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Abstract 

 
Flood is a major issue during monsoon season in Northern region of Malaysia especially in Muda River Basin. This study focused on the 

specific hydrology parameters that lead to the flood events in Muda River Basin, Kedah. There were 4 hydrologic parameters for thirty 

years of collected data from selected hydrology monitoring stations provided by Department of Irrigations and Drainage, Malaysia. The 

study applied Principal Component Analysis (PCA) and result shown that stream flow and suspended solid stand with highest correlation 

of coefficient variables with the changes of water level in the study area. Statistical Process Control (SPC) applied in this study was to 

determine the control limit for every selected parameter obtained from PCA. The Upper Control Limit value for water level reported 

from SPC analysis in the study area was 7.568m and starting from this level and above, the risk of flood is high to occur in the study 

area. This research proved that the flood risk model created in this study was accurate and flexible for flood early warning system at 

Muda River Basin. 
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1. Introduction 

A flood can be characterized as any high water stream that over-

whelms the natural and also artificial banks in any part of the wa-

terway system. Along these lines, when a waterway bank is over-

topped, the water may reaches out finished the floodplain and for 

the most part turns into a risk to the general public [1, 2]. During 

flood occurrence, it majorly affects individuals as it upsets their 

everyday activities and the effects can keep going for seven days 

in the coming years, environmental change is probably going to 

make the circumstance much additionally difficult [3, 4]. 

It can be partitioned into naturally-occurring floods, which hap-

pens amid short, high intensity precipitation and human-prompted 

flood, in which disposal of solid wastes leads to obstruction or 

blockage of the drainage and irrigation system. The management 

of surge is a complex, multi-task approach that needs a balance 

amongst timeliness and cost-adequacy [5]. Malaysia experienced 

the most decimating catastrophic event which is flood. All through 

Malaysia, including Sabah and Sarawak, there is an aggregate of 

189 stream bowls with the principle channels streaming specifical-

ly toward the south China Ocean and 85 of them are prone to re-

current flooding. 

Flood in Malaysia have been arranged into two classifications by 

the Malaysian Drainage and Irrigation Department, for example, 

flash flood and monsoon flood [6, 7]. In light of the hydrological 

viewpoints, the unmistakable contrast between those two catastro-

phes is the period taken by the stream to retreat to the ordinary 

level. Flash floods take about a few hours to come back to the 

ordinary water level, while storm surge can keep going for a 

month. This flood event influenced around 4.82 million individu-

als which is about 22% of the total population of the nation [1]. 

In Kedah, Muda river which is situated in northern region of Ma-

laysia is the longest river with the length of 180km. Its catchment 

area is 4210 m³ and its upstream flow was originating from the 

northern sloping zone of the state. In Muda river system, there are 

3 important tributaries which are Ketil river, Sedim river as well 

as Chepir river [6]. It is the most important source of water con-

tributor for the northern states [8, 9]. 

New logging trail was found together with abundant number of 

logs in the Ulu Kedah forest reserve. All of the plants and trees in 

the forest act as catchment area that absorbs the rains. When there 

is exposed ground due to illegal logging activities, the soil sedi-

ment and suspended solid erodes and silting up into the river [10-

12]. It resulted in shallower rivers with increasing speed of stream 

flow which causes the water level to arise, causing devastating 

flood. 

In this research, in order to determine the specific hydrology pa-

rameter that leads to major contribution of flood in Muda River, 

there are four parameters that will be assessed in 2 different areas. 

The relationship between the hydrological variables in this study 

was determined through the application of the correlation test in 

Principle Component Analysis (PCA). Meanwhile, to clarify the 

flood risk pattern recognition, Statistical Process Control (SPC) 

was applied. 
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2. Materials and Methods 

2.1. Study Area 

Muda River Basin is the wellspring of water supply for the two 

states of Kedah and Penang. From this river basin, the great water 

demand projection has been made with the intention of to satisfy 

the need of water resources from the river basin. It is also a fun-

damental sources of water supply for farming and agricultural 

purposes as the area along the river basin is covered by paddy 

field, where it requires a lot of water utilization from the river 

basin [13, 14]. 

The geology of study territory is positioned at the coordinates of 

5˚06'N and 100˚17'E. The river basin is situated in the north-west 

part in Peninsular Malaysia and the catchment area is around 

4,210 m³. The study area has atmosphere shifting from the rain-

storm season where it covers the aggregate region of 11,252km2 

and the zone incorporates three states which are Kedah, Perlis and 

Penang. 

During the North-East storm season, it will get a small amount of 

precipitation because of high mountainous area in the central part 

of the Peninsular of Malaysia [15-18].The topography of the Mu-

da River Basin and the monitoring station along the waterway 

bowl is represented in Figure 1 and Table 1. Department of Drain-

age and Irrigation (DID) provided the secondary hydrological data 

for the year 1982 until 2012, which incorporate rainfall, suspended 

solid, stream flow and water level. 

 

 
Fig. 1: Map of Muda River Basin [9] 

 
Table 1: Location Station Monitoring at Pahang River Basin 

Station 
No. 

Latitude Longitude 
Name of 
Station 

Variables 

Site 

6108001 
5˚06'48”N 100˚01'55”E 

Kompleks 

Rumah Muda 
Rainfall 

Site 
5606410 

5˚12'57”N 100˚27'16”E 
Jambatan 

Syed Omar 
Suspended 

Solid 

Site 

5606510 
5˚17'25”N 100˚39'29”E 

Jambatan 

Syed Omar 

Stream 

Flow 

Site 
5606410 

5˚18'32”N 100˚40'23”E 
Jambatan 

Syed Omar 
Water 
Level 

 

2.2. Statistical Analysis/ Pre-Processed Data 

2.2.1. Chemometric Technique 

Chemometric technique such as application of Factor Analysis is 

able to see the reduction of variables into a set of factors for fur-

ther analysis. Researcher rarely collect and analyze data with an 

idea about how the variables are related and application of these 

method able to make comparison which variables that effecting 

the most towards the change of the hydrological modeling at the 

study area with a cheap cost and quicker compare to other tech-

nique [19]. The reduction of variables into a set of factors for fur-

ther analysis can be observed using Chemometric technique, such 

as the utilization of Factor Analysis. With this technique, variables 

with the biggest influence in the change of the hydrological mod-

eling at the study area can be compared in a cost effective and 

quicker manner compared to other techniques.  

2.2.2. Principle Component Analysis (PCA) 

The application of PCA in this study is to determine the large 

number of variables into smaller sets. Factor analysis variables 

and latent construct are measured will establish between the two 

elements and validity evidence of self-reporting scales. This 

method reduces the number of variables, examines on the struc-

ture or relationship between variables in the hydrological data and 

detects any the non-dimensionality of theoretical construct. It also 

includes the multi co-linearity which involves two or more varia-

bles that re-correlated, which was carried out in this study. On the 

other hand, the PCA will look into the relationship between the 

variables and identify the strongest relationship. Based on the 

results, it able to point out which variables involve in development 

that causes the biggest impacts on hydrological modeling at the 

Pahang River Basin [19].  

The PCA was carried out by using XLSTAT 2017 software and 

the results are used for discussion. Equation used refers in (1): 

                         (1) 

  

Z = Component score, 

a = Component loading,  

x = Measured of variables,  

I = Component number,  

m = Total variables 

 

Statistical Process Control (SPC) 

Time Series Analysis is very important in prediction of water level 

at the study area. By using this method, it will evaluate on the 

process from the performance of the analyzed data efficiently. It 

produced three important results, which important in predicting 

the hydrological modeling in the future, and those result were 

Upper Control Limit (UCL), Control Limit (CL) and Lower Con-

trol Limit (LCL) in the control chart is represented within the 

range value of a set of data. The Control Chart has the ability to 

uncover some trends and patterns, showing actual data deviations 

from the historical baseline and dynamic threshold, being able to 

capture unusual resource usage and becoming the best base lining 

to show how actual data are deviated from historical baseline. The 

equation used refer in (2)-(3): 

Moving Range = Plot: MRt for t = 2, 3, ..., m.                             (2) 

 

MR = average moving range  

t = time 

m = individual values 

 

Average Value:                                                        (3) 
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 = moving range 

m = individual values 

 = individual values 

3. Results and Discussion 

3.1. Identification of the Significant Factor of Flood 

Event 

In the identification of significant factors, the result of factor load-

ing must have eigenvalue of more than 0.7. With the value, it is 

considered a strong loading factor and it is significant to be used 

as a strong factor in the analysis process. In Table 2, it shows the 

results of the factor loading. 
In Factor 1 column, the factor loading result of stream flow has 

the strongest value of 0.968, 0.934 for suspended solid and 0.849 

for water level. Meanwhile in Factor 2, rainfall was the strongest 

factor loading with the result value of 0.914. Nevertheless, all of 

the results for another 3 variables did not have strong factor load-

ing where the result for stream flow was -0.149, while suspended 

solid was -0.316 and lastly water level with the value of 0.510. 

Based on Factor 1 result column, it shows that each rise of sus-

pended solid in Muda river basin will significantly rises the stream 

flow. On the other hand, the result also shows that significant 

increment of the speed for stream flow also increases the water 

level. 

From Factor 2 column, the result shows that the strongest factor 

loading was rainfall, even though it has the highest rate, it only 

gives minor impact towards the other hydrological variables in 

this study. It does not have any substantial influence towards the 

fluctuations in stream flow, suspended solid as well as water level. 

All elements showed the strong factor loading with result of factor 

loading of more than 0.7. Suspended solid component proved to 

have the most solid impact for the formation of flood together 

with stream flow and water level, which conveys a higher correla-

tion coefficient in the analysis [20, 21]. 

The high level of suspended solid might be happening due to 

mega project development along the Muda river. Recently in 

2017, a reporter found new logging trail and abundant number of 

logs in the Ulu Kedah forest reserve. All of the trees act as catch-

ment area that absorb the rains. When there is exposed ground due 

to logging activities, the soil sediment and suspended solid erodes 

and silting up into the river. It resulted in shallower rivers with 

increasing speed of stream flow which causes the water level to 

arise, causing devastating flood [22]. 
 
Table 2: Correlation of Coefficient Result between Variables and Factors 

of Principle Component Analysis from 1982-2012 in Muda River Basin 

Variables F1 F2 

Stream Flow 0.968 -0.149 

Suspended Solid 0.934 -0.120 

Water Level 0.849 -0.135 

Rainfall 0.406 0.914 

Eigenvalue 2.694 0.890 

Variability (%) 67.36 22.24 

Cumulative (%) 67.36 89.611 

3.2. Flood Control Warning System 

From the analysis by SPC for the study area, the results obtained 

for stream flow were tabulated in Table 3 and also in Figure 2. 

The Lower Control Limit (LCL) was 39.295 m/s, the Center Limit 

(CL) was 70.539 m/s and the Upper Control Limit (UCL) was 

101.783 m/s. These finding results are crucial for the process of 

refining flood early warning system in Muda River Basin. In Fig-

ure 2, the highest peak of stream flow has the value of 127.200 

m/s which is on October in year 2008. In this particular year, Ked-

ah face massive flood and destruct thousands of houses and infra-

structures along Muda river basin. This is due to illegal logging 

activities near Ahning, Pedu and Muda dams.  

As for suspended solid, the result was 294.897 tonnes/day of the 

LCL, the CL was 1202.902 tonnes/day and the UCL was 2110.907 

tonnes/day. The results were shown in Table 3 and Figure 3. The 

suspended solid pattern can be visibly seen and this changes ma-

jorly impacted the stream flow as well as water level in Muda 

river basin since the correlation is strong among those 3 variables. 

Based on Figure 3, the pattern of the graph was the highest in 

November 1998 with the value of 9720.300 tonnes/day. This is 

due to exploitation to the forest near Pedu Dam.  

Next, the water level result in Muda River Basin was 6.808 m of 

the LCL, the CL was about 7.188 m and the UCL was 7.568 m. 

The results obtained in Table 3 and Figure 4 indicate Muda River 

flood patterns. If the data plotted is above the UCL value, then it 

may lead to overflow of water from the riverbed thus causes flood. 

Meanwhile, water level that is in range of CL is categorized to be 

in a safe zone and the river basin is able to contain the water toler-

ably. In Figure 4, the reading of the water level is at the highest 

peak in year 2000 with the value of 10.050 m. 

Lastly, based on Table 3 and Figure 5, both of them shows the 

entire rainfall result of all of the control limit values in Muda river 

basin. The LCL value was -11.050 mm, the CL was 6.406 mm and 

as for UCL, the value was 23.862 mm. These rainfall patterns can 

be seen in Figure 5 where the peak was at 127.200 in year 2008. 

The result was rare and beyond the ordinary limit thus it was con-

sidered as peculiar condition. 

From the entire control limit results obtained by SPC analysis, it 

gives huge advantage for the Kedah local authorities to implement 

a constant monitoring system to establish initial actions depending 

on the stream flow as well as the suspended solid results [23, 24]. 

With the existing pattern in Muda river basin, early warning sys-

tem can be done efficiently. Control limit system gives many ben-

efits, despite from serving the economic sector for the preparation 

for flood; it also helps in sensing the possibility of scarcity. This 

advantage is vital since Muda river basin is the key water supply 

desired by paddy fields in northern region of Malaysia. Hence, 

optimal water supply can sustain the maximum stock of rice for 

communities all over Malaysia. 

 

Table 3: Result of Statistical Process Control for Muda River Basin 
Area Points Plotted Lower Control Limit Central Limit Upper Control Limit Limit Sigma Sample Size 

Stream Flow Individual 39.295 m/s 70.539 m/s 101.783 m/s Moving Range 1 

Suspended Solid Individual 294.897 tonnes/day 1202.902 tonnes/day 2110.907 tonnes/day Moving Range 1 

Water Level Individual 6.808 m 7.188 m 7.568 m Moving Range 1 

Rainfall Individual -11.050 mm 6.406 mm 23.862 mm Moving Range 1 
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Fig. 2: Result of SPC for Stream Flow in Muda River Basin 

 

 
Fig. 3: Result of SPC for Suspended Solid in Muda River Basin 

 

 
Fig. 4: Result of SPC for Water Level in Muda RiverBasin 
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Fig. 5: Result of SPC for Rainfall in Muda River Basin 

 

4. Conclusion  

From the analysis, the most noteworthy factor in the association of 

significant hydrology parameters in this study was gained and they 

are functional for the advancement of risk models in developing 

warning alert system at Muda river basin. The variables with the 

strongest correlation which are stream flow and suspended solid 

were verified statistically that stresses the flood pattern recogni-

tion.  

Flood risk pattern was recognized by the application of SPC 

which has provided chart for each parameter. The spike of peak 

can be observed effortlessly. The UCL, LCL and CL were ex-

tremely vital to ensure that each parameter do not exceed the max-

imum limit that the river could stand. When the maximum limit 

control is nearly reached, this system can act as mitigating meas-

ure to give warning to the communities in the area to prepare 

themselves in overcoming flood thus saving their important doc-

uments and evacuate the area hurriedly. 
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