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Abstract 

The study of air quality is closely associated to air pollution. Air pollution is of 

the main concerns of the authority in view of the fact that it can generate 

damaging effects to human health, crops and environment. This paper assesses 

the use of Extreme Value Distributions (EVD) of the two-parameter Gumbel, 

two and three-parameter Weibull, Generalized Extreme Value (GEV) and two 
and three-parameter Generalized Pareto Distribution (GPD) on the maximum 

concentration of daily PM10 data recorded in the year 2010 - 2012 in Pasir 

Gudang, Johor, Bukit Rambai, Melaka and Nilai, Negeri Sembilan. Parameters 

for all distributions were estimated using the method of Maximum Likelihood 

Estimator (MLE). The goodness-of-fit of the distribution was determined using 

six performance indicators namely; the accuracy measures which include 

Prediction Accuracy (PA), Coefficient of Determination (R2), Index of 

Agreement (IA) and error measures that consist of Root Mean Square Error 

(RMSE), Mean Absolute Error (MAE) and Normalized Absolute Error (NAE). 

The best distribution was selected based on the highest accuracy measures 

which are close to 1 and the smallest error measures. The result showed that the 
Generalized Extreme Value (GEV) distribution was the best fit for daily 

maximum concentration for PM10 for all monitoring stations. The GEV gave 

the smallest errors (NAE, RMSE and MAE) and the highest accuracy measures 

(PA, R2 and IA) when compared to other distributions. The method gave the 

accuracy of more than 98% in PA, IA and R2 for all stations. The analysis 

demonstrated that the estimated numbers of days in which the concentration of 

PM10 exceeded the Malaysian Ambient Air Quality Guidelines (MAAQG) of 

150 µg/m3 were between ½ and 2 days. 

Keywords: Extreme Value Theory, PM10, air pollution, prediction. 
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1.  Introduction 

The study of air quality is closely associated with air pollution. Air pollution is a 

universal term that refers to the presence of air pollutants in the form of gaseous, 

liquid or fine particles suspended in air. One of the concerns of the air pollution 

studies is to compute the concentrations of one or more types of pollutants in 

space and time in relation to the independent variables, for instance emissions into 

the atmosphere, meteorological factors and parameters. The Extreme Value 

Theory (EVT) is one of the most significant statistical disciplines developed for 

the last few decades for the applied sciences and many other disciplines. The most 

key feature of this analysis tool is to compute the unusual or rare (extremes) 

events such as the minimum or the maximum concentrations, exceedances or 

 

Nomenclatures 
 

n Number of observed data 

te  Forecast error, tt PO −  

tO  Observed data 

O  Mean of observation 

tP  Predicted data 

P  Mean of predicted data 

Oσ  Standard deviation of Observed data 

Pσ  Standard deviation of Predicted data 

  
 

Greek Symbols 

µ  Location parameter 

σ Scale parameter 

λ Shape parameter 

Σ Summation of the expression 

  
 

Abbreviations 

EVD Extreme Value Distribution 

EVT Extreme Value Theory 

GEV Generalized Extreme Value 

GPD Generalized Pareto Distribution 

PM10 Particulate Matter of diameter less than 10 micrometre 

MLE Maximum Likelihood Estimator 

PA Prediction Accuracy 

R
2
 Coefficient of Determination 

IA Index of Accuracy 

RMSE Root Mean Square Error 

NAE Normalized Absolute Error 

MAE Mean Absolute Error 

MAAQG Malaysian Ambient Air Quality Guideline 

µg/m
3
 Microgram per cubic metre 

CDF Cumulative Distribution Function 
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frequencies of the data [1]. Various studies in different fields have been published 

for the last couple of years in the applications of the EVT, for example 

operational risk management [2], Volatile Organic Compound exposures [3], 

future markets [4], calculation of capital requirement [5], wind speed [6, 7], wave 

heights [8] and storm [9]. Studies involving natural phenomena such as rainfall, 

floods, wind speed air pollution, the height of sea waves and corrosion have been 

of great interest to researchers and scientists for a long period of time [10, 11]. 

A widely used method for assessing and estimating the concentrations of air 

pollution is the Extreme Value Distribution (EVD) [11-20]. In Malaysia, among 

the studies on air pollution concentrations were that of refs [21, 22]. 

The study on extreme concentrations is of the concerns of the researchers 

because the exposure of particulate matter on a higher scale may affect health of 

sensitive groups such as children, the elderly and individuals with asthma or 

cardiopulmonary diseases [23, 24]. In addition, it may pose undesirable impact on 

the environment. It is said to be the major cause of reduced in visibility, resulting 

in foggy conditions particularly during the dry season [25] 

In view of the fact that it can generate damaging effects to human health, 

crops and environment [26], this study is carried out to attain the best model to 

predict PM10 concentration level in Pasir Gudang, Johor; Bukit Rambai, 

Melaka; and Nilai, Negeri Sembilan which are all located in the Southern region 

of west coast Malaysia. This study uses six EVDs to fit the distribution of PM10. 

Parameters for all distributions are estimated using the method of Maximum 

Likelihood Estimator (MLE).  

 

2.  Methodology 

2.1.  Study area 

The daily maximum data of PM10 from January 2010 to December 2012 was 

furnished by the Department of Environment, Malaysia. The data was collected 

through a continuous monitoring by Alam Sekitar Sdn. Bhd. (ASMA) from three 

monitoring stations in the Southern region of west coast Peninsular Malaysia. 

Figure 1 illustrates the three monitoring stations - Pasir Gudang, Johor, Bukit 

Rambai, Melaka and Nilai, Negeri Sembilan which are classified under industrial 

by Department of Environment, Malaysia [27]. 

All the Pasir Gudang, Bukit Rambai and Nilai monitoring stations are situated 

at Sek. Men. Pasir Gudang 2, Pasir Gudang, Johor (N01°28.225, E103°53.637), 

Bukit Rambai, Melaka (N02°15.924, E102°10.554) and Taman Semarak (Phase 

II), Nilai, Negeri Sembilan (N02°49.246, E101°48.877) respectively. 

Geographically, all the monitoring stations are strategically located in the rapid 

growth industrial areas resulting in large amount of air pollution [28-30]. In 

addition, the southern part of Peninsular Malaysia is prone to the trans-boundary 

smoke from forest fires from the Sumatera regions which contributed to the 

higher PM10 concentrations. It general, the air quality in the southern region of 

Malaysia was in between of good and moderate except for a few of unhealthy 

days recorded in 2010 - 2012 [27, 31].  
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Fig. 1. Location of continuous air quality                                                     

monitoring stations in Peninsular Malaysia (source: [32]). 

 

The analysis of data with the absence of missing values was completed using a 

programming language for numerical computation, visualization, and 

programming package for engineers called MATLAB® [33]  

 

2.2.  Probability distribution and parameter estimators 

This research undertaken the analysis of PM10 data using the EVDs, namely: 

Gumbel [10], two and three-parameter Weibull [34], Generalized Extreme Value 

(GEV) [35] and two and three-parameter Generalized Pareto Distribution (GPD) 

[35, 36]. All the parameters of the distributions were estimated using the method 

of MLE. Table 1 depicts the Probability Density Function (PDF) of the EVDs and 

the parameter estimators of each EVD. 

 

2.3. Performance indicators 

This study used six performance indicators to select the best distribution to 

represent the data. The accuracy measures are the prediction accuracy (PA), 

Coefficient of Determination (R
2
) and Index of Agreement (IA). The accuracy 

value is between 0 and 1 and as the value approaches 1, the model is appropriate. 
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On the other hand, as the value of error measures approaching 0, the model is 

deemed to be the best model. The error measures used in this study were the Root 

Mean Square Error (RMSE), the Normalized Absolute Error (NAE) and the Mean 

Absolute Error (MAE). Table 2 lists the performance indicators and their 

formulae used in this study. 

Figure 2 depicts the flow of methodology in the process of obtaining the best 

distribution to predict the numbers of days with concentrations above 150µg/m
3
.  

 

Table 1. Probability density function (PDF) and its parameter estimators. 
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Fig. 2. Flow of methodology. 

Statistical data 

Data selection : Daily Maximum 

Classical Distribution (EVD) : 

 1. 2-Gumbel 

 2. 2 and 3-Weibull 

 3. GEV 

 4. 2 and 3-GPD 

Performance Indicators 

Accuracy Measures 

1.R
2
 

2.PA 

3.IA 

Error Measures 

1. RMSE 

2. NAE 

3. MAE 

Parameter Estimations : MLE 

Determination of the best 

distribution 

Data selection : Daily Maximum 

CDF plotting and determining the 

occurrence of concentrations 

above 150µg/m
3
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2.4.  Data 

Table 3 describes the descriptive statistics of PM10 concentration for the 

monitoring stations. The unit of measurement is microgram per cubic metre 

(µg/m3). All the three average readings of the PM10 concentrations were slightly 

above the stipulated Malaysian Ambient Air Quality Guidelines (MAAQG) for 

the yearly average of 50 µg/m3 [38] with the Bukit Rambai station’s average 

recorded slightly above the average of other stations. All the data from the three 

stations were skewed to the right - above 1, an indication of the existence of the 

extreme concentrations during 2010 - 2012.  

 

Table 3. Descriptive statistics of the PM10 data. 

 Pasir Gudang Bukit Rambai Nilai 

N Valid 1096 1093 1095 

Missing 0 3 1 

Mean 55.3887 66.4437 66.0192 

Median 52.0000 64.0000 62.0000 

Std. Deviation 18.61816 17.65014 19.03342 

Variance 346.636 311.527 362.271 

Skewness 1.623 1.018 1.260 

Kurtosis 6.023 2.169 2.731 

Minimum 22.00 28.00 27.00 

Maximum 192.00 148.00 160.00 

Percentiles 50 52.0000 64.0000 62.0000 

75 64.0000 76.0000 76.0000 

95 90.0000 98.0000 102.0000 

The trend of annual average of PM10 concentrations in 2010 - 2012 showed 

that the levels exceeded the MAAQG for the yearly average of 50µg/m
3
 as 

illustrated in Fig. 3.  

 
Fig. 3. Annual average concentrations                                                                             

of PM10 by monitoring stations, 2010 - 2012. 
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Figure 4 demonstrates the time series plot of PM10 concentrations. In general, 

the country experienced high concentrations of PM10 during the second and third-

quarter of the year as a result of trans-boundary smoke from the forest fire in 

Sumatera region during dry season from May to September. In 2010, the air 

quality in the Southern part of Peninsular Malaysia particularly in Johor, Melaka 

and Negeri Sembilan deteriorated and recorded the increase in PM10 

concentrations [27, 31, 38].  

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

Fig. 4. Time series plot of PM10 concentrations in µµµµg/m
3
 for                           

(a) Pasir Gudang, (b) Bukit Rambai and (c) Nilai. 

 

3.  Results and Discussion 

Table 4 lists the estimates for the location parameter,µ, scale parameter, σ and shape 

parameter, λ for all distributions using the MLE and their performance indicators.  

Based on performance indicators, the distributions were then ranked. The best 

distribution was selected based on the highest accuracy measures and the smallest 



The Malaysia PM10 Analysis Using Extreme Value      1569 

 

 
 
Journal of Engineering Science and Technology   December 2015, Vol. 10(12) 

 

error measures. It is significant to note that for all the three stations under 

consideration, the best distribution was the GEV distribution. 

 

Table 4. Parameter estimates and performance indicators. 

Stations Distributions 
Performance Indicators The best 

dist. 
NAE PA R2 RMSE IA MAE 

Pasir 

Gudang 

2-Gumbel 
µ 65.74 

0.283 0.850 0.721 25.789 0.786 15.649 

GEV 

σ 29.44 

2-Weibull 
σ 61.75 

0.071 0.963 0.925 5.669 0.979 3.946 
λ 2.94 

3-Weibull 

µ 20.91 

0.265 0.980 0.959 15.117 0.872 14.649 σ 38.98 

λ 1.96 

GEV 

µ 46.94 

0.013 0.993 0.985 2.264 0.996 0.707 σ 13.60 

λ 0.04 

2-GPD 
σ 67.95 

1.376 0.584 0.341 353.337 0.111 76.211 
λ -0.35 

3-GPD 

µ 22.00 

0.354 0.974 0.946 27.008 0.795 19.631 σ 67.95 

λ -0.35 

Bukit 

Rambai 

2-Gumbel 
µ 75.99 

0.151 0.890 0.791 16.760 0.870 9.997 

GEV 

σ 22.79 

2-Weibull 
σ 73.15 

0.057 0.972 0.942 4.955 0.982 3.800 
λ 3.75 

3-Weibull 

µ 25.38 

0.334 0.959 0.917 22.712 0.738 22.165 σ 46.29 

λ 2.44 

GEV 

µ 58.80 

0.014 0.995 0.989 1.750 0.998 0.934 σ 14.66 

λ -0.05 

2-GPD 
σ 93.98 

5.799 0.203 0.041 6616.86 0.002 385.282 
λ -0.63 

3-GPD 

µ 28.00 

0.341 0.964 0.928 28.979 0.758 22.658 σ 93.98 

λ -0.63 

Nilai 

2-Gumbel 
µ 76.49 

0.183 0.868 0.752 19.808 0.849 12.059 

GEV 

σ 25.40 

2-Weibull 
σ 73.05 

0.070 0.964 0.927 5.882 0.978 4.601 
λ 3.44 

3-Weibull 

µ 24.87 

0.314 0.971 0.940 21.245 0.786 20.755 σ 46.50 

λ 2.27 

GEV 

µ 57.56 

0.013 0.993 0.984 2.327 0.996 0.823 σ 14.71 

λ 0.00 

2-GPD 
σ 90.48 

3.732 0.251 0.063 3233.06 0.006 246.374 
λ -0.56 

3-GPD 

µ 27.00 

0.342 0.964 0.927 28.956 0.778 22.579 σ 90.48 

λ -0.56 
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(a) 

 

(b) 

 
(c) 

Fig. 4. Cumulative Distribution functions (CDF) of GEV for  

(a) Pasir Gudang, (b) Bukit Rambai and (c) Nilai. 
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The Cumulative Distribution Functions (CDF) of the GEV distribution for all 

three monitoring stations are presented in Fig. 4. From this figure, the probability 

of the concentrations exceeding the levels of MAAQG of 150 µg/m
3
 was 

estimated. For Pasir Gudang, the probability was 0.0014 (F(x)<150 = 0.9986). 

The estimated number of days in which PM10 concentrations exceeded MAAQG 

was 0.0014 x 1096 days = 1½ days. In the case of Bukit Rambai, the probability 

was 0.0005(F(x)<150 = 0.9995). The predicted number of unhealthy days was 

0.0005 x 1096 days = ½ days. As for Nilai, the probability was 0.0019 (F (x)<150 

= 0.9981). The estimated number of unhealthy days for three years were 0.0019 x 

1096 = 2 days. 

 

Table 5. Comparison of estimated and actual numbers of unhealthy days.  

Stations 
Predicted no. of unhealthy 

days 

Actual no. of 

unhealthy days 

Pasir Gudang 1½  4 

Bukit Rambai ½ 0 

Nilai 2 3 

  

4.  Conclusion 

This paper discussed the probability and the numbers of days of the extreme 

concentrations which exceeded the permitted value of PM10 concentrations of 

150µg/m
3
 in three monitoring stations in the west coast of Peninsular Malaysia. 

The MLE was used to estimate the parameters of six distributions under 

consideration, namely: Gumbel, 2 and 3-parameter Weibull, GEV and 2 and 3-

parameter GPD. All the daily maximum data without missing values from 2010 - 

2012 were used to analyse the efficiency of the six distributions using two 

performance indicators, error measures and accuracy measures. The analyses of 

three accuracy measures, namely PA, R
2
 and IA and three error measures - NAE, 

RMSE and MAE were acquired to indicate the efficiency or the performance 

indicators of the distributions. 

The descriptive statistics showed that the mean concentrations of the three 

stations exceeded the MAAQG level for the hourly average of 50µg/m
3
 with the 

maximum reading recorded in Pasir Gudang. In general, the country 

experienced the high concentrations of the PM10 during the second and third-

quarter of the year as a result of trans-boundary smoke from the forest fire in 

Sumatera region during dry season from May to September as demonstrated in 

the three years’ PM10 concentrations data. Six EVDs were compared and it 

showed that the GEV distribution was the most appropriate distribution for 

daily maximum density of PM10 for all the monitoring stations under study. The 

GEV gave the smallest errors (NAE, RMSE and MAE) and the highest 

accuracy measures (PA, R
2
 and IA) when compared to the other distributions. 

The method gave the accuracy of more than 98% in PA, IA and R2 for all 

stations and the smallest errors.  

The CDF of observed PM10 and the predicted values obtained from the 

GEV were fitted and the predicted numbers of days were calculated. The 

analysis shows that the numbers of days of which the concentrations of PM10 

exceeded MAAQG were very minimal in these stations. In general, the air 
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quality in the southern region of Malaysia where the three stations are located 

was in between of good and moderate except for a few of unhealthy days 

recorded in 2010 - 2012. 

To conclude, the GEV had an advantage over the other distributions since it 

provides better performance indicators in estimating the number of days that 

exceeded the specified levels of MAAQG of 150 µg/m3 for daily concentrations. 

In the study of air pollutions, the researchers focused on the high concentrations 

of pollutants as it was detrimental to human health. The GEV may be used to 

predict the exceedances of future extreme concentrations of PM10 and hence, it 

may help the policy makers in the respective field to plan suitable measures to 

curb the occurrence of PM10 extreme concentrations and eventually may reduce 

the effects on human health.  
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