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Abstract
An analysis based on rainfall rate characterlstlcs has feen carr ut 0 estimate
flood occurance. In this paper, we analyzed the rain g a for ent rain gauge
stations. 14 days acquired data covering events befor
as

e flood tragedy
in Malaysia. The analysis of the rain gauge oce on precipitation

phenomena observed in year 2014 in Kota Q%M (Malaysia) from 13
December until 26 December. The data was |red fro alaysian Drainage and

Irrigation Department (DID). The Obje(‘.tIV e rese‘axr to derive the tropical flood
estimation model using rain gauge dat Iay3|a mohg the preliminary result shows
is 204.

that the average rainfall rate at kota hr during the flood tragedy.
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1. Introduction <) \Q\
Flood refers to a&g that arﬁr&"g the world’s most frequent and destructive types

of disaster [1]. F azar of the calamities that commonly occur in Malaysia
almost every, puring the year 2014, Malaysia experienced devastating flood
hazards duri mo ecember in several states including Kelantan, Terengganu,
Pahang, Perak, Johor, s, Sabah, and Sarawak. The worst affected area mainly
happened in Kelanta

Figure 1. Recent Flood Disaster in Kota Bharu [3]

In Malaysia, according to Malaysian Drainage and Irrigation Department flood has
been classified into two categories which are flash flood and monsoon floods [4]. From
the hydrological perspectives, flash flood took only few hours to last while the monsoon
flood can last for about one month. Malaysia is among the countries that seriously
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vulnerable to the flood due to high rainfall rates accumulates throughout the years
especially during the monsoon periods [4].

Rain-gauges is a well-known tools capable to provide the most accurate means of
measuring point rainfall, they require consistent maintenance, and their disposition
density governs the accuracy with which catchment rainfall can be measured. Rainfall
event analyses could be very important and significant by understanding the trend of the
rainfall and the effect towards the country [5]. Precipitation analyses have been made
throughout all over the world based on specific rain gauges data or climatological data
[6].

A study in a tropical region i.e. Italy Silvano et al. [7] proposed a method for detecting
extreme rainfall event for heavy precipitation event which known as Generalized Extreme
Values (GEV). By using this model, Silvano et al. used a set of data for 30 yegrs. The
same procedure are used by Crisci et al. [8] to understand the estimation of the“eavy
rain. While Pandey [9] did the analysis about the extreme point rai all?ﬁht for
e

er, analysis

have been tested against data collected in long duratio gver i
Nn alaysian worst

will be conducted at 5 different station for 17 hours es durin
flood event in December 2014. ‘y

The particulars of the data collection from th N gau fall rate are briefly
explained in Section 2. Afterwards, the analyses of the ra?% e data is discussed in
Section 3. In Section 4, result of the anal)ﬁét the gaip“gauge data is being discussed.

Finally, Section 5 draws some concl and fut orks for flood estimation
techniques.

Q
2. Data Collection 4 %\\

In Malaysia, the tippin bucket typé %amfall recorder is used as it is a digital
recordings which g|ve infall r m nstantly to the user. Tipping bucket recorder
has a bucket struc collect infall and once the rainfall exceeds a certain
recorded value, theg% of ther all in the bucket causes the bucket to tip. Each time
the buckets tj ime i d As result a series of tips is recorded, the total
amount of r@ occurr% be computed and recorded hence the tipping rate gives
the intensity Value of Il [5]. Figure 2 shows the tipping bucket used by the
Malaysian Drainage gation (DID). While Figure 3 shows the rain gauge location at
five different stati Kota Bharu, Kelantan, Malaysia. Table 1 tabulate the location
(latitude and Ion@) of the five stations.

Figure 2. Tipping Bucket Rain Gauge [5]
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Figure 3. Location of the Rain Gauges E :
Table 1. Rain Gauge Q&ﬂs &Q)

Station No. | Rain Gauge Name @?’ n[°] \y)

6021060 Salor '50" °1g15"

6022062 Chabang Tigaa| 1406°02'25" ,\%3'10"

6023001 Kg.Binjal \ ’| 06°04'3% 7 102°18'05"

6122064 Sto r.JP§ | 06°06'30"Y 102°15'25"

6022001 é@gat W 102°17'15"

\7
14 days of rainfall rate d fore d,url and after the flood tragedy were analysed.

The peak event was betwe 13/12/201 /2014. There are 4032 of sample from the
rain gauge data for eve mlnu 9@ had been analyze. The rain gauge generates
total amount 5800 of ra ith five minute of integration time, from which
51 rain events wg ssmed 'A%consmermg at least 30 minutes a dry period time
between an eventand the fo event. The accessibility of the recorded data for the
whole 14 da iod are % or whole 14 days. From the rain gauge data, we able to
identify that the rain oc every day for the duration of 14 days. Table 2 displays the
total number of rain ccurs at Kota Bharu.

Table 2.@ Profile at Kota Bharu during 13/12/2014-26/12/2014

$ Day Date No of Events
OO 1 | 13/12/2014 1
2 | 14/12/2014 5
@ 3 | 15/12/2014 2
4 | 16/12/2014 8
5 | 17/12/2014 2
6 | 18/12/2014 6
7 | 19/12/2014 4
8 | 20/12/2014 4
9 | 21/12/2014 6
10 | 22/12/2014 3
11 | 23/12/2014 3
12 | 24/12/2014 3
13 | 25/12/2014 3
14 | 26/12/2014 1
Total 51 rain event
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Among this 51 rain events profile, the longest rain event had taken place on 17
December which lasted for 17 hours and 30 minutes. In order to categorize the heaviest
rain among the entire rain event, the value of rain amount (mm) in the rain gauge data
must first converted into rainfall rate (mm/hour). The highest value is 121.2 mm/hour at
20:45:00. According to the analyses at Salor Station, the longest rain event took place
from 14.30 on 17 December 2014 last until 8.00 the next day. This time interval act as the
reference for the other four stations. Data from the remaining four rain gauge stations are
being analyses during the same time interval to see the trend of the rainfall. Figure 4(a) —
4 (e) illustrated the rain events at the 5 rain gauge stations.
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Figure 4(d)
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Figure 4 (e) x)
Figure 4(a)-4(e). Rain Event Profile for Each Stations Yy

R squared value for each event based on the gra

% Ue, otWrage data, and the
ove ded for each station
and tabulated in the Table 2. 'Q
Table 2. Rajiu@lle Inforﬁ&

3. Results

Rainfall profile with the minimum value, maxj

Station Duration (Min) Min(m FMax(mm)y W(mm) Average r’ Intercept

p, \ (mm/hr)
Salor 1050 \1'&/ 121.§ 3579.6 2045 [0.0348 | 0.1437
Chabang Tiga 1050 o K04 | 29196 166.8 | 0.0330 | 0.1058
Kg.Binjai 1050 > oo 344 3391.2 1938 | -0.034 | 0.1262
Stor JPS 1050/, 005, N 0102.0 2876.4 164.4 | -0.053 | 0.1179
Kg.Peringat AL080N " 12 a’ 135.6 32172 1838 | -0.052 | 0.1092

201437
=008

.......',..N:;mN.w.mmm.maomuom.m.ﬂ....Mwﬁzwwmil:h;ﬂq:vqumE.\memEnSmnnE» AAAA
172208 15/
—Sl —aChabwgTes  —— gl SorS —a—KgPeingE  .-e linear gPeingt] inar g B tinear(Sto 5] Unear{chatang Tigs tinear (sar)

Figure 5. Comparison of Rain Event Profile of Five Different Stations

The graph of rain event profile in Figure 5 above were inspecting the period of the
heavy rain from the rain gauge data corresponding to 17 hours and 30 minutes rainfall
event during 17 December 2014 where the worst flood event occurred. Figure 5 also
report the trend of the rainfall for five difference rain gauge stations. As appears from the
graph, the trends seem similar to each other. In order to justify the trend, we calculate the
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slope for each station based on the highest reading for each graph. Figure 6 illustrates the
slope at the highest rainfall rate for each station. Table 3 details the information of the
slope for the highest rainfall rate value at each station. The relation of the increasing
rainfall rate with time is expressed in the equation 1.
y=mx +c (1)
Where vy is the rainfall rate and x is the time. The slope, m shows the rate of change of
the rainfall proportional to time.

Salor Kg. Binjai v = 5184
y=537 *= 0.0982

Stor JPS

Fig&a. Slop \@Rain Gauge Stations

'Q\Tabl %sults for Slope Analysis

Station & Stét time oL EN@ time | Duration (Min) r° Rainfall rate (y) and time relation (x)
Salor 20:40:00 W:OO 5 0.7918 y = 53.76x
Chabang Tiga | 19:45: :50:00 5 0.5698 y = 52.56x
Kg.Binjai 20:4000+| 20:45:00 5 0.9982 y = 51.84x
Stor JPS .00 22:05:00 5 0.9760 y = 49.68x
Kg.Peringat 21:35:00 | 21:40:00 5 0.4812 y =72.72x

The leated values of rainfall rate based on the rain gauge data is represented in
i 7. All five rain gauge stations displaying the same growth of rainfall rate
the flood event. The average of total accumulated rainfall in 17 hours and 30
minutes at Kota Bharu is 3196.8 mm. According to [10] monsoon rains are normally
happen for a long duration of rainfall with irregular heavy burst and the rain intensity can
occasionally exceed certain value as mention it was several hundred mm in one day
duration. It is also important that the amount of more than 60 mm/hr is considered heavy
rain, while in this observation the average of rainfall rate occurred is 182.67 mm/hr.
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Figure 7. Accumulate Rainfall for Rain Gauge Station Yy

4. Conclusions \A% &

Salor Chabang Tiga Kg.Binjai Stor IPS

The analyses observed in this paper allows the ation of the Mairifall rate using rain
gauge data. These information based on the rain dat %&tions located at Kota
Bharu. In this paper, the researcher fixated ogﬁ rain gauge during Malaysia worst
flood in year 2014. According to our obger a very Q@me rain up to 182.67 mm/hr
has occurred during the flood disaster a ct the countyy comprise loss of human life,
damage to assets, destruction of cropg; age o% structure facilities and worsening
of health condition causes to w teﬁ»e infe .ur consequent target basically is to
derive a coefficient for an algori r predictiog technique that capable to predict flood

disasters. As the result, anywhefe aftercthis=if we noticed the similar behaviour of the
rainfall and the cloud charagteristics ih@ ate an alarm system.
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