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ABSTRACT

In a general sense, many countries rely on
rainwater as a source of water for various purposes.
The rainfall is an important source for irrigation
and supplying the water bodies for sizeable
quantities of water. The quality and accuracy
rainfall data is often poor and reliable data records
are obtainable at coarse periods such as hourly,
daily, monthly, and annually. The collection of this
data for long periods of time relativity must correct
prior to use in hydrological analysis and modeling.
Rainfall collection gauges by several factors
affected, as the existence of close barriers, the
wind, and others, this is can affect the validity and
accuracy of the data collection. This study is
attempt to analyze and adjust the data of the annual
trends of rainfall in Georgetown, Penang state
based on the recorded rainfall data from the three
main (Butterworth, Prai and Bayan Lepas)
observation stations in 2004 to 2015. The data were
analyzed to calculate and adjust the missing
amount of rainwater in three stations by using the
normal ratio and double mass analysis methods.
The study relies on Microsoft Excel software to
analyze the data statistically and assess and adjust
the missing in the rainfall data. The adjustment of
the raw date was by using of the Double Mass
Analysis (DMA) technique. The precipitation data
from three gauges stations were used to present the
curve. The estimating of the missing data was by
using the Normal Ratio Analysis (NRA) technique.
The precipitation data from three gauges stations
were used to present the curves. The results show

that the Bayan Lepas station got the greatest effect
between the whole stations. The study believes the
missing in the recorded data was because of
disturbances of theAir traffic of Penang
International Airport.

Keywords: Normal ratio analysis, Double mass
crave, Bayan Lepas, Rainfall, Penang.

I. INTRODUCTION

Water is the first requirement for survival
and one of the vital natural resources (1). The
shortage of water is growing faster than the
population in two times (2). According to United
Nations in (2014), 1.8 billion people in many
regions of the world expect to face the drinking
water shortage by the year of 2025. The rapid
growth of the population, the enormous
development in the industry and increasing demand
for water contributes significantly to the growth of
this dilemma. The alternative sources of water such
as RF are a good way to deal with cases of water
shortage. The sustainable management of water
sources can be a support of the economic and social
development of the nation (3),(4). In many
countries around the world, the rainfall water is a
principal source of water for industries, agricultures
and domestic purposes (5). Since long time ago, the
setup of the projects to collect rainwater were
spreading in many regions worldwide that lack of
surface water and even in rich water sources
countries as an optimal way of water management
for the purpose of providing water and fill the
shortage of drinking water. Rainfall plays a major
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role in supporting water resources in large
quantities of water annually.

Tropics characterized by large amounts of
semi-equal heavy Rainfall annually with the
absence of snow (6). Malaysia's ranking as one of
the most important tropical regions around the
world, receiving a huge inheritance, and plenty of
rain annually. The weather is classified by two
main types of monsoons. The period from May to
September is the Southwest Monsoon. While from
November to March is the Northeast Monsoon with
a heavy density of RF. These amounts RF

constitute a good source of many of the activities
and a mainstay of surface water and rivers.
According to WWF in Malaysia, it is estimated that
water bodies receive about 3,000 mm annually
from the RF events. It contributes to providing
about 900 billion cubic meters per year, Fig (1).
Emits the importance of the study of rainfall in
determining the characteristics of rainfall, temporal
and spatial variation, solve flooding and drought
problems and statistical modeling and forecasting
of rainfall.

/ } ) Rainfall Map for Malaysia
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Figure 1: the amount of rainfall (mm) in May 2016 in Malaysia. Source: DOM, 2016.

1. METHODOLOGY
2.1 Sampling and data collection

The annual rainfall data for twelve years,
from January 2004 to December 2015 which
collected by using tipping bucket rain gage, for
three rain gauging stations (Butterworth, Prai and
Bayan Lepas) at Penang State, Malaysia were
selected to use in this study.The sampling of the
secondary data was collected from the Department
of Meteorology-Malaysia (DOM) for three stations
in mm.

The raw data from Department of
Metrology had completed detailed gauges survey
for  these  selected  precipitation  gauges
(Butterworth, Prai and Bayan Lepas) which also
included temporary point’s inspection, rainfall
monitoring at a key location within the rainfall data
collection system.

2.2 sit survey

According to the previous studies and
literature review, Penang state is a part of
peninsular of Malaysia which located on the
northwest coast (7). The state is consisting of two
main parts, SeberangPerai and Penang Island,
Georgetown Island. The state bordered from the
north and east by the state of Kedah and on the
south by the state of Perak. According to National
Higher Education Research Institute report in 2010,
the population in Penang state was about 1.5
million people. The weather condition of Penang
state follows the weather of peninsular of Malaysia,
a tropical climate with heavy rain usually (8). The
climate affected often by the sea and smog or
chemical fog that emitted from forest fires in
Sumatra, Indonesia (6). According to DOM in
2011, this phenomenon of smog knows as a haze,
namely. The average range of temperatures is
between 26-27 “C and the total rainy days, 146 days
per year. Bayan Lepas, Butterworth and Prai are
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the stations located in the state of Penang as
regional meteorological stations in northern
Peninsular Malaysia.Fig(2). These three stations
founded in 1951, 1985 and 1984, respectively.

They are working on a recording rainfall data
periodically and regularly.
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Figure 2: the rainfall stations within Penang state.

Furthermore, Bayan Lepas station located
in Georgetown Island, while the stations of
Butterworth and Prai located in the other part of
Penang state. This location of Bayan Lepas station
can be affected by the air traffic and aircraft
landing and takeoff. In addition to that, the station
established in 1951 as a main metrological recorder

Table 1: The locations of rainfall

station for northern part of Malaysia, the data at
that certain period were collect by simple
equipments and not accurate 100 % comparing
with the much recent stations, Butterworth and Prai
in 1985 and 1984. For this reason the accuracy of
the data need to test before use it in hydrological
analysis or other activities.

stations within the study area

Geographic coordinate

Stations latitude

1 Bawan Lepas 5°17'50.78"North

2 Butterworth 5%24'6.67"North

3 DPrai 5%22'15.16"North

100°16'30.3"East

100°22'1.47" East

longitude Description
Located in Pulau Pinang/
Penang Island.

Located in the main state

of Penang / Seberang
Perai.

100°23'49 57" East Located in the main state
of Penang / Seberang
Perai.
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2.3Normal Ration Method (NRM) technique

The normal ratio method or Simple
Proportion is clarified by the normal simple ratio
between more than two stations, based on two
sober or solid data for two stations to estimate the
missing in the amount of rainfall for the third
station. The Annual Average Rainfall (AAR) is the
most important values for all stations including the
missing one when the precipitation (Py) for two
stations also required for the finding of the missing
amount of rainfall.

In 2006, Raghunath, H. M. (13),modified
another simpler and easier form of the normal ratio
method or Simple Proportion method:

PC =[x AC+ = X AC] ...... (Equation 3.2)

n: refers to the number of stations without the
missing one, n = 2 for this study.

PA: refers to the total rainfall in station A.

PB: refers to the total rainfall in station B.

PC: refers to the total rainfall in station C as a
missing point.

AA: refers to the Annual Average Rainfall (A.A.R)
for station A.

AB: refers to the Annual Average Rainfall (A.A.R)
for station B.

AC: refers to the Annual Average Rainfall (A.A.R)
for station C.

2.4 The Double Mass Curve (DMC)

Adjust and examine the recorded data is
necessary before use the rainfall data to ensure the
validity of it for different purposes. The Double
mass Curve analysis technique is one of the easier
methods to adjust and correct the shifting in the
recorded data. The change in the surrounding
environmental conditions of a station, coming of a

new building, fence, deforestations or planting of
trees may affect the catch of the gauge due to
change in the wind pattern or exposure. The using
of Double Mass curve Analysis technique is to
correct and adjust of the recorded data. The
adjustment of the data is by multiplying by the ratio
of the slope™2/y .

In this study, the adjustment of the raw
data was conducted by depended on the recorded
data for three gauges for interval of twelve years
(2004-2015). The curves of application data for the
three provide the information of the missing data
and adjust the data. The results of the correlation
analysis and the double mass curve analysis were
checked in order to contrast both series and to use
them alternatively when a segment of anyone of the
series was missing (9).

I1l. RESULT AND DISCUSSION

Briefly, after developed the research
hypothesis, selected the methods for estimating,
adjustment and analyze the data statistically by
Microsoft Excel software, will show the results in
simple and clear way, to be in easy form for the
reader to understand and absorbed through the
figures and curves that showing the steps to
conduct of the research.

The gathered data from the Department of
Metrology (DOM) for the period of twelve years
(2004-2015) for three stations showed a variation
between Bayan Lepas rainfall station and the others
two stations, Butterworth and Prai. The following
some tables and figures refer to the raw data that
collected from the Malaysian department of
Metrology.

2004
Stations JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
BAE‘W 904 378 1396 165 1406 2086 1401 2594 2298 3736 1584 364
BUTTER. 885 659 1506 2959 0992 2174 1306 2220 2480 2084 3767 193
PARI 843 130 665 3063 981 2007 1702 2351 2698 2868 2027 845
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Figure 3: the annual rainfall amounts for three stations in 2004.

2005

Stations JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

SIS o16 760 864 1406 3496 128 2094 1216 1642 241 3124 176

BUTTER. 56 958 479 1158 3993 144 2252 1564 1044 3812 2988 1382
PART 411 651 475 2212 13582 286 2112 1844 1578 2904 1874 716
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Figure4: the annual rainfall amounts for three stations in 2005.

2006
Stations JAN FEB MAR APR MAY JUN JUL AGU SEP OCT NOV DEC

BAYAN 474 974 1895 708 3807 2186 1894 1296 1674 2128 2126 1408
L

BUTTER. 438 M8 77 1748 2578 1552 3094 1418 2582 3828 3806 136
PARI 1676 707 1432 1296 748 1876 914 1044 1998 4322 375 2084
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Figure5: the annual rainfall amounts for three stations in 2006.
2007
Stations JAN FEB MAR APR MAY JUN JUL AGU SEP OCT NOV DEC
BAYANL 1276 398 1252 2792 1444 1334 2286 1832 4802 300 1456 1388
BUTTER. 772 316 586 1338 1432 224 2086 1274 3444 3214 1444 169
PARI 130 336 2056 2996 1534 1966 2953 1548 361 3745 962 171
500
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E
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Figure6: the annual rainfall amounts for three stations in 2007

The analysis of the raw data that gathered
in 2004 shows that the highest recorded of rainfall
amounts was in November within Butterworth
station, while the minimum amounts was in
December for the same station. In 2005, the data
showed that there was increased in the values of
rainfall in May within Butterworth station, when it

was recognized the decreased in the rainfall to
reach the minimum amount in January for the same
station as well. Furthermore, the period of 2006 to
2010 showed increase in the amount of the rainfall
for the months from October to December and
April to June, other than that its identified that
there was decreased in the mass of rain in January
to March.
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3.1Estimating the missing rainfall data by using
Normal Ratio Method

The estimating of the missing rainfall data
was done by using Normal Ratio Method (NRM).
The calculations were conducting by Microsoft
Excel software for the three gauges within the state

of Penang, Malaysia. As mentioned above, this
gauge is effecting by the Penang airport and the air
traffic movements. The following some tables and
figures show the results of using the Normal Ratio
Analysis for the missing data of Bayan Lepas
station at Georgetown Island.

Stations JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

BAYAN
L

79.84 50.78 1001 2782 91.16 1931 1432 2116 2397 2382 2674 481

BUTTER 885 659 1506 2959 992 2174 1396 2229 2489 2284 3767 193

PARI 843 1303 665 3063 981

2007 1702 2351 2698 2868 2027 845

rainfall (mm)

H BAYAMNLEPAS
HBUTTERWORTH
H PARI

Figure7: the annual rainfall amounts for three stations in 2004 after using NRM.

Stations JAN FEB MAR APR MAY

JUN JUL AUG SEP OCT NOV DEC

BAYAN. 9050 0055 54.57 1981 3070 253 24905 1964 1527 3798 27260 1167

BUTTER. 56 058 479 1158 3993

144 2252 1564 1044 3812 2088 1382

PART 411 631 475 2212 1582 286 2112 1844 1578 2904 1874 716

H BAYANLEPAS

HBUTTERWORTH
= PARI

Figure8: the annual rainfall amounts for three stations in 2005 after using NRM.

DOI: 10.35629/5252-0512186196  |Impact Factorvalue 6.18| 1ISO 9001: 2008 Certified Journal ~Page 192



International Journal of Advances in Engineering and Management (IJAEM)
Volume 5, Issue 12 Dec 2023, pp: 186-196 www.ijaem.net ISSN: 2395-5252

JAEM
2006
Stations JAN FEB MAR APR MAY JUN JUL AUG SEP OCI NOV DEC
B"‘E‘*N 9797 5278 1009 1371 1474 1558 1777 1108 206480 3701 3422 1573
BUTTER. 438 448 77 1748 2578 1552 3094 1418 2582 3828 3806 136
PARI 1676 707 1432 1296 748 1876 914 1044 1998 4322 375 2084
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Figure9: the annual

rainfall amounts for three stations in 2006 after using NRM.

2007
Stations JAN FEB MAR APR MAY JUN JUL AGU SEP OCT NOV DEC
B’“‘E’“‘N 1059 3413 1307 2313 1552 2224 2599 1467 3695 3625 1200 1784
BUTTER. 772 316 586 1558 1432 224 2086 1274 3444 3214 1444 169
PARI 130 336 2056 2996 1534 1966 2953 1548 361 3745 962 171
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Figurel0: the annual rainfall amounts for three stations in 2007 after using NRM.
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The Normal Ratio Method (NRM) is one
of the best methods that use in estimating the
missing rainfall data (14). The method is based on
analyzing the recorded data for more than two
rainfall stations. This method was showed a
sufficient accuracy in estimated the missing
amounts of rainfall within the stations of the study
site. The results were conducted based on the data
of the stations that there are increasing in the mass
of rain within the station of Bayan Lepas and this
increase refers to the missing of the rainfall during
the rain storms.

The results showed that the amounts of the
rainfall were changed to thereal values, this change
in the data for Bayan Lepas is logical and explain
of the change in the environment and surrounding
conditions, such as the new barriers, brake down of
the devises and gauges and other factors that affect
directly on the tends of rain.

3.2 The adjustment of the rainfall data by using
the Double Mass Curve (DMC)

The using of Double Mass Curve analysis
technique is to adjust and correct the the mass and
the amount of rainfall according to the recorded
data for the previous years for more than two
rainfall gauges. This study was rely on the data of
three main stations at Penang state to draw the
rainfall curve. The results show that there is
missing in the volume of precipitation for Bayan
Lepas gauge and adjust it by find the correlation
amoung the three stations.

In order to adjust the rainfall data by using
Double Mass Curve analysis technique, requied to
calculate the avarage of the total annual rainfall and

the annual cumulative for the three stations. From
the annual cumulative for the stations easy to find
the avarage annual cumulative for all of them.

To sum up, by applied the amount of the
average cumulative rainfall for the three station on
the curve can easily recognize the shifting in the
rainfall amounts, as shown in Fig. (11). It can be
clearly identified that there is a distinct change in
curve between the years 2010 to 2015, which
indicates that a change in system (exposure) has
occurred in the year 2010. To deal with this
dilemma and correct the records in more accurate
form by calculate the ratio of ( m; /m,), were my is
refer to the first slope and m, refers to the second
slope (slope; /slope,). The following calculations
are the simple way to achieve that:

Cumulative rainfall (2011 to 2015) = 26409.3 —
16042.1 = 10367.2 mm

Slope 1=2.4/2.9 = 0.82758621

Slope 2=1.8/2.9 = 0.62068966

Adjustment for environmental changed = 16042.1
x Slope 1/ Slope 2

16042.1
% (0.73086286/1.049129901)

11175.52277 mm
Cumulative rainfall (2004 to 2015) = 10367.2 +
11175.52277 = 21542.72277 mm

(For the current environment)
AAR adjusted for the current regime =
21542.72277 ] 12 = 1795.226897

Double Mass Curve Analysis
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Figure 11: the Double mass curve analysis for three stations.
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IV. CONCLUSION

To sum up, the shortage of water is
growing faster than the population in two times (2).
Many countries worldwide rely on the rainfall in
irrigate the crops, industries and other uses. The
rapid growth of the population, the enormous
development in the industry and increasing demand
for water contributes significantly to the growth of
this dilemma. Rainfall plays a significant role in
providing water for various activities. The
alternative sources of water such as rainfall are a
good way to deal with cases of water shortage (10).
The sustainable management of water sources can
be a support of the economic and social
development of the nation (3),(4). Emits the
importance of the study of rainfall in determining
the characteristics of rainfall, temporal and spatial
variation, solve flooding and drought problems and
statistical modeling and forecasting of rainfall for
agricultural purposes.

Furthermore, it’s easy to recognize the
variation in the recorded data between Bayan Lepas
station and the others two stations in the raw data.
The results showed that there are huge degradations
in the amounts of the rainfall for the Bayan Lepas
rainfall gauge comparing with the other two
gauges. These degradations or changes in the
precipitation data of Bayan Lepas rainfall station
came from many external distributions. It is
expected that the effect of the airport and the air
traffic movements were the main purposes of lost
huge amounts of rainfall during the record. The
effect of the wind storms, sea and others
disturbances were also could take place and affect
the accuracy of the rainfall data. These differences
in the rainfall values push the attention to find a
way to adjust and estimating the missing rainfall
within this station by using easier methods and
software to present the curves and figures of the
lost amounts.

The Normal ratio and the Double mass
curve analysis techniques were the simple and
easiest methods that used since 1950 to estimate
and adjust the precipitation values (12),(14). As
results of using the Normal ratio and the Double
mass curve analysis techniques were showed
logical increases and explain the change in the data
to a real one. In addition to that, these increased in
the data explain the effect of the environment and
surrounding conditions and factors which affect
directly on tends of rain. The adjustment of the
rainfall data by using Double Mass Curve analysis
technique showed that there is a distinct change in
the curve between the years 2010 to 2015, which
indicates that a change in the system (exposure) has

occurred in the year 2010. This shifting in the data
indicates that the accuracy of the recorded data
must adjust and correct before use it in the
hydrological analysis and other purposes.

Recommendations

Penang state is one of the tourist areas in
the peninsular of Malaysia. This area has a high
precipitation annually and defines as a first station
to record the rainfall mass in Malaysia. The change
in the surrounding conditions and environment
affect directly on the characterizations of the data.

This study recommends the following points:

e The quality of the data must be examined from
time to time to ensure the accuracy of recorded
values of precipitation.

e Must take in the considerations the change in
the vicinity of the stations, environmental
conditions and obstacles that surround the
stations to ensure good quality of the recorded
data.

e Conducting statistical analyzes and data
modification and adjustment of the rainfall
before use in hydrological analysis and other
operations.

e Reduce the smoke from forest fires in Sumatra,
Indonesia, which is very large impact on the
amount of rainfall and high temperatures and
the growing phenomenon of nanotechnology
by the contracts and agreements and achieve
the cooperation efforts between the Asian
countries.

e Supporting and activating the role of
organizations and research institutions that
specializing in the study of climate change and
rain.

e Choosing new areas to estimate the amount of
rainfall stations which locate far from the
influence of human and natural activities
which contribute effectively to give a clear and
real picture of the amount of rain for the area.

REFERENCES

[1]. Behmel, S., Damour, M., Ludwig, R., &
Rodriguez, M. J. (2016).Water quality
monitoring  strategies—A review and
future perspectives. Science of The Total
Environment.

[2]. Food, F. A. O. (2015).Agriculture
Organization of the United Nations—
Statistics Division. Fao Stat: Agriculture
Data.

[3]. Raja ZainalAbidin, R. D. Z., 2004.Water
resources management in Malaysia — The
way forward. In: Asia Water 2004 30

DOI: 10.35629/5252-0512186196  |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal ~Page 195



International Journal of Advances in Engineering and Management (IJAEM)
Volume 5, Issue 12 Dec 2023, pp: 186-196 www.ijaem.net

[4].

[5].

[6].

[7]1.

8].

[9].

[10].

[11].

[12].

[13].

March — 2 April 2004, Kuala Lumpur,
Malaysia.

Lee, K. E., Mokhtar, M., Hanafiah, M. M.,
Halim, A. A., & Badusah, J. (2016).
Rainwater harvesting as an alternative
water resource in Malaysia: potential,
policies and development. Journal of
Cleaner Production.

Suhaila, J., &Jemain, A. A. (2008). Fitting
the statistical distribution for daily rainfall
in Peninsular Malaysia based on AIC
criterion. J. Appl. Sci. Res,4(12), 1846-
1857.

De Silva, R., Dayawansa, N., & Ratnasiri,
M. (2007). A comparison of methods used
in estimating missing rainfall data. Journal
of Agricultural Science, 3, 101-108.
Yahaya, A. S., Ahmad, F., Mohtar, Z. A,,
& Suri, S. (2016). Determination of
rainfall erosivity in Penang. Japanese
Geotechnical Society Special Publication,
2(31), 1132-1136.

Sobli, N. H. M., Ismail, A. F., Asnawi, A.
L., Nordin, M. A. W., &Khairolanuar, M.
H. (2016).Assessment of Statistical and
Empirical  Conversion  Methods  of
Integration Time for Rainfall Rate in
Malaysia.InAdvanced  Computer  and
Communication Engineering
Technology (pp. 1063-1072). Springer
International Publishing.

Tabari, H., Somee, B. S., & Zadeh, M. R.
(2011). Testing for long-term trends in
climatic variables in Iran. Atmospheric
Research, 100(1), 132-140.

Yee, K. C., Suhaila, J., Yusof, F., &
Mean, F. H. (2016, June).Bivariate copula
in Johor rainfall data. In ADVANCES IN
INDUSTRIAL AND APPLIED
MATHEMATICS: Proceedings of 23rd
Malaysian  National =~ Symposium  of
Mathematical Sciences (SKSM23) (Vol.
1750, No. 1, p. 060019). AIP Publishing.
Chin, R. J,, Lai, S. H., Chang, K. B.,
Othman, F., &Jaafar, W. Z. W. (2016).
Analysis of rainfall events over Peninsular
Malaysia. Weather, 71(5), 118-123.

Camerlengo, A. L., &Somchit, N.
(2000).Monthly and annual rainfall
variability in Peninsular

Malaysia. Pertanika Journal of Science &
Technology, 8(1), 73-83.

Raghunath, H. M. (2006). Hydrology:
principles, analysis and design. New Age
International.

[14].

Narayanan, P., Sarkar, S., Basistha, A.,
&Sachdeva, K. (2016).Trend analysis and
forecast of pre-monsoon rainfall over
India. Weather, 71(4), 94-99.

DOI: 10.35629/5252-0512186196

[Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal

Page 196



