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Received The objective of this study was to determine theasly-state probability for

22 May 2017 the daily maximum temperature in Peninsular Malagsi Data of daily
maximum temperature from Malaysian Meteorological epartment were

Received in revised forn analyzed. Ten stations in Peninsular Malaysia wemeamined. The transition
6June2017 count, chi-square test, transition probability areleady-state probability were
obtained. The steady-state probability results skdvthat after a sufficiently

Accepted long time, there was a high probability for the s$i@ans to encounter the

20 June 2017 slightly warm temperature, with the range of maximutemperature from
30.1°C to 34.0°C, except Chuping and Alor Setarden be warmer with the

range of maximum temperature from 38.1°C to 42.0&@d Muadzam Shah

tend to be in warm state with the range of maximumemperature from

34.1°C to 38.0°C. The importance of knowing theatg-state probability of

slightly cool, neutral, slightly warm, warm and hdemperature would help

the citizens with the awareness and effects of @imwarming.

Keywords: daily maximum temperature; Markov Chain; steady-state
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1. INTRODUCTION

As defined by Wikipedia, “temperature is an objeetcomparative measure of hot or cold”
(Wikipedia, 2016). Fielct al. (2012) suggested many places in the world aresoff from
climate warming. Gayo and Tolosa (2015) proposecetirth is getting warmer unless drastic
actions were taken to reduce the effects of hediadlly. Water resources, coastal resources,
forestry, agriculture and health were some of thgacts of climate change.

Dai et al. (2016) suggested in the study the need to asBesse trends for agriculture. The
data for the study were during the period of 198@au2013 for 12 Midwestern US states and
the result showed that during the end of the grgwseason especially in September, the
maximum temperature rose faster. Wolfe (2013) dtate risk of crop failure increased
because of climate warming. According to Gaal. (2015), the daily maximum temperature
was predicted to increase by up to 8.0°C in Africa.

Lumioan (2011) reported in Philippine Daily Inquitbat the maximum recorded temperature
of all-time in National Capital Regio®hilippinewas on May 14, 1987, which was recorded
as 38.5°C. The frequency of hot days and warm sighimany locations in Philippine had
significantly increased during 1960 until 2003 agparted by Philippine Atmospheric,
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Geophysical & Astronomical Services AdministratigPAGASA) in Gayo and Tolosa
(2015).

According to Taret al. (2007), heat wave occurred when the daily maxinbemmperaturdor

a specified number of dagxceeded a critical threshold defined medicaligtional Weather
Service illustrated heat wave as “a period of almadly and uncomfortably hot and unusually
humid weather” with length divo or more day¢National Weather Service, 2016). Kuest

al. (1993), Currieroet al. (2002) and Hajatet al. (2002) inKeellings and Wayler{(2011)
suggested high temperature could increase death wdten temperature rose above the local
population’s threshold or critical value.

In measuring the risk of high temperature eventsvalthe critical temperature threshold,
Keellings and Waylen (2011) built simple stochastiodels. The study used the historic
datasets maximum daily temperature from meteoroégstations in Lake City, DeFuniak
Springs, Avon Park, and Fort Myers, Florida frdi®90s to 2008. Thsetudy reflected the
significance of statistical stochastic variabldsated to the events of the high temperature or
heat waves. Notét al. (2001) used daily maximum temperature data of tafass in the
Sydney area to illustrate the used of Markov clma@thods for computation. Barkotulla and
Rahman (2012) investigated prediction transitioobpbilities for environmental impact
analysis and concluded that the Markov chain modek suitable in the field of
environmental sciences.

Hasan (2015) studied the long-run proportion oktifor the daily maximum temperature for
five stations in the Northern part of Malaysia fbe duration of ten years. The result showed
that after a sufficiently long time, Malaysia wousdill be experiencing slightly warm
temperature. Bernama (2016) reported Chuping and 3¢tar experienced hot weather with
the recorded temperature 39.1°C and 39.0°C respécti

The objective of this study was to determine theady-state probability for the daily
maximum temperature for ten stations in PeninsMataysia for the duration of twenty
years. This study was a further exploration on shedy done by Hasan (2015). The
importance of knowing the steady-state probability range of maximum temperature for
each studied stations whether it was slightly coautral, slightly warm, warm and hot
temperature would help the citizens with the awassrand effects of climate warming.

The secondary data of daily maximum temperaturanfralaysian Meteorological

Department were analyzed. Ten stations in Peninddidaysia were examined; Chuping,
Alor Setar, Bayan Lepas, Kota Bharu, Kuala Terengg®uadzam Shah, KLIA, Malacca,
Mersing and Senai. Data of daily maximum tempeeatuere from January 1, 1994 up to
December 31, 2013 except KLIA which are from Jylyt998 up to December 31, 2013.
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2.METHODOLOGY

As mentioned, the data of daily maximum temperatoraprised of ten stations in Peninsular
Malaysia. These stations were chosen to represeeta locations in Peninsular Malaysia.
The transition count, chi-square test, transitioobpbility and steady-state probability were
obtained.

According to Gayo and Tolosa (2015), Markov Chaiacpss is “where the outcome of a
given experiment can affect the outcome of the egperiment”. Referring to Adam (2016),
the Markov Chain stochastic process with continymarametei,, n > 0:

PX ey = 171X, =1,Xq =1,n=1.X, =1,X,] = R...)
for all statesi,,...,i,,i, J] andn=>1.

Hasan (2015) stated the transiton count matrixM ., =[M; Wwhere

{i =12,..,n;j = 12,...,n} andn depended on the number of states present.

nxn

The chi-square test was used to test the independi¢me stations. According to McClaee
al. (2014), the formula for the chi-square statistiedus1 the chi square test was

2 Oi_Ei2
2oy - )

where the subscript “c” was the degrees of freedddi, was the observed value of the
frequency states of transition for daily maximumperature and E was the expected value
states of transition for daily maximum temperature.

Table 1 shows the states of transition and rangeewoifperature according to Lin and
Matzarakis (2008) to determine the state of tréorsifor this study.

Table 1: State of Transition and Range of Tempegatu

State of transition Range of temperature
Slightly cool (C) 22.1-26.0
Neutral (N) 26.1 - 30.0
Slightly warm (S) 30.1-34.0
Warm (W) 34.1 -38.0
Hot (H) 38.1-42.0

3. RESULTSAND DISCUSSION
3.1 The Lowest and Highest Daily Maximum Temperatuior Each Station

The results in Table 2 show the lowest and higldesty maximum temperature for each
station. The results show the lowest daily maximi@mperatures are between 23.3°C to
25.1°C. Therefore, all stations fell in the catggselightly cool state of transition for the
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lowest daily maximum temperature. Chuping staticad ithe highest daily maximum
temperature, 40.1°C followed by Alor Setar stat®®,1°C, which fall into the category of hot
state of transition. While other stations fell lretcategory warm state of transition for the
highest daily maximum temperature.

Table 2: The Lowest and Highest Daily Maximum Terapeare for Each Station

Location _Lowest Daily _Highest Daily
Maximum Temperature Maximum Temperature

Chuping 23.7 40.1
Alor Setar 24.8 39.1
Bayan Lepas 25.1 35.6
Kota Bharu 23.8 36.4
Kuala Terengganu 23.8 35.8
Muadzam Shah 23.3 37.3
KLIA 24.2 37.2
Melaka 244 38.0
Mersing 23.6 36.2
Senai 23.4 37.2

3.2 Transition Count for Daily Maximum Temperature

Table 3 shows the frequency states of transitiore&eh ten stations in Peninsular Malaysia.
The results illustrated that most of the maximuntydemperature for these ten stations were
slightly warm, which are between 30.1°C to 34.08Duping in Perlis and Alor Setar in
Kedah encountered hot temperature, with the raragly dhaximum temperature between
38.1°C to 42.0°C.

Table 3: Frequency States of Transition for Dailsgp{inum Temperature

State of Transition
Location Slightly Neutral Slightly Warm Hot
cool warm

Chuping 30 568 5084 1587 35
Alor Setar 22 529 5325 1400 5
Bayan Lepas 6 721 6418 159 0
Kota Bharu 61 1593 5465 185 0
Kuala Terengganu 53 1441 5620 190 q
Muadzam Shah 92 835 4761 1610 q
KLIA 7 507 4748 400 0
Melaka 20 611 6113 560 0
Mersing 85 1809 5233 177 0
Senai 62 944 5817 481 0
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3.3Chi-square Test

A test of independence using Chi-square test wasrmpeed. The null hypothesis statement
was the states of transition were independent ef dfations. The alternative hypothesis
statement was the states of transition were depedehe stations. For the possibility of the
chi-square test result for this study, the freqyestates of transition count for daily maximum
temperature for warm and hot were combined. Thestasistics obtained was 7454.0209 with
the p-value of 0.0000. The null hypothesis wasctepk The chi-square result showed that the
states of transition were significantly dependdrhe stations.

3.4 Transition Probability for Daily Maximum Tempaiture

Table 4 shows the transition probability for daiyaximum temperature for ten stations. We
can see that both Chuping and Alor Setar statibaw/ed no records of the transition from the
state of slightly cool moving to the state of hbbere were no records of the transition from
the state of slightly cool moving to the state odrm and hot for all other stations in
Peninsular Malaysia. In addition, all stations shdwo evidence of the warm state moving to
slightly cool state, except for Chuping stationhaat very small probability 0.0006.
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Table 4: Transition Probability for Daily Maximunemperature
State of transition
Location Slightly cool Neutral Slightly warm Warm Hot
(®) (N) S) (W) (H)
C 0.0667 0.5000 0.4333 0.0000 0.0000
N 0.0264 0.2817 0.6849 0.0070 0.00p0
Chuping S 0.0024 0.0751 0.8236 0.0985 0.0004
w 0.0006 0.0069 0.3119 0.6698 0.01p7
H 0.0000 0.0000 0.0000 0.5429 0.4571
C 0.0000 0.5000 0.5000 0.0000 0.0000
N 0.0151 0.2722 0.7032 0.0095 0.00p0
Alor Setar S 0.0026 0.0684 0.8505 0.0785 0.0000
w 0.0000 0.0071 0.2950 0.6950 0.0029
H 0.0000 0.0000 0.0000 0.8000 0.2000
C 0.0000 0.5000 0.5000 0.0000
Bayan N 0.0042 0.2621 0.7337 0.0000
Lepas S 0.0005 0.0824 0.9004 0.0167
W 0.0000 0.0000 0.6730 0.3270
C 0.1967 0.6885 0.1148 0.0000
Kota Bharu N 0.0264 0.6842 0.2888 0.0006
S 0.0013 0.0840 0.8935 0.0212
W 0.0000 0.0108 0.6216 0.3676
C 0.0755 0.6415 0.2830 0.0000
Kuala N 0.0264 0.6440 0.3296 0.0000
Terengganu S 0.0020 0.0851 0.8980 0.0149
W 0.0000 0.0053 0.4368 0.5579
C 0.2609 0.5000 0.2391 0.0000
Muadzam N 0.0515 0.3760 0.5401 0.0323
Shah S 0.0053 0.0914 0.7477 0.1556
W 0.0000 0.0254 0.4516 0.5230
C 0.1429 0.2857 0.5714 0.0000
KLIA N 0.0059 0.1992 0.7909 0.0039
S 0.0006 0.0842 0.8673 0.0478
W 0.0000 0.0100 0.5650 0.4250
C 0.2000 0.4500 0.3500 0.0000
Malacca N 0.0115 0.1849 0.8036 0.0000
S 0.0015 0.0788 0.8757 0.0440
W 0.0000 0.0125 0.4679 0.5196
C 0.1765 0.6824 0.1412 0.0000
Mersing N 0.0310 0.5959 0.3698 0.0033
S 0.0027 0.1261 0.8488 0.0224
W 0.0000 0.0734 0.6215 0.3051
C 0.1613 0.5484 0.2903 0.0000
Senai N 0.0297 0.2595 0.6981 0.0127
S 0.0041 0.1126 0.8379 0.0454
W 0.0000 0.0229 0.5509 0.4262

p-ISSN 1675-7939; e-ISSN 2289-4934
© 2017 Universiti Teknologi MARA Cawangan Pulau &g

134



o

ESTEEM Academic Journal UNIVERSITI

Vol. 13, Special Issue, August 2017, 129-138 > ;ljllji\?’\!\ixOLOGl

3.5 Steady-State for Daily Maximum Temperature

Table 5 shows the results of steady state or aetithe limit probabilities for daily maximum
temperature for ten stations. After a sufficiemtligg time, there was a high probability for the
studied stations in Peninsular Malaysia encourter dlightly warm temperature, with the
range of maximum temperature from 30.1°C to 34.0°C.

Bayan Lepas, KLIA and Malacca stations are amorg ldwest steady-state proportion
encountered slightly cool temperature but among Kighest steady-state proportion
encountered slightly warm temperature, comparethéoother seven stations. The result of
this study consistent with Hasan (2015) that tiveas a high probability for the stations in
Peninsular Malaysia encountered the slightly waremperature followed by warm

temperature.

The Mersing station had the highest steady-staipgstion encountered neutral temperature,
with the range of daily maximum temperature from126 to 30.0°C, followed by Kota
Bharu and Kuala Terengganu stations. The Bayand sfaion had the highest steady-state
proportion encountered slightly warm temperatureth ithe range of daily maximum
temperature from 30.1°C to 34.0°C, followed by KL&d Malacca stations. The Chuping
and Muadzam Shah stations had the highest steatdy{stoportion encountered the warm
temperature, with the range of daily maximum terapee from 34.1°C to 38.0°C, followed
by Alor Setar station.

The Chuping and Alor Setar stations were the otdlians encountered the hot temperature,
with the range of daily maximum temperature fromil38 to 42.0°C. The result that Chuping
and Alor Setar experienced hot temperature comsgistgh Bernama (2016) which reported
Chuping and Alor Setar experienced hot weather wighrecorded temperature 39.1°C and
39.0°C respectively. The significance of this studympared to Hasan (2015) was the
additional results that Chuping and Alor Setar e)gmeed hot temperature, and Muadzam
Shah encountered warm temperature due to the dardkie data of daily maximum
temperature for twenty years with ten locationBaminsular Malaysia.

Table 5: Limiting Probabilities for Daily Maximumemperature

State of Transition
Location Slightly cool ~ Neutral  Slightly warm  Warm oH
Chuping 0.0041 0.0778 0.6961 0.2173 0.0048
Alor Setar 0.0030 0.0727 0.7314 0.1923 0.0p07
Bayan Lepas 0.0008 0.0987 0.8787 0.0218
Kota Bharu 0.0084 0.2181 0.7482 0.0253
Kuala Terengganu 0.0073 0.1973 0.7694 0.0260
Muadzam Shah 0.0126 0.1146 0.6522 0.2206
KLIA 0.0012 0.0896 0.8388 0.0704
Malacca 0.0027 0.0837 0.8369 0.0767
Mersing 0.0116 0.2477 0.7165 0.0242
Senai 0.0085 0.1294 0.7963 0.0658
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4. CONCLUSION

Data of daily maximum temperature for ten locatioveye analysed. The objective of this
study was to determine the steady-state probabjditythe daily maximum temperature in
Peninsular Malaysia. The steady-state results sthalag after a sufficiently long time, there
was a high probability for the studied station®eninsular Malaysia encountered the slightly
warm temperature, with the range of maximum tentpezafrom 30.1°C to 34.0°C. The
objective of this study to determine the steadyestarobability for the daily maximum
temperature in Peninsular Malaysia was successadhieved. By determining the steady-
state probability for the daily maximum temperatimePeninsular Malaysia, the state of
transition for each of the studied stations camd&termined. The importance of knowing the
steady-state probability the range of maximum tewaipee for each studied stations whether
it was slightly cool, neutral, slightly warm, waramd hot temperature would help the citizens
with the awareness and effects of climate warming.

In conclusion, after a sufficiently long time, thewas a high probability for the studied
stations in Peninsular Malaysia encountered tlghyi warm temperature, with the range of
maximum temperature from 30.1°C to 34.0°C, excdpipgihg and Alor Setar tended to be
hotter with the range of maximum temperature fra8nl3C to 42.0°C and Muadzam Shah
tended to be in warm state with the range of marinemperature from 34.1°C to 38.0°C.
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