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Abstract: This research highlights a multi-variety technique to
examine the relationship between dependent and independent
variable in predicting the water quality index in Manjung Rivers
and its affluents. The model building process been used to analyse
and generate the data. There are 63 possible models for single
order multiple regressions. The number of possible model started
to reduce as we started to eliminate insignificant variable. This
model then needs to run under eight selection criteria to identify
the best model. The best model will be certified by using Mean
absolute percentage error (MAPE) in order to measure the validity
of the model.

order multiple regression model to foresee the water quality
list in Manjung Rivers and its tributaries.
II. MATERIALS AND METHODS
A. Study Area
The scope of the study focused along the Manjung River
and its main tributaries. This tributary is linked
straightforwardly to the most stream. The examples of
tributaries in Manjung River are Sg. Air tawar, Sg. Setiawan
and Sg. Lumut.

Index Terms: Multiple Regression Model, Water Quality Index,
Single Order, Relationship

I. INTRODUCTION
Water is the vital element for the living organism. It is
importance for us to maintain the quality of water from being
contaminated by the foreign substance or naturally
contaminated. The water quality index objective is to provide
the water quality information in the understandable and
useable form that able to be understood by the public [8][10].
Multiple regressions are one of the statistical methods that
can be used to measure the water quality index. Regression
analysis is a statistical process for estimating the relationship
between variables. It helps in understanding the typical value
of the dependent variable (or 'criterion variable') changes
when any one of the independent variables is varied, while
the other independent variables are held fixed. There is
several type of regression model and one of it is multiple
regressions. Multiple regressions are an expension of simple
linear regression and we can use this model to predict the
water quality index. The multiple regression been used in this
study cases to isolate the influences of the changes in water
quality from all influences factors that might effecting the
purpose of the value changes [16]. The main idea of this
research is to build a new model of multiple regressions to
predict the water quality index.
This will provide the reader with the fundamental
understanding of the research. The primary objective of this
inquire about are to recognize the mains parameters that have
a critical contribution within the water quality list in Manjung
Rivers and its tributaries and to decide the leading single

Fig. 1 Location of study
B. Data Collection
The information that has been investigate in this research
was taken as a secondary data from a water testing
exploration of Manjung River. It was taken along the
Manjung stream basin at 6 testing stations with five times of
recurrence for both tides (study period is within July 2012
and November 2012). Each parameter was inspected based
on the Water Quality Standard and Regulation in Malaysia.
Among that data are the 6 variables that are taken as the
autonomous factors considered as Sub index of parameter
(SI), Dissolve Oxygen (DO), Biological Oxygen Demand
(BOD), Chemical Oxygen Demand (COD, Ammonical
Nitrogen (AN), Total Suspended Solid (TSS) and Salinity
(pH).
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III. STATISTICAL ANALYSIS
A. Statistical Method
Multiple regression is a very useful extension of simple
linear regression that used several variables rather than just
one to forecast a value on a quantitatively measured criterion
variable [6]. Multivariate methods such as multiple
regression can paint a more complete picture of how the
world works. The goal of multiple regression is to produce a
model in the form of a linear equation that identifies the best
weighted combination of IV in the study to optimally predict
the DV. Interaction impacts constitute the combined impacts
of factors on the basis or subordinate degree. When an
interaction impact is display, the effect of one variable
depends on the level of the other variable. Portion of the
control of MR is the capacity to appraise and test interaction
impacts when the indicator variables are either categorical or
continuous. When interaction impacts are show, it implies
that elucidation of the individual variables may be deficient
or deceiving.The specific MR model can be stated as follows:

Phase 2: Selected Model
Phase 2.1 Multicollinearity test
Multicollinearity (MC) is the result of strong correlations
of IV. Correlation coefficient with higer value will surge the
standard error of the beta coefficients and create evolution of
the special role of each independent triggered in difficult or
inconceivable result. Multicollinearity occur if Correlation
Coefficient is greater than 0.95. Zainodin-Noraini
multicollinearity alterative strategies has been implement in
this study [1] [2].
Table. 2 Multicollinearity Test

y
y
x1
x2

Ypred =0+1X1i + 2 X2i+3X3i
In this equation, Ypred is the predicted score on the
criterion variable, the Xsi are the predictor variables with
interaction in the equation, and the βs the weights or
coefficients associated with the predictors. Because this is a
raw score equation, it also contains a constant, shown as β0 in
the equation.
Table. 1 Description of variable shows in the model
VARIABLES
Y
X1
X2
X3
X4
X5
X6

DESCIPTION
Water Quality Index
SI Dissolved Oxygen (DO)
SI Biological Oxygen Demand
(BOD)
SI Chemical Oxygen Demand
(COD)
SI Ammonia Nitrates (AN)
SI Suspended Solid (SS)
SI Salinity (pH)

x2

1
0.81154915
1
0.992103651 0.776110225

The MC is as it were recognized in case the Correlation
Coefficient between independent variables is more than 0.95
and in case the MC is occur, the variables have to be expel
since it don't shows any relationship between the dependent
and independent variables. In case the MC isn't identified, the
variable is still substantial to be utilized. This MC test in
obligatory to each model in order to dispose of any irrelevant
relationship. In this simulation purpose, M7 has been chosen
to demonstrate the elimination process. There are, no MC
problem has been discovered in M7 as seen in Table 2.
Phase 2.2 Coefficient test
Following of that, the coefficient test should be implemented
as an elimination method of irrelevant variable by utilizing
the backward elimination [17]. This is to disposed all
variables with p value higher than 0.05.
Table. 3 Coefficient Test

Intercept
X1
X2

B. Model Result
Phase 1: All possible models
Phase 1 is to identify all possible model in the data from
single order multiple regression up to 5th interaction. For
single order multiple regression, there are 63 feasible models.
Within the advancement of the MR models for this datasets,
Water Quality Index (WQI) would be the Dependent
Variable (DV) marked by Y, while, DO (X1), BOD (X2),
COD (X3), AN (X4), SS (X5) and pH (X6) would be the
Independent Variables (IV). N denoted as all possible
models, can be computed by using the formula:
In this formula, N is the number of possible models
generated and q is the number of variables and j = 1, 2... q
[11]. For this research, q = 6 and the possible model are:
q

x1

P-value
0.0000
0.0004
0.0000

As seen in Tables 3, none of the variable have p value
higher than 0.05, so all the variable can be utilized because it
give a significant relationship. If the p values are more than
0.05, the variables must be eliminated.
Phase 3: Best Model
From 63 potential models produced during the phase of
this analysis, as it were 18 models have been chosen with the
same SSE value and number of model parameter.
These models at that point been assembled and any models
from this group can be the chosen model.

 

N   j C qj
j 1

Retrieval Number: L40131081219/2019©BEIESP
DOI: 10.35940/ijitee.L4013.1081219

5573

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

1

International Journal of Innovative Technology and Exploring Engineering (IJITEE)
ISSN: 2278-3075, Volume-8, Issue-12, October 2019
The best model was at that point chosen from the selected
models by utilizing the 8SC based on the majority of smallest
values as appeared in Table 4.
Table. 4 8 selection criteria for best model identification
AIC:

 SSE  2( k 1) / n

( e )
 n 

FPE:

 SSE  n  k  1


 n  n  (k  1)

RICE:
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n 
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 1 
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(ln n)
n



 SSE  k  1
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SHIBATA:

 SSE  n  2(k  1)


n
 n 

Where, n would be the number of observations, (k+1) is the
number of model's parameters and SSE the sum of square of
error. The Akaike Information Criterion (AIC) [3] and Finite
Prediction Error (FPE) [4] are developed by Akaike. The
Generalised Cross Validation (GCV) is developed by Golub
et al. [5] while the HQ criterion is suggested by Hannan and
Quinn [7]. The RICE criterion is discussed by Rice [13] and
the SCHWARZ criterion is discussed by Schwarz [14]. The
SGMASQ is developed by Ramanathan [12] and the Shibata
criterion is suggested by Shibata [15].
Table. 5 Best Model Selection
Selected
Model

SSE

M1.0.0

6510.09

124.85

125.19

124.86

131.42

125.02

120.55

128.41

124.55

M2.0.0

299.96

5.75

5.76

5.75

6.05

5.76

5.55

5.91

5.739

M3.0.0

6631.18

127.18

127.52

127.18

133.86

127.34

122.79

130.79

126.87

M4.0.0

10392.90

199.32

199.86

199.33

209.88

199.58

192.46

204.99

198.84

M5.0.0

13167.77

252.54

253.22

252.55

265.81

252.87

243.84

259.73

251.93

AIC

RICE

SCH
WARZ

FPE

GCV

SGM
ASQ

HQ

SHI
BATA

M6.0.0

17205.17

329.98

330.86

329.99

347.32

330.41

318.61

339.36

329.18

M7.0.0

217.110

4.31

4.34

4.31

4.66

4.32

4.09

4.50

4.29

M8.0.0

3443.55

68.44

68.87

68.45

73.91

68.65

64.97

71.38

68.08

M9.0.0

3993.68

79.38

79.87

79.38

85.71

79.61

75.35

82.79

78.95

M10.0.0

5760.08

114.49

115.20

114.50

123.63

114.83

108.68

119.41

113.87

M16.0.0

4186.34

83.21

83.72

83.21

89.85

83.45

78.98

86.78

82.76

M17.0.0

5958.33

118.43

119.16

118.44

127.88

118.784

112.42

123.51

117.79

M18.0.0

5593.43

111.17

111.86

111.19

120.05

111.51

105.53

115.95

110.58

M19.0.0

7305.49

145.20

146.10

145.22

156.80

145.64

137.83

151.44

144.43

M26.0.0

2034.81

41.91

42.39

41.92

46.43

42.14

39.13

44.33

41.52

M38.0.0

3621.20

74.59

75.44

74.61

82.64

74.99

69.63

78.89

73.90

M51.0.1

3392.82

69.88

70.68

69.90

77.42

70.26

65.24

73.92

69.24

M62.0.3

291.21

5.78

5.82

5.78

6.25

5.80

5.49

6.03

5.75

Table 5 shows the best model selection process. Based on
the result in Table 5, M7.00 has been chosen as best model.
Phase 4: Best model verification
The ultimate stage of model building is implementation of
the Goodness-of-Fit on the final best model. The
goodness-of-fit consist of the randomness test and normality

test. Randomness test is to verify that the residuals are
randomly dispersed and normality test on the
Kolmogorov-Smirnov statistics is to guarantee that the
normality assumptions are
not violated. Since the
value of Z = 0.645 <
Significant value = 0.799,
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hence, H0 is not rejected and this test affirm the conclusion
that there's sufficient prove that the error is randomly
dispersed. Since the Kolmogorov-Smirnov statistics (0.645)
gives the significant
p-value = 0.799 > 0.05, hence, H0 is accepted. There's
sufficient prove at 0.05 significant levels that the
standardized residual is normal. This explanation is
supported by the histogram in Figure 2.From here, the best
regression model would therefore be represented by:
WQI= 20.7422+ (0.1091*DO) + (0.5252*BOD)

At the end of this research we able to distinguish the mains
parameters that have a significant contribution in the water
quality index in Manjung Rivers and its tributaries. We also
able to identify the best single order multiple regression
models to forecast the water quality index in Manjung Rivers
and its tributaries. This new technique is more simple and
accurate. The number of parameter that been used are lesser
than the previous technique.
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