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Abstract 

Typical disaster flooding and flash floods in Malaysia. Floods occur especially during 

the wet season within the geographical region area which is especially influenced by 

the northeast monsoon. So the sampling study was conducted in March 2019 in normal 

season. Cross-sectional measurements involving the measurement of river width, river 

depth and velocity were conducted at both sampling times. The main objective of this 

study was to identify the pattern of rainfall distribution and river discharge rate in the 

River Basin Relative when the flash flood event occurred. The average seasonal 

discharge value in the normal Relau River (Upstream) is 0.04 m3s-1, Relau River 

(Midstream) is 0.57 m3s-1, Relau River (Downstream) is 0.35 m3s-1. Whereas for Ara 

River (Midstream) is 0.78 m3s-1, Ara River (Downstream) is 0.19 m3s-1) and Kluang 

River (Upstream) is 0.18 m3s-1. The estimated value for flash flood shows that total 

water and sewer capacity that occurred during the flash floods was to increase the water 

level by five meters from the normal season water level with an estimated water 

velocity of m3s-1for this area. The reading shows the Relau River (Upstream) reading 

5.18 m3s-1, the Relau River (Midstream) is m3s-1 the Relau River (Downstream) is 18.20 

m3s-1. While for Ara River (Midstream) is 24.53 m3s-1, Ara River (Downstream) is 

25.35 m3s-1) and Kluang River (Upstream) is 26.22 m3s-1. 
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INTRODUCTION  
According to DID (2000), floods can be classified into two types, namely flash 

floods and monsoon floods. Hydrology, the main difference between the two 

categories of this flood is that it is taken for the level of expression to return to 

the normal level of flood discharge. Flash floods take a few hours to return to the 

normal level of expression compared to monsoon floods which can sometimes 

take up to a month to go to normal levels (Kamarudin et al., 2019a; Kamarudin 

et al., 2015a). 

Floods became one in all the foremost frequent natural disasters 

worldwide. The rise in such a weather event (flood) is principally caused by 

global climate change (Hirabayashi et al., 2013). Floods have an enormous 

potential to wreck natural and man-made resources (Huang et al., 2008; 

Kamarudin, 2019a; Kamarudin et al., 2015b). Flood occurrences affect over 

20,000 individuals annually worldwide (Sarhadi et al., 2012). Over 90% of 

property loss and distressed means of livelihood in Asia are caused by floods 

(Smith, 2013; Paul et al., 2019; Kamarudin, 2019b). 

Otherwise, flash flooding is defined as a rapid and extreme flow of high 

water into a normally dry area, or a rapid water level rise during a stream or creek 

above a predetermined flood level within six hour of the causative event (NOAA 

2012). Between 2015 and 2017, flash flooding has resulted in additional fatalities 

than lightning, hail, tornadoes, and straight-line wind damage from thunderstorms 

combined (NWS 2017). Between October 2015 and October 2016, there are 

approximately $19 billion in losses from flooding disasters over the contiguous 

U.S. (CONUS; Novak 2017). 

Flash floods are the fast inundating of low-lying areas within the 

mountainous regions; they're induced either by the large rainfall within the short 

period, sudden failure of dam and levee or debris flow (Elkhrachy, 2015). 

Although entire mitigation of flash flood is impossible, a flash flood susceptibility 

map (FFSM) prepared through appropriate methods may be a standard tool useful 

for the reduction of the detrimental impacts of flash floods and associated risks 

(Huang et al., 2008). 

Flash floods occur within catchments, where the latency of the 

catchment basin is brief. In line with the American Meteorological Society, flash 

flood events generally do not give advance warning and so, they cause significant 

risk and destruction thanks to their complex and dynamic environmental settings 

and nature (Georgakakos, 1986; Collier, 2007). Flash flood occurrence is affected 

by various watershed characteristics (type of basin and drainage), anthropogenic 

activities (land use, deforestation, and engineering science construction) and the 

environmental condition like amount, intensity, spatial distribution, and time of 

rainfall. Recently, global climate change is altering the environmental condition 

which can result in flash flood condition at one place and drought condition at 
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another place. Therefore, the past may not be a reliable guide to the long run. 

Thus, within the planning of flood management, especially of flash get urban 

areas (Wahab et al., 2019; Mohd et al., 2019). In Malaysia, most typical disaster 

flooding and flash floods. Floods occur especially during the wet season within 

the geographical region area which is especially influenced by the northeast 

monsoon (Saudi et al. 2015; Muhammad et al. 2016). In ongoing decades, the 

quantities of utmost climatic events like storms, flood, dry spells and heat waves 

have expanded around the world (Sungip et. al, 2019; Field et. al, 2012; Toriman 

et. al, 2009). The monitoring of river discharge is vital frequency for body of 

water resources direction, water residue rating at the basin scale, and flood 

purpose additionally as for the calibration and validation of hydrological models. 

Spada et al. (2017) stated that despite the most impact of discharge data on many 

environmental management takings, their evaluation nearly always relies on the 

employment of the so-called rating curves. 

According to Chan (1997), the risk and vulnerability of urban 

communities to flash floods are increasing in Malaysia lately. This can be seen 

based on the increase in urban areas that consist of land use, not permeable water 

such as asphalt, cement and concrete surfaces. A clear flash flood disaster can 

lead to a loss to society and the environment. Losses suffered as a result of flood 

disasters can be categorized into two types, which are direct losses and indirect 

losses. Usually, the loss from flood disaster is very dependent on the socio-

economic level of the population in the flood area (Rasdi et al., 2022; Azinuddin 

et al., 2022). According to Chan (2000), the impact of flood disaster was more 

felt by the residents of the lower income square areas compared to the medium 

and high income population. The main objective of this study was to identify the 

pattern of rainfall distribution and river discharge rate in the River Basin Relative 

when the flash flood event occurred. This is to see whether or not there is a 

correlation between these factors and the seasonal rate of discharge. 

 

METHOD 
This study was carried out in the River Basin Furnace at coordinates 5°19'26.2'N 

100°16'50.9'E (Figure 1) consisting of the River, Ara River and Kluang Relau 

Rivers in Penang. The basin is located in the South western part of Penang. It can 

be said that almost every year the area is hit by lightning floods if it rains. 

Convective rain more than 60 mm in 2 to 4 hours duration may cause flash floods. 

However, monsoon rains are typical of long duration with intermittent heavy 

bursts and the intensity can occasionally exceed several hundred mm in 24 hours. 
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Figure 1: Location of Relau River Basin 

 

There are seven main locations that are often hit by lightning bankers 

in this area such as the Sri Relau School area, Jalan Paya Terubong, the Relau 

Area, Sunshine Bayan Baru, Masjid Bayan Baru, Jalan Mahsuri, Persiaran 

Mahsuri and Jalan Tengah (Figure 3 and Table 2). These areas are often flooded 

because almost the whole area is covered with placement and the river is also not 

large and wide. This also caused the river to not be able to accommodate the 

amount of rain that fell in a long period. The situation will become worse if the 

occurrence of large tides in the sea that enter through the Kluang River as well as 

blocking the discharge of water from the land area. 

Due to the low position of this area, namely the height at the mean sea 

level is 10 meters, often flood events will occur if river water levels increase due 

to heavy rain and abundant because the river is no longer able to accommodate 

excess water capacity. Due to the low altitude of this area, with a mean sea level 

of 10 meters, flood events often occur when river water levels rise due to heavy 

rainfall and floods because the river can no longer sustain excess water capacity 

such as the September 2017 flood event. In addition, flash floods have also been 

reported in November 2017, November 2018, September 2019. This situation 

continues to cause problems for residents as property damage occurs every time 

a flood occurs (Figure 2). 
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Figure 2: Flash flood events that have occurred in the study area 

 

Due to the possibility that the problem will recur without inventory, a 

study sample has been carried out in the Relau River Basin (Figure 3 and Table 

1). The status of the sampling system has been identified using the Digital Global 

Positioning System (DGPS) where the sampling has been carried out on Mac 

2019. Mac month is chosen because at this time it is a normal season. This has 

made it easier for the work to be sampled because it is not exposed to the danger 

of flooding and so on if it is carried out in the rainy season. 

 

  
Figure 3: Map of sampling station and flood area 
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Table 1: Sampling station for the study areas 

 Station Latitude Longitude 

S1 Relau River (Upstream) 5°19'51.4"N 100°16'30.3"E 

S2 Relau River (Midstream) 5°19'32.3"N 100°16'53.1"E 

S3 Relau River (Downstream) 5°19'08.0"N 100°16'52.5"E 

S4 Ara River (Midstream) 5°19'17.9"N 100°16'26.0"E 

S5 Ara River (Downstream) 5°19'07.3"N 100°16'51.3"E 

S6 Kluang River (Upstream) 5°19'01.9"N 100°17'09.6"E 

 
Table 2: Flood hotspot area in Relau River Basin 

No. District Flood Hotspot Area City 

F1 Timur Laut Sekolah Sri Relau Bayan Lepas 

F2 Timur Laut Jalan Paya Terubong Bayan Lepas 

F3 Timur Laut Kawasan Relau Bayan Lepas 

F4 Barat Daya Sunshine Bayan Baru Bayan Baru 

F5 Barat Daya Masjid Bayan Baru Bayan Baru 

F6 Barat Daya Jalan Mahsuri Bayan Lepas 

F7 Barat Daya Persiaran Mahsuri Bayan Lepas 

F8 Barat Daya Jalan Tengah Bayan Lepas 
      Source: Penang State Government (2019) 

 

a) Hydrographic calculation 

Calculation Area (A): 

The area of each section is obtained by taking into account the depth absorbed by 

the vertical boundary and multiplied by between the vertical boundaries 

(Kamarudin et al., 2015a). 

 

A = b x d                                                              .......... [1] 

A = cross sectional area (m2) 

b = distance between vertical boundaries (m) 

d = water depth (m) 

 

b) Calculation of river discharge (Q) 

The cross-sectional area (A) and average velocity (v) are known, the slope (Q) 

can be calculated from Q = vA. Because the water depth and flow velocity are 

not uniform for the entire cross-section. Accurate discharge measurements are 

obtained by dividing the cross-section into several sub-sections called sections. 

Each section is limited by surface water, river bottom and 2 vertical lines, called 

vertical. Each vertical is a common dimension of two continuous sections and the 

depth of water and the velocity of the stream are set for observation. Adequate 
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velocity observations were made to obtain the average velocity at each vertical 

boundary (Figure 4). So, the average velocity of the section is: 

 

V = (v0.2d x v0.8d)/2 or v0.6d                         .......... [2] 

 

The result of the average and wide velocity of each section gives the cut-off. 

Q = (bd)(v0.2d x v0.8d)/2                                 .......... [3] 

or Q = (bd)(v0.6d) 

 

And the sum of all the cutoffs gives the sum of the sums. 

Q = (Q0,1)+(Q1,2) +(Q2,3)...+(Qn,n +1)         .......... [4] 

 

       
Figure 4: Discharge Measurement Theory 

(Jamil et. al (2012) 
 

c) Rainfall 

An annual rainfall distribution is also available to see if there is any direct effect 

of the amount of rainfall and the occurrence of this flash flood. The average 

annual rainfall in 2013 to 2019 in Penang and the monthly rainfall in 2019 in 

Penang have been obtained from the Malaysian Meteorological Department. 

 

RESULT AND DISCUSSION 
Annual rainfall distribution is also available to see if there is any direct effect of 

the amount of rainfall and the occurrence of this flash flood. The average annual 

rainfall in 2013 to 2019 in Penang and the monthly rainfall in 2019 in Penang 

have been obtained from the Malaysian Meteorological Department. 
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Hydrological data results 

a) River discharge 

Calculations were performed using flow velocity data, widths and river depths to 

obtain the discharge rates and water capacity measured by the three rivers. The 

Relau River is a river that has been darkened. So, erosion and policy erosion is 

difficult here. The river is not too wide. Whereas the Ara River and Kluang River 

are common and relatively wide rivers. The discharge rates for these rivers have 

been recorded. Discharge rate is the amount of water that exceeds one cross 

section at a time (Gordon et al. 2004). The average seasonal discharge value in 

the normal Relau River (Upstream) is 0.04 m3s-1, Relau River (Midstream) is 0.57 

m3s-1, Relau River (Downstream) is 0.35 m3s-1. Whereas for Ara River 

(Midstream) is 0.78 m3s-1, Ara River (Downstream) is 0.19 m3s-1) and Kluang 

River (Upstream) is 0.18 m3s-1 (Table 3). 

 
Table 3: Water discharges occur during flash floods 

Station Location Width 

(m) 

Discharge (m3/s) 

Normal Maximum   Flash Flood 

S1 Relau River (Upstream) 2.7 0.04 2.88 5.18 

S2 Relau River (Midstream) 11.5 0.57 25.63 27.28 

S3 

Relau River 

(Downstream) 8.2 0.35 12.75 18.20 

S4 Ara River (Midstream) 14 0.78 18.97 24.53 

S5 Ara River (Downstream) 12 0.19 19.73 25.35 

S6 Kluang River (Upstream) 14 0.18 24.25 26.22 

 

The width and depth of the river are still able to accommodate a rather 

large quantity of water with rather high velocity values. For maximum discharge 

that can be accommodated by the sample area as well, Relau River (Upstream) 

recorded a reading of 2.88 m3s-1, Relau River (Midstream) was 25.63 m3s-1, Relau 

River (Downstream) was m3s-1. Whereas for Ara River (Midstream) is 18.97 m3s-

1, Ara River (Downstream) is 19.73 m3s-1) and Kluang River (Upstream) is 24.25 

m3s-1. 

However, if continuous rain events occur, the river is no longer able to 

accommodate the capacity of rainwater. Coupled with pulping runoff surface 

water in the surrounding area, water capacity increases rapidly and causes the 

occurrence of flash flood events. The increase in water in this area usually breaks 

down 0.5 - 1 meter rather than the maximum face. 

Therefore, the estimated total water and sewer capacity that occurred 

during the flash floods was to increase the water level by five meters from the 

normal season water level with an estimated water velocity of m3s-1 for this area. 
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The reading shows the Relau River (Upstream) reading 5.18 m3s-1, the Relau 

River (Midstream) is m3s-1 the Relau River (Downstream) is 18.20 m3s-1. While 

for Ara River (Midstream) is 24.53 m3s-1, Ara River (Downstream) is 25.35 m3s-

1) and Kluang River (Upstream) is 26.22 m3s-1.  

The recent increase in water levels and low water levels has caused this 

area to be hit by flash floods due to the low rainfall. This situation is also shown 

in Figure 5 which is the value of discharge rates that occur during normal seasons, 

maximum capacity as well as readings during flash floods. 

 

 
Figure 5: Rate of water discharge by station and season 

 

b) Rainfall 

Looking at the rainfall distributions as in Figure 6, the annual rainfall 

distributions show an increase from 2013 to 2017 which recorded average 

readings in 2013 of 2519mm, 2014 (2390mm), 2015 (2453mm), 2016 (2493mm), 

2017 (2642mm), 2018 (2574mm) and 2019 (2530mm). Looking at this trend, 

2017 recorded the highest figure of 2642mm. With heavy rainfall during that 

time, in September 2017, heavy flooding occurred in almost all areas of Penang 

with Georgetown becoming the worst affected area following Seberang Perai 

Central and Southwest. This incident was further aggravated by the high tide. 

Many property damages has occurred and many floodplain areas have been 

opened to cover flood victims. 
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Figure 6: Annual rainfall 2013-2019 

(Source: Malaysian Meteorological Department., 2019) 

 

Following the incident, several drastic actions were taken by the Penang 

State Government, including accelerating the Flood Mitigation project and 

expected to be completed by October 2020. However, there are some constraints, 

particularly the size of some smaller rivers such as the Relau River that need to 

be deepened and was deployed to prevent such incidents from happening again. 

The initiative taken by the Penang State Government to address this problem is 

commendable because the effects of the flood can have devastating properties as 

well as the lives of residents. 

During the duration of this project, flash floods were still occurring in 

some places especially in the River Basin Furnace but on a smaller scale and 

receding in a faster time. Figure 7 shows the monthly rainfall distribution for 2019 

during which sampling is conducted. After 2017, a series of flash floods were 

recorded in the Relau River. 

 

 
Figure 7: Monthly rainfall 2019 

(Source: Malaysian Meteorological Department., 2019) 
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Rather than the data obtained, this situation shows that the amount of 

annual or monthly rain sprinkles gives a big impression in the occurrence of flash 

floods prevailing in the Relau River Basin. Although this situation is increasingly 

reduced, inventory measures still need to be taken while awaiting the flood 

reduction project is fully prepared. 

 

CONCLUSION 
This study shows that the discharge is directly proportional to the amount of 

rainfall. In addition, the occurrence of cliff erosion, dumping of rubbish into the 

river can also cause blocked water flow which in turn increases the level of the 

reservoir and the occurrence of flash floods. Hopefully, with the completion of 

the flood mitigation project in progress, this problem will be fully resolved in the 

future. This situation can serve as a role model for other places throughout 

Malaysia in particular and around the world to take appropriate steps in the event 

of such incidents. 
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