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ABSTRACT 

This research demonstrated the procedures in choosing the best model in forecasting the water quality index 
(WQI) in Manjung River and its tributaries using multiple regressions. Six independent variables which are the water 
quality parameters and WQI as the dependent variable were included in this data set. The Multiple Regression (MR) 
models were involved is the first-order interaction with 57 possible models were considered. In this research, the process of 
getting the best model from the total of 57 possible models had been shown. The backward elimination of variables with 
the highest p-value was engaged to get the selected model. The best model includes using the first order interaction with 
variables of (DO, COD, BOD, SS, AN and pH). The best model obtains then been verified by the Mean Absolute 
Percentage Error (MAPE) calculation to quantify the models' relative overall fit.  
 
Keywords: first-order interaction, multiple regression, water quality index, eight selection criteria. 
 
INTRODUCTION 

Water pollution is one of the most critical 
environmental issues in Malaysia and the situation will 
tend to worsen in the future unless proper preventive 
measures are undertaken. Water and land based activities 
such maritime industrial activities, conventional types of 
farming and mining are affecting the quality of local 
rivers, lakes, streams and also groundwater. Pollutants 
may come from point and non-point sources, for example, 
farms waste product can increase the concentration of 
nutrients in water which may cause eutrophication such as 
algae bloom. Other industrial activities, marine or land 
based can increase the concentrations of metals and toxic 
chemicals, suspended solids and temperature. Highly 
polluted waters may lower the amount dissolved oxygen 
needed for the survival of the ecosystem and also making 
the water unusable to the public [13]. 

As study proved by Environmental Section 
(1977) 42 tributaries in Peninsular Malaysia has been 
categorized as very polluted. Until the year 1999, DOE 
confirmed there were about 13 polluted tributaries all over 
Malaysia with 36 polluted rivers due to human activities 
such as agricultural farming, construction projects and 
heavy industries at the tributaries [6]. [18] also concluded 
that there were only 48 clean rivers in 1990 compared to 
only 32 rivers in 1999 that could still be categorized as 
clean or not polluted.. 

There are various definitions of what is water 
quality index. As stated by [19] it is simply a single 
numeric expression that interprets complex information 
obtained from any body of water, mostly related to water 
quality.  The type and number of parameters that can be 
included in a WQI model varied depending on the 
designated water uses and local government preferences. 
Some of the frequently used factors worldwide include but 
not restricted to are DO, pH, BOD, COD, total suspended 

solid (TSS), coli form bacteria, temperature, nutrients 
(nitrogen and phosphorus) and etc.[7].  

The main objective of a water quality index is to 
compile complex data of the any body of water into useful 
and understandable information to the mass public and 
also to the government as the ultimate policy maker [22]. 
It is a lot similar to the air quality index which shows 
whether the air quality is healthy or unhealthy. The use of 
an index to "grade" water quality is a controversial issue 
which is argued among water quality scientists. [11] 
debated that it is impossible for a single number to explain 
water quality as there are many other water quality 
parameters that are excluded in the index. Unlike the air 
quality index which aims directly to the public health such 
as respiratory illnesses, the water quality index on the 
other hand gives general information on the conditions of 
the body of water in the particular area and the levels of 
pollutions it is facing which may affect the public in the 
long run [2]. 
The objectives of the study are: 
a) To identify the main parameter that has a significant 

contribution in the WQI at Manjung River. 
b) To determine the best first order interaction multiple 

regression model to predict WQI. 
 
METHODOLOGY 
 
Scope of study 

The study on WQI is focused along the Manjung 
river basin and its main tributaries. The tributaries which 
are identified in the study are connected directly to the 
main river. A total of six sampling stations were proposed 
and identified to measure the water quality in that area 
using latitude and longitude points derived from Google 
maps. The area of study is selectively chosen to produce 
varying results, according to the activities of that particular 
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area. The latitude and longitude of these sampling stations 
are listed in Table-1. 

 
 

 
Table-1. Location of water sample taken along the Manjung river basin and its tributaries. 

 

 
 
Data collection 

The data analysis of this study was taken as a 
secondary data from a water sampling research of 
Manjung River. It was taken along the Manjung river 
basin at 6 sampling stations with five times of frequency 
for both tides (study period is within July 2012 and 
November 2012). Each parameter was analyzed based on 
the Water Quality Standard and Regulation in Malaysia.  

Among that information are the 6 variables that 
are taken as the independent variables. They are: 
1. SI-Sub index of parameter 
2. DO-Dissolve Oxygen 
3. BOD-Biological Oxygen Demand 
4. COD-Chemical Oxygen Demand 
5. AN-Ammonical Nitrogen 
6. TSS-Suspended Solid 
7. pH-Salinity 

 
All of these data are quantitative in nature. DO 

and pH were done in situ whereas BOD, COD, AN  and 
SS were done in situ and laboratory tested in Universiti 
Teknologi PETRONAS (UTP) laboratories. Each of these 
independent variables is represented by X1 until X6 with 
43 variables for each data. These data are summarized in 
the table below. 

 
STATISTICAL ANALYSIS 

 
Multiple regression (MR) models with interaction 

Multiple Regression (MR) is utalized to represent  
(predict) the variance in an interval dependent, based on 
linear combinations of interval, dichotomous, or dummy 
independent variables [9]. MR can establish that a set of 
independent variables explains a proportion of the 
variance in a dependent variable at a significant level 
(significance test of R2), and can establish the relative 
predictive importance of the independent variables 
(comparing beta weights). Interaction effects are 
sometimes called moderator effects because the interacting 
third variable which changes the relation between two 
original variables is a moderator variable which moderates 
the original relationship.  The impact of one variable 
depends on the level of the other variable when an 
interaction is present. One adds interaction terms to the 

model as cross products of the standardized independents 
and/or dummy independents, typically placing them after 
the simple "main effects" independent variables. The idea 
of multiple effects should be studied in research rather 
than the isolated effects of single variables is one of the 
important contribution of Sir Ronald Fisher [15]. The 
interpretation of individual variables can be incomplete or 
misleading due to the presence of interaction effects. The 
specific MR model that has been explained by [12] can be 
stated as follows: 
 

    (1) 
 

where X is the random variable representing the 
ith value of the DV, Y. Thus, X1i, X2i…Xki are the ith value 
of IV for i = 1, 2 ... n. 
 

Table-2. Description of variables involved in the model. 
 

 
 
MODEL FINDINGS 
 
All possible models 

In the construction of the MR models for this 
dataset, WQI would be the DV noted by Y whereas DO 
(X1), BOD (X2), COD (X3), AN (X4), SS (X5) and pH (X6) 
would be the Independent Variables (IV). All possible 
models, N can be calculated by using the formula: 
 

        (2) 
 

The number of possible models generated is 
denoted by N, q is the number of variables and j = 1, 2... q. 
For this research, q = 6. Therefore, the number possible 
models are: 
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  (3) 
 

Table-3. Generated possible models. 
 

 
 

Selected model 
Phase 2 is the selected model. It consists of the 

multicollinearity test and the coefficient test. 
Multicollinearity is defined as the intercorrelation of the 
sample independent variables or (IV). It is basically a test 
applied to the all possible model by removing 
multicollinearity sources occurred in each models. 
Multicollinearity exist if the correlation coefficient is 
greater than 0.95. Zainodin-Noraini multicollinearity 
remedial procedures had been adopted and details are 
explained in [3]. Pearson correlation analysis proves that 
there is a presence of multicollinearity between IV's in 
M81 and one variable (X12) have been removed from the 
models (M81.1.0). 

Following the multicollinearity test, the 
coefficient test is carried out. The coefficient test on the 
other hand is used to test the coefficient of the 
corresponding variables and variables which are 
insignificant are eliminated as explained by [14]. To 
validate the elimination of the unuseful variable, Wald test 
[15] should be carried out to the possible models upon the 
end of all the removal procedure of insignificant variables. 
In this step, two irrelevant variables have been abolished 
from the model M81.1.0. At the end of this phase, only 
three variables have been left in the model (model 
M81.1.2) Table-4 shows the entered variable before the 
elimination procedure and the remaining variable after the 
removal of insignificant variables. 
 

Table-4. Model 81.1.0 with entered variable before elimination procedure of insignificant variables and model M81.1.2 
with remaining variable after elimination procedure of insignificant variables. 

 

 
 
Eight selection criteria (8SC) 

Recognition of the best model should be based on 
8SC as shown in [1]. The aim is to define a model with the 
smallest value of a criterion statistic. The calculation of 
the criterion statistics will be based on the Sum of Square 
Error (SSE), number of estimated parameters and the 
sample size.in Table-5.  

From 192 possible models generated during first 
phase, only 57 models have been selected with the same 

SSE value and the number of model parameter. They are 
grouped together where any models from this group can be 
the selected models. The best model was then chosen from 
the selected models by using the 8SC based on the 
majority of least values on all 8 criteria as shown in  
Table-6. Thus, the best model generated is M81.1.2 as it 
has the lowest value from all 8SC. 
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Table-5. 8 Selection criteria for best model identification. 
 

 
 

Table-6. Values of 8SC selected model. 
 

 
 
Best model verification 

Phase 4 and the last phase of the MR model 
building process is The Goodness-of-Fit test. It consists of 
the randomness test and normality test. It is commonly 
applied to the final best model. The randomness test is 
applied to determine that the residuals are randomly 
distributed. Since the value of Z = 0.637 < asymp. Sig (2-
tailed) = 0.813, therefore, H0 is accepted. There is enough 
evidence that the residual is randomly distributed. The 
normality test on the Kolmogorov-Smirnov statistics on 
the other hand is to ensure that the normality assumptions 
are adhered. Since the Kolmogorov-Smirnov statistics 
(0.637) and gives the significant p-value = 0.813>0.05, 
therefore, H0 is also accepted. There is enough evidence at 

0.05 significant levels that the standardized residual is 
normal. This statement is supported by the scatter plot and 
histogram in Table-6.From here, the best regression model 
would therefore be represented by: 
 

       (4) 
 

Table-7. One-sample Kolmogorov-Smirnov test. 
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Figure-1. Histogram with normal curve. 
 
Model accuracy measurement 

The method used to measure the accuracy of a 
developed model is by using MAPE. It produces a 

measure of relative overall fit and is commonly used in 
quantitative forecasting methods in statistics. In [11] 
suggested that the absolute values of all the percentages 
errors are summed up and the average percentage is 
computed. MAPE is used to verify the best model and 
express its accuracy in percentage using the formula:  
 

     (5) 
 

The actual value is denoted as At and the forecast 
or estimated value term as Ft. The difference between At 
and Ft, is divided by At. The absolute value of this 
calculation is summed for every fitted or forecast point in 
time and divided again by the total number of fitted points, 
a. In this case, the number of a = 3, which is reserved 
solely for this purpose. 

 

 
Table-8. MAPE of random observations. 

 

 
 

The lower the MAPE value the better the model 
can be used in forecasting or predicting the missing values 
MAPE of 10% and lower is considered as highly accurate 
forecast, whereas a MAPE in the range between 11-25% is 
quite common which still gives a good forecast. 25%-50% 
is considered arguably a satisfactory forecast and anything 
above 50% is considered inaccurate and is not fit for 
forecasting. By substituting the remaining observation that 
has not been included in the model building analysis, the 
value of MAPE obtained is 5.56%. It is justified that this 
model could be use for forecasting, predicting WQI or 
estimating the missing value of parameters. 
 
CONCLUSIONS 

The WQI is one of the ways of measuring the 
health of a body of water. Even though Manjung River is a 
brackish type of river and it is unfit for domestic use and 
consumption due to its salinity level, its health is still vital 
for the survival of the ecosystem, living resources and its 
tranquility. In this study, it is clearly stated the 
contributions of each parameter in determining WQI. 
Suspended Solid (SS) are clearly dominant in determining 
the quality of the water as it levels determines the level of 
oxygen in the water, especially dissolved oxygen (DO) 
whereby there is a direct interaction with SS. The lower 
the level of SS means the higher the body of water can 
retain oxygen. As the samples are taken near industries 
and commercial farms and factories, the level of effluent, 
pollutants and other SS contributors are practically high, 

which marks its significance in the model. BOD is also 
significant as it determines the level of oxygen demand of 
living things in Manjung River. Other parameters such as 
pH, COD and NA are not significant mainly because of 
Manjung River is brackish and not fresh. Thus, any change 
in these three parameters does not have any significant 
impact compared to freshwater rivers, whereas it would 
change the characteristic drastically.  
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