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Abstract 
 Air pollution is one of the major issues that has been affecting human health, agricultural crops, forest species and 
ecosystems. Since 1980, Malaysia has had a series of haze episodes and the worst ever was reported in 1997. As a result, the 
government has established the Malaysia Air Quality Guidelines, the Air Pollution Index (API) and Haze Action Plan, to 
improve the air quality. The API was introduced as an index system for classifying and reporting the ambient air quality in 
Malaysia. The API for a given period is calculated based on the sub-index value (sub-API) for all the five air pollutants, 
namely sulphur dioxide (SO2), nitrogen dioxide (NO2), ozone (O3), carbon monoxide (CO) and particulate matter below 10 
micron size (PM10). The forecast of air pollution can be used for air pollution assessment and management. It can serve as 
information and warning to the public in cases of high air pollution levels and for policy management of many different 
chemical compounds. Hence, the objective of this project is to fit and illustrate the use of time series models in forecasting 
the API in Shah Alam, Selangor. The data used in this study consists of 70 monthly observations of API (from March 1998 to 
December 2003) published in the Annual Reports of the Department of Environment, Selangor. The time series models that 
were being considered were the Integrated Autoregressive Moving Average (ARIMA) and the Integrated Long Memory 
Model (ARFIMA) models. The lowest MAE, RMSE and MAPE values were used as the model selection criteria. Between 
these two models considered, the integrated ARFIMA model appears to be the better model as it has the lowest MAPE value. 
However, the actual value of May 2003 falls outside the 95% forecast interval, probably due to emissions from mobile 
sources (i.e., motor vehicles), industrial emissions, burning of solid wastes and forest fires. 
 
 

Introduction 
Air pollution is one of the major issues that has been affecting human health, agricultural crops, forest species 
and ecosystems. Air quality monitoring is part of the initial strategy in the pollution prevention program in 
Malaysia. Since 1980, six major haze episodes were officially reported in Malaysia that is in April 1983, August 
1990, June 1991, October 1991, August to October 1994 and July to October 1997. The 1997 haze episode was 
the worst ever experience in the country [3]. As a result, the government has established the Malaysian Air 
Quality Guidelines, the Air Pollution Index (API) and the Haze Action Plan in an attempt to improve the air 
quality.  
 
There are possible health effects of exposure to air pollution. Recent studies have examined possible health 
effects of the 1997 forest fires. For example, respiratory disease outpatient who visited the Kuala Lumpur 
General Hospital increased from 250 to 800 per day and the data assembled indicated an increase in cases of 
asthma, acute respiratory infection, and conjunctivitis [1]. A study conducted by Nasir et al. [8] suggested that in 
the 1997 haze episode the total health effects were estimated to include 285,227 asthma attacks, 118,804 cases of 
bronchitis in children, 3889 cases of chronic bronchitis in adults, 2003 respiratory hospital admission, 26,864 
emergency room visits and 5,000,760 restricted activity days. In addition, among the five pollutants, ozone was 
demonstrated to cause stress to the skin. It possesses a strong oxidizing potential and is therefore very reactive to 
the affected part [7]. Blockage of sunlight may also promote the spread of harmful bacteria and viruses that 
would otherwise be killed by ultraviolet B. Components of smoke haze, including polycyclic aromatic 
hydrocarbons known as carcinogens are also potentially dangerous and their effects may not be apparent for 
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years. The consequences may be more severe to children, for whom the particulates inhaled are high relative to 
their body size [4]. 
 
Since 1996, the National Environmental Research Institute [9], Denmark, has developed a comprehensive and 
unique integrated air pollution forecasting model system, called the THOR system. The system has been used to 
forecast the air pollution from accidental releases such as power plants, industrial sites and natural or human 
made fires. Dominici et al. [6] studied on the improved semi-parametric time series models of air pollution and 
mortality.  
 
Clearly then from the above discussions, the modelling and ability to forecast API in Malaysia can be useful to 
many organisations like Environmental Agencies, Medical Research Institutes, Hospitals, etc. and the public at 
large. Therefore, the objective of this research is to model the API time series data in Shah Alam, Selangor so 
that such a model may be able to provide somewhat an estimate of the future API values. 
 

Methodology 
The Data Set 
The Air Pollution Index (API) was introduced as an index system for classifying and reporting the ambient air 
quality in Malaysia. The API for a given period is calculated based on the sub-index value (sub-API) for all the 
five air pollutants, namely sulphur dioxide (SO2), nitrogen dioxide (NO2), ozone (O3), carbon monoxide (CO) 
and particulate matter below 10 micron size (PM10) which are included in the Malaysia API system. The API 
reference value has been based on the Malaysia Ambient Air Quality Guidelines (MAQG) of 1989 as shown in 
Table1 [2]. 

Table 1:  API and Health Effect 
API readings Alert level Health Effect Descriptor 

0-50 No alert Good 
51-100 No alert Moderate 
101-150 Early alert Unhealthy 
151-200 Early alert Unhealthy 
210-300 On alert Very unhealthy 
301-500 Warming Hazardous 

>500 Emergency Hazardous 
 
Alam Sekitar Malaysia Berhad (ASMA) is a company that monitors the ground level ambient air continuously 
24 hours a day. ASMA is responsible to install, operate, and maintain a network of 50 continuous air quality 
monitoring stations throughout Malaysia for the Department of Environment, DOE [7]. 
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Figure 1: The time series plot of the monthly API data observed at the Shah Alam  
monitoring station from March 1998 to December 2003 
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The data used in this study consists of 70 monthly observations of API (from March 1998 to December 2003) 
published in the Annual Reports of the Department of Environment, Selangor [10]. The time series plot of API is 
shown in Figure 1.  

 
Time Series Modelling Procedure 
For the purpose of time series modelling in this study, the first 58 observations (March 1998 to December 2002) 
were used to fit the ARIMA and integrated ARFIMA models while the subsequent 12 observations (from 
January 2003 to December 2003) were kept for the post sample forecast accuracy check.  
 
A brief description of the time series models and definitions used in this study are as follows. A stationary 
ARMA (p, q) model is defined as a sequence of random variables { }tX , given by  

qtqttptptt ZZZXXX −−−− +++=−−− θθφφ      1111 LL  

where { }tZ  is a sequence of uncorrelated random variables with zero mean and constant variance, denoted as 

{ } ( )2  ,0 ~ σWNZt , [5]. 

A process { }tX  is called an ARIMA (p, d, q) process [5] if d is a nonnegative integer such that ( ) t
d XB−1  is 

a causal ARMA (p, q) process.  The ARIMA (p, d, q) processes satisfies the difference equation of the form  
( ) ( )( ) ( ) tt

d
t ZBXBBXB θφφ =−≡∗ 1 , { } ( )2  ,0 ~ σWNZt , 

where ( )zφ  and ( )zθ  are polynomials of degrees p and q respectively, and ( ) 0≠zφ  for 1 ≤z . The ( )z∗φ  

has a zero of order d at 1=z .  The process { }tX  is stationary if and only if 0=d , in which case it reduces 
to an ARMA (p, q) process. 
 
A long memory process [5] or a fractionally integrated ARMA, ARFIMA (p, d, q) processes with 

5.0 0 << d  is a stationary process with much more slowly decreasing autocorrelation function ( )kρ  at lag 

k as ∞→k  which satisfies the property of ( ) 12~ −dCkkρ .  The ARFIMA processes satisfy the difference 
equation of  

( ) ( ) ( ) tt
d ZBXBB θφ =−1 , where { } ( )20, ~ σWNZ t ,  

( ) p
p zzz φφφ −−−= ...1 1  satisfying ( ) 0≠zφ  and  

( ) q
q zzz θθθ +++= ...1 1 , satisfying ( ) 0≠zθ   

for all z such that 1 ≤z , and B is the backward shift operator.  The operator ( )dB−1  is defined by the 
binomial expansion of  

( ) ∑
∞

=

=−
0

1
j

j
j

d BB π  with 10 =n  and ∏
≤<

−−
=

jk
j k

dk
0

1π  for 0=j , 1, 2, …. 

 
For the purpose of this study, we let { }tY  be the time series that represents the API and { }ty  be the observed 

time series. Since there is a gradual decrease in level of { }ty , we differenced the series at lag 1 to obtain a new 

series that is more or less constant in its level and this we denote it by { }tX .  To this { }tX , we fitted an 
ARMA (p, q) process. The entire process of model fitting was done using the computer software “ITSM 2000, 
version 7.0”, [5]. 
 
The criteria chosen to measure the accuracy of the forecast in this study are the mean absolute error (MAE), the 
root mean squared error (RMSE) and the mean absolute percentage error (MAPE) are given below. 
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where ix  and ix̂  are the actual observed values and the predicted values respectively while n is the number of 
predicted values. 
 

Results 
In this section, we present the results of the study. 
Let { }tY  be the API and tt YX ∇=  where { }tX  is an ARMA (p, q) process. The best model fitted based on 
the AICC criterion that is given as follows: 

321321 7764.0772.1771.11976.06656.0047.1 −−−−−− −+−+−−= tttttttt ZZZZXXXX  

where { } ( )027020.0,0~ WNZt . 
 
The monthly forecast results of the API values using the ARIMA (3, 1, 3) model for the year 2003 are shown in 
Table 2. 
     

Table 2:  Forecasts of the API values from January 2003 to December 2003  
using the ARIMA (3, 1, 3) model 

Month Actual Forecast 95% Confidence Interval 
January 62 61.23 (44.36, 84.50) 

February 62 63.20 (45.25, 88.27) 
March 56 65.61 (44.43, 96.88) 
April 57 66.76 (43.81, 101.73) 
May 143 65.70 (42.73, 101.04) 
June 83 63.20 (41.08, 97.22) 
July 70 60.93 (39.60, 93.73) 

August 70 60.18 (39.03, 92.79) 
September 36 61.15 (39.08, 95.68) 

October 43 62.96 (39.12, 95.68) 
November 49 64.17 (38.88, 105.92) 
December 59 63.81 (38.23, 106.52) 

 
In Figure 2, the graph of the predicted values given by the ARIMA (3, 1, 3) model and the actual values of the 
API, together with their 95% forecast intervals are shown. We note that the actual API values fall within the 
95% confidence interval. 
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Figure 2: Graph of the API values with 12 predicted values of the ARIMA (3, 1, 3) model and the actual values 

from January 2003 to December 2003 
 
For ARFIMA modelling, again, we let { }tY  be the API and tt YX ∇=  where { }tX  is now an ARFIMA (p, 
d, q) process given by, 

( ) 21
5.0 3578.0001520.01 −−

− +−=− tttt ZZZXB , 

where { } ( )036980.0,0~ WNZt . 
 
The monthly forecast results of the API values using the integrated ARFIMA (0, −0.5, 2) model for the year 
2003 are shown in Table 3. 
 

Table 3:  Forecasts of the API values from January 2003 to December 2003 
using the integrated ARFIMA (0, −0.5, 2) model 

Month Actual Forecast 95% Confidence Interval 
January 62 59.18 (33.60, 85.98) 

February 62 58.56 (30.31, 87.25) 
March 56 58.53 (25.18, 92.55) 
April 57 58.13 (22.56, 94.44) 
May 143 57.70 (20.60, 95.52) 
June 83 57.26 (19.00, 96.22) 
July 70 56.84 (17.63, 96.71) 

August 70 56.44 (16.41, 97.05) 
September 36 56.05 (15.31, 97.29) 

October 43 55.68 (14.31, 97.46) 
November 49 55.32 (13.38, 97.58) 
December 59 54.97 (12.51, 97.65) 

 
Figure 3 shows the predicted values given by the integrated ARFIMA (0, −0.5, 2) model and the actual values of 
the API, together with their 95% forecast intervals. The actual API values all fall within the 95% forecast 
intervals. 
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Figure 3: Graph of the API values with 12 predicted values of the integrated  
ARFIMA (0, −0.5, 2) model and the actual values from January 2003 to December 2003 

 
In Table 4, the MAE, MAPE and RMSE values of the ARMA (3, 1, 3) and the integrated ARFIMA (0, −0.5, 2) 
models are shown. 
 

Table 4: The MAE, MAPE and RMSE values of the ARMA (3, 1, 3) and the integrated 
ARFIMA (0, −0.5, 2) models 

Model MAE RMSE MAPE 
ARIMA (3, 1, 3) 16.786 25.821 24.70% 

ARFIMA (0, −0.5, 2) 15.896 27.299 20.86% 
 
The MAE and MAPE values of the integrated ARFIMA (0, −0.5, 2) model are smaller when compared to those 
of the ARIMA (3, 1, 3) model. The RMSE value for ARIMA (3, 1, 3) is found to be smaller than the ARFIMA 
(0, −0.5, 2) model. The actual API value for May 2003 falls outside the 95% forecast intervals when forecasting 
using both the ARIMA (3, 1, 3) and ARFIMA (0, −0.5, 2) model.  The ARIMA (3, 1, 3) model seem to be 
unable to forecast well as the actual API value for September 2003 is also found to be below the 95% lower 
bound of the forecast interval. 
 

Conclusion 
Based on this data set, the integrated ARFIMA model appears to have a slightly better forecasting performance 
compared to that of the ARIMA although both models are unable to forecast all values within the 95% forecast 
interval.  
 
The actual API value of May 2003 which falls outside the 95% upper bound of the forecast interval may be due 
to the emissions from mobile sources like motor vehicles, industrial emissions, burning of solid wastes and forest 
fires. As such, factors which could affect the API should be taken into consideration in modelling of API for a 
better forecast ability as the modelling processes in this project were done based on the data of API only. 
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