0.00030 Min. :0.00100
# 2012 : 366 1st Qu.:2010-07=-02 1st Qu.:0.03500 1st Qu.:0.04500
# 2016 : 366 Median :2012-12-31 Median :0.04800 Median :0.05900
# 2009 : 365 Mean :2012-12-31 Mean :0.04974 Mean :0.06187
# 2010 : 365 3rd Qu.:2015-07-02 3rd Qu.:0.06200 3rd Qu.:0.07500
# 2011 : 365  Max. :2017-12-31 Max. :0.21560 Max. :0.16810
# (Octher) :1460

# impCheras impKlang impTg.Malim impJerantut

# Min. :0.00100 Min. :0.00100 Min. :0.00200 Min. :0.00100
#

#

#

#

#

o o O Q o

.14100 Max. 13500 Max. 08300
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APPENDIX 2
Example R coding for time series, box-plot and descriptive statistic

R R AR ERE RS S RS SRR S SRS RS EE R E S LR E SRS LSS T

REURRUGREHARUERAURRA U PR AR LU RREUARR SRR UE AR R EERR R AR RS
library (gridExtra)

library (ggplot2)

mineas.Date ("2009-10-01")

plot=ggplot (data=imp.ozone, aes(x=Petaling.Jaya))+
geom_histogram(cclor="black", fill = "tomato®)+

labs(title="Petaling Jaya", y="Frequency", x="Concentrations (PPM)")+

theme (plot.title = element_text (hjust = 0.5))+

theme (panel.grid.major = element blank(), panel.grid.minor =

element blank(],

panel .background = element_blank(), axis.line = element_line(colour =
"black"} )
ggsave ("Histogram.PFJ.png", plot)
pleot
400

g

g

I 2004

u“ v ¥ ¥
0.00 0.05 010 015 020
Concentrations (PPM)

R e e Rl e SR e s et i s e s i o i e bt

HERRERRARNALUARERRARERRUURRERRRRHERRERRRREERRERARREAR RN RARREER AR RUA RO R Y
plotl= ggplot(data=imp.ozone, aes(x=date,y=Petaling.Jaya))+

geom_line (color = "tomato", size = 1)+

labs(title="Petaling Jaya", x="Day", y="Concentrations (FPM)")+

theme (plot.title = element_text(hjust = 0.5))+

theme (axis.title.x=element_blank(),

axis.text .x=element blank(),axis.ticks.x=element blank())+

geom_hline (yintercept = 0.1,color="red",size=l, linetype="dashed")+
geom_text (aes(min,0.1,label = "MAAQG Lewvel®™, vijust = -1)}+

theme (panel.grid.major = element_blank(), panel.grid.minor =
element_blank(],

panel .background = element_blank(), axis.line = element_line(colour =

"black"))
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plot2= ggplot (imp.oczone) + geom_boxplot (aes(Year, Petaling.Jaya, group =
Year) )+

labs (y="Concentrations (PPM)")+

theme (plot.title = element text (hjust = 0.5))+

theme (panel .grid.major = element_blank(), panel.grid.minor =
element_blank(),

panel .background = element_blank(), axis.line = element_line(colour =

"black"))

grid.arrange (plotl, plot2, nrows2)

Petaling Jaya

(PPM) Concantrations (PPM)

lldolodlldd

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Year

HURHARREE R RSB RN R R R R R R R R R R R R R R R R AR R R R Y

HRARERRRERARAERRRERREERRRER R PR RN RN R AR RRE LR AR AR R A RRR R IR AR

library(raster)
library(fBasics)

mean=sapply (dataPJ, mean, na.rm=TRUE)
median=sapply (dataFJ, median, na.rm=TRUE)
min=sapply (dataPJ,min, na.rm=TRUE)
max=sapply (dataPJ, max, na.rms=TRUE)
sd=sapply (dataPJ, 8d, na.rm=TRUE)

coef .varssapply(dataPJ,cv,na. m=TRUE)
skewness=sapply (dataPJ, skewness,na,. rm=TRUE)
kurtogisssapply(dataPJ, kurtosis, na. rmeTRUE)

resultsrbind (mean, median,min,max, sd, coef .var, skewness, kurtosis)
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