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Abstract— Ground-level ozone concentration is one of the main
concerns for air pollution, due to the negative impacts on human
health, animals, foliage, climate and the whole ecosystem. The aim
of this paper is to reduce the influential outliers by including
weightages within robust method to avoid the bias of the model.
The influential outliers from x-space (predictors) have been
identified using leverage values. Furthermore, Cook’s distance
and standardized residual have been computed to clarify the
influential outliers from both of x-space and y-direction. S-
estimation and MM-estimation have been introduced as a new
approach for reducing the influential outliers from x-space and
both of y-direction and x-space respectively. The comparison
between the robust method and the ordinary least square method
shows that, the accuracy measures of the robust method have been
improved by around 0.94% (D+1), 0.56% (D+2) and 1.85% (D+3)
respectively.

Keywords— Ozone prediction model, S-estimation, MM-
estimation, Robust Regression, OLS

[. INTRODUCTION

Ground-level ozone (O3) has become a pollutant of concern
in Malaysia. Even though it is not the primary pollutant, it does
produce a large negative impact on human health, living things
and crop yield. According to Sanna (2009), the emission of NOx
and VOCs, which would be extremely active in heavy traffics
on the roads, together with the heat and sunlight will form the
smog of O3. Regression analysis is widely used as a method to
predict the concentration level of air pollutants. This study used
several independent variables to form a new equation to predict
the level of O3 concentration. The method was known as
multiple linear regression. The outliers is one of the common
issues in developing a preidction model using regression
models. Even a single point of outlier could lead to incorrect
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inferences and distort the regression analysis (Sarkar, et al.,
2011). The outliers are a huge different observation point from
another point of observation. The presence of outliers will affect
the accuracy of the prediction model in the forming of regression
coefficients (Yahaya, 2014). Real data contain outliers as
mentioned in (Ul-Saufie, 2012). According to Osborne and
Overbay (2004), outliers occur because of data
recording/sampling, the damage of monitoring instrument in
data recording and the error in data acquisition/data
management. According to Kudryavtzev (2009), OLS is not
suitable for non-normal distribution data. As an alternative
method, the robust regression method will provide acceptable
results when the data contains influential. Robust regression is
an iterative procedure that has many steps to identify outliers
and minimize the influential outlier including M estimation,
MM estimation, S-estimation, Least Absolute Value Estimation
(LTS), Least Trimmed Squares estimation (LTS) and others. In
this paper, we focus on S-estimation and MM estimation for
predicting O3 concentration for three days.

Different variables have been used in this study, which
consist of ozone (O3, ppb), carbon monoxide (CO, ppb), nitric
oxide (NO: ppb), sulphur dioxide (SO2, ppb), nitrogen dioxide
(NO2, ppb) and three meteorological parameters; i.e. ambient
temperature (T, oC), wind speed (WS, km/h), relative humidity
(RH, %). In this study, the level of O3 concentration for the
following period (next day (D+1), next two days (D+2) and next
three days (D+3)) are used as the predictors. The selection of
variables is summarized in Table 1.

TABLE L VARIABLES SELECTION IN THE PREDICTION OF O3

CONCENTRATION LEVEL
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II. METHODOLOGY

Pasir Gudang, specifically the coordinate N 1.4707500, E
103.8957020 is located at Sekolah Menengah Pasir Gudang 2 of
the city of Johor. It is the main location of many industrial
activities and the main road for transportation (Ahmat, Yahaya,
& Ramli, 2015). Currently, Pasir Gudang has high impact
industries with total population of 100,000 (Afzali, et al., 2018).
This helped to attract many investments from local and foreign
investors (Ahmad, Majid, M. Yusoff, Abdullah, & Othman,
1994). In air pollution monitoring procedures, United States
Environmental Protection Agency (EPA) has written some
guidelines to measure air pollutants and meteorological
variables (Banan, et al., 2013). The secondary hourly data was
obtained from Department of Environmental Malaysia (DoE)

from 1st January 2002 until 31st December 2014. In this study,
the hourly concentrations for each variable selected were
transformed into daily 12 hours average concentration, from
7am to 7pm, as and according to (Awang, et al., 2013), the O3
concentration level was suspected to be highly active during this
period (Awang, Ramli, Mohammed, & Yahaya, 2013).
Mohammed et al. (2013) have confirmed that, the most of areas
in Malaysia have a large emission of O3 concentration level
during the day time activities i.e. from 7am to 7pm. The most
popular methods in the imputation of missing value for air
pollution data is what has been suggested by Yahaya, et al.,
(2005), the mean imputation technique. In this method, the
missing values will be replaced by the mean, which is obtained
between the above value and the below value, known usually as
the Mean Above Below method (MAB) as implemented and
recommended by Noor et al. (2008).

Based on the randomized dataset presented by Paarsch and
his colleagues (Paarsch and Golyaev, 2016), in the period of
Year 2002 and Year 2012, 80% of the dataset were selected as a
training dataset and the other 20% of the data were selected to
be used for validating the model as suggested by Ul-Saufie
(2012). The 2013 and 2014 dataset were used to verify the
models obtained. According to Sarkar et al., (2011), the data
containing influential outlier will lead to incorrect inferences as
welll as to reducing the accuracy. There are several methods to
identify the influential outliers such as leverage values,
standardized residual (ZRE) and Cook’s distance.

III. MODEL DEVELOPMENT FOR O3 CONCENTRATIONS LEVEL

MLR is an extension model that was developed from a
simple linear regression. It has one response variable and several
predictors. In this study, 89% (n=3214 observations) were
randomly selected as a training model to form the equation for
developing the prediction model. Table 2 lists the general
equations that were used for this study.

TABLE II. MULTIPLE LINEAR REGRESSION MODEL FOR O3
CONCENTRATIONS LEVEL
Day of prediction Model

Next day prediction 03, D+1 =p0+ BIWS + 2T + B3RH +
(D+1) B4NO + B5S0O2 + B6NO2 + B703 + B8CO
Next two days prediction | O3, D+2 =0+ B1WS + 2T + B3RH +
(D+2) B4NO + B5S0O2 + B6NO2 + B703 + B8CO
Next three days 03, D+3 =60+ BIWS + 2T + B3RH +
prediction (D+3) B4NO + B5S0O2 + B6NO2 + B703 + B8CO

where O3, D+1: Next day prediction of O3 concentration
(ppb); O3, D+2: Next two days prediction of O3 concentration
(ppb); O3, D+3: Next three days prediction of O3 concentration
(ppb); WS: Wind speed (km/h); T: Temperature (0C); RH:
Relative humidity (%); NO: Nitric oxides (ppb); SO2: Sulphur
dioxides (ppb); NO2: Nitrogen dioxides (ppb); O3: Ozone
(ppb); CO: Carbon monoxides (ppb).

Rousseeuw and Yohai (1984) proposed the S-estimation as
a method of breakdown value, that is based on estimation scale,
which was reflected in the name of it. Another study by Alma,
(2011) defined the breakdown point/value as a contamination
percentage of the data which can cause regression coefficient
(parameter estimate), that will lead to the loss of accuracy.
Hubert and Michiel Debruyne (2009) in their study, also defined



breakdown point as a result of the smallest fraction from the
impurity of the outliers in data observation. The MM-estimation
is a method introduced by Yohai (1987), as a combination
between two methods, M-estimation and S-estimation. In the
other words, this method is a combination between efficient
estimation and high breakdown value. The performance
indicators are used to measure the performance of the model
using accuracy and error measures. In this study, four
performance indicators were used, prediction accuracy (PA),
Index of Agreement (IA) Root Mean Square Error (RMSE) and
normalized absolute error (NAE).

IV.DISCUSSION

Descriptive Statistics analysis is used to describe the
characteristics of ozone concentration in Pasir Gudang
monitoring station. The results are shown in Table 3. The Pasir
Gudang monitoring station is surrounded by major roads and
industrial area. The average level of O3 from year 2002 until
year 2014 was recorded at 19.906 ppb. The maximum value of
03 was recorded at 57.00 ppb. The reason behind such level was
reported and justified by Mahmud et al., (2012). It was reported
that the reason behind such high value of O3 could relate to the
fact that transboundary haze pollution occurred as a result of the
huge biomass burning activities in the west and central
Kalimantan region. The distribution of the data was skewed to
the right with a standard deviation of (7.759) and a skewness
value of 0.572.

Metho | T/Con Models NA RM 1A PA
d stant E SE
0.461792T - 0.25 6.57 | 0.58 | 043
0.040229RH - 3355 | 2068 | 8135 | 5088
0.059840NO -
0.058701S0,+
0.197210NO, +
0.4946980; +
0.001463CO
O3, p:1=21.90695 0.25 6.57 | 0.58 | 043
+0.294545WS - 3678 | 2062 | 2360 | 3808
0.462654T -
0.044088RH -
0.059333NO -
0.070086S0, +
0.204291NO, +
0.4799650; +
0.001679CO

Yohai | 1.0600

B. MM-estimation.

In MM-estimation approach, the influential outliers were
minimized for y-direction through the tuning of constant at 95%
level of efficiency. Besides, the outliers from x-space were
reduced by 25% from the breakdown value. Table 6 shows the
models and the performance indicators for Bisquare and Yohai
methods for next day prediction (D+1) of O3 concentration
level. The results indicated that, Bisquare method performs
better as a model compared to Yohai method, since the values
of IA and PA are higher than in Yohai method and the value of
NAE and RMSE are smaller than in Yohai method.

TABLE IIL DESCRIPTIVE OF O3 CONCENTRATION FOR THE PASIR TABLE V. PERFORMANCE INDICATORS FOR NEXT DAY (D+1)
GUDANG REGION PREDICTION OF O3 CONCENTRATION LEVEL
Pasir Gudang 0; Metho | T/Con Models NA RM IA PA
Mean 19.906 d stant E SE
: Bisqua | 4.685 O3, p:1=21.50252 0.25 6.57 | 058 | 043
M 19.250 :
edian 4 re +0.283241WS - | 3360 | 3392 | 8631 | 5059
Standard Deviation 7.759 0.039965RH -
Variance 60.209 0.058993NO -
Skewness 0.572 8?3%2;18\]%21
7 . 2
Kurtosis 0.584 0.4962850; +
Maximum 57.000 0.001442CO
Percentiles 95% 33.923 Yohai 1.0600 | Os, p+1=21.82301 0.25 6.57 | 058 | 043
Percentiles 99% 11154 +0.293819WS - 3711 | 4745 | 2747 | 3520
0.461138T -
A. S-estimation. 0.043761RH -
. . . 0.057916NO -
In order to reduce the influential outliers from x-space, the 0.071421S0,+
breakdown points for both Bisquare and Yohai were specified at 0.203102NO, +
11.93% and 13.48% respectively when the data approximately 0.4318710;+
normally are distributed at 95% level of efficiency. Table 5 0.001640C0O

shows the models and the performance indicators of using the
Bisquare and Yohai methods for next day prediction (D+1) of
O3 concentration level. The results have shown that, Bisquare
method has performed better than the Yohai method,
subsequently the values of IA and PA are higher than in Yohai
method and the value of NAE is smaller.

TABLE IV. PERFORMANCE INDICATORS FOR NEXT DAY (D+1)
PREDICTION OF O3 CONCENTRATION LEVEL
Metho | T/Con Models NA RM 1A PA
d stant E SE
Bisqua | 4.685 O3, p11=21.56716
re +0.280961 WS -

Selection of the best method. A comparison study to identify
the best method of predicting the level of O3 concentration was
carried out between the model developed by the ordinary least
square estimate and the best preformed model that is selected
from each S-estimation and MM-estimation. The results of the
comparison study for the next day prediction (D+1) in Pasir
Gudang region are presented in Table 7. It is clear from the
results presented in Table 8, that S-estimation using Bisquare
method preforms better than the other listed models, since the
rank sum of the performance indicators is the smallest.

TABLE VL SELECTION OF THE BEST METHOD



performance indicators between models’ verification and
models’ validation are close (Table 9).

TABLE VIII. PERFORMANCE INDICATORS OF THE MODEL
'VALIDATION AND MODEL VERIFICATION
Method Evaluatio NAE RMSE 1A PA
n
S Validation 0.25335 6.57206 | 0.58813 0.43508
(Bisquare) 5 8 5 8
: Verificatio | 0.27949 | 7.63668 0.62386 | 0.52824
D+1 n 7 4 7 2
S Validation 0.27385 6.92662 | 0.45930 | 0.30660
(Bisquare) 5 8 1 6
: Verificatio | 0.27618 | 8.27718 0.52725 | 0.41350
D+2 n 1 4 0 8
MM Validation 0.29386 | 7.33612 | 0.34451 0.22706
(Bisquare) 0 9 5 5
:D+3 Verificatio | 0.28981 8.66146 | 0.46139 | 0.34434
n 5 4 8 8

V. CONCLUSION

The paper showed that the proposed robust method is better
than the ordinary least square method. Previous research used
the approach of reducing the weightage for the influential
outliers in air pollution data. The average accuracies of the
proposed robust method are 0.5116 (D+1), 0.3830 (D+2) and
0.2858 (D+3), which are better than the ordinary least square
method in which the average accuracy is 0.5061 (D+1), 0.3806
(D+2) and 0.2811 (D+1). Moreover, the proposed robust
regression models showed the improvement from the ordinary
least square method, when the average accuracy for the D+1
model, D+2 model, and D+3 model has been increased by
0.94%, 0.56%, and 1.85% respectively. Therefore, these
proposed models could be implemented by different interested
parties including, the public health agencies, government,
citizen and the other authorities to take proactive action to avoid
the negative impact of O3 concentration.
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Metho | T/Con Models for Pasir NA RM 1A PA
d stant Gudang (D+1) E SE
OLS O3, ps1=22.425489 | 025 | 6.54 | 057 | 043
+0.205303WS - 3471 | 7462 | 6533 | 5650
0.432579T -
0.042338RH -
0.079944NO -
0.054896S0, +
0.187287NO, +
0.4609490; +
0.001810CO
S 4.685 05, p:1=21.56716 025 | 6.57 | 0.58 | 043
(Bisqu +0.280961 WS - 3355 | 2068 | 8135 | 5088
are) 0.461792T -
0.040229RH -
0.059840NO -
0.058701S0,+
0.197210NO, +
0.4946980; +
0.001463CO
MM 4.685 O35, p:1=21.50252 025 | 6.57 | 0.58 | 043
(Bisqu +0.283241WS - 3360 | 3392 | 8631 | 5059
are) 0.462100T -
0.039965RH -
0.058993NO -
0.058707S0,+
0.197262NO, +
0.49628505+
0.001442CO
TABLE VII.  PERFORMANCE INDICATORS RANKING OF ALL MODELS
FOR NEXT PREDICTION (D+1) IN PASIR GUDANG
Met Models for Pasir NA RM 1A PA Su
hod Gudang (D+1) E SE m
OL O3, pu = 22425489 + | 3 1 3 1 8
S 0.205303WS - 0.432579T
- 0.042338RH -
0.079944NO -
0.054896S0, +
0.187287NO, +
0.4609490; +
0.001810CO
S O3, py = 21.56716 + | 1 2 2 2 7
(Bis | 0.280961WS - 0.461792T
quar | - 0.040229RH -
e) 0.059840NO -
0.058701S0, +
0.197210NO, +
0.4946980; +
0.001463CO
MM | Os, b+ 21.50252 + | 2 3 1 3 9
(Bis | 0.283241WS - 0.462100T
quar | - 0.039965RH -
e) 0.058993NO -
0.058707S0, +
0.197262N0O, +
0.4962850; +
0.001442CO

C. Verification of the proposed Model.

A verifying procedure has been carried out to examine the
best model (to be used) obtained for each day of the prediction,
for the period of year 2013 and year 2014. The verification
procedure involved the comparison of four performance
indicators i.e. IA, RMSE, PA and NAE. This research results
show that, all the models selected for Pasir Gudang region have
a strong possibility to be used in 2013 and 2014 to predict the
level of O3 concentration for next day (D+1), next two days
(D+2) and next three days (D+3) when the values of
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