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 Background: Extreme temperature trends is among one of the current, most-discussed 
topics in global climatic research. The interest could be the result of extreme climatic 
events such as droughts and heat waves that are happening worldwide. Accurate 
prediction of extreme temperature variability is important in the monitoring of extreme 
temperature pattern so that suitable preventive measures can be planned. Objective: 
The main objective of this study is to analyze changes in the annual average daily 
temperature recorded at twenty-three meteorological stations in Malaysia. Results: The 
trends in the temperature are assessed by the linear least square method. The results 
showed a significant warming trend at most of the stations. Conclusion: The increase 
in temperature may be caused by natural or anthropogenic factors. The results obtained 
from this study provide useful information on observed regional temperature trends and 
assistance in future planning. 
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INTRODUCTION 

 
Global warming does not occur uniformly over time and space.  Some countries are warming more than 

others, some less and some not much at all.  Over the period from 1880 to 2012, the globally averaged combined 
land and ocean surface temperature indicate a warming trend of 0.85°C [1]. In the United States, warming trend 
began accelerating everywhere from 0.127°F per decade over the 100-year period, to 0.435°F per decade since 
1970 [2]. As a result of extreme climatic events such as droughts and heat waves that are happening worldwide, 
global climatic research are now focusing on extreme temperature trends. Researchers and meteorologists believe 
that it is important to monitor trends in extreme temperature and predict the temperature variability accurately.  
This is because changes in extreme temperature have significant impacts to the living conditions and 
sustainability of economic development. 

Most studies that are related to extreme temperature trends at global or local scales are based on daily 
maximum, minimum and average temperatures. In analyzing the mean (TAVG), maximum (TMAX) and 
minimum (TMIN) temperatures data from four cities in Saudi Arabia, Krishna [3] found that the temperature in 
all cities has risen significantly. Keggenhoff et al. [4] who used daily TMAX and TMIN data from eighty-eight 
stations in Georgia, reported that the temperature extremes showed significant warming trends during the analysis 
period of 1971-2000. A similar study was conducted by Kruger and Shongwe [5] in South Africa for the period 
from 1960 to 2003. Using daily TMAX and TMIN data, they identified that many stations used in the study 
showed significantly positive results in temperature trends.  

The changing patterns in the trend of temperatures have also been examined in Malaysia. Wai et al [6], while 
studying a global warming trend using approximately 50 years of temperatures data (1951-2001), detected a 
significant increase in the mean of the annual temperature in Malaysia. Tangang et al. [7] also reported that most 
regions in Malaysia experienced warming during 1961-2002. The warming rates of Peninsular Malaysia and 
northern Borneo are between 2.7-4.0°C/100 years. In both studies, the trends were estimated using regression 
lines.  There are few studies in Malaysia that are related to extreme temperatures and the focus were more on the 
modeling of extreme temperatures using generalized extreme value (GEV) distribution [8,9,10]. This study also 
analyzes extreme temperatures in Malaysia; however it focuses on trends in the daily average temperatures 
obtained from several meteorological stations in the country.  
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Data And Methods: 
Data Descriptions: 

The daily average temperature data (in degree Fahrenheit (°F)), of twenty-three meteorological stations 
across Malaysia was obtained from the National Climatic Data Center website. Details of the data for each station 
are shown in Table 1. The longest period of data recorded is 34 years old while the shortest period is 8 years. 
Fourteen of the stations are located in Peninsular Malaysia while nine others are located in Sabah and Sarawak. 

 
Table 1: List of meteorological stations 

Station Name Period of data Region 
Longitude 
(decimal degree) 

Latitude   (decimal 
degree) 

Sultan Abdul Halim (SAH)  2005-2014 (10 years) Northern PM 6.183 100.400 
Bayan Lepas (BL) 1981-2014 (34 years) Northern PM 5.300 100.267 
Bintulu  1981-2014 (34 years) SS 3.200 113.033 
Butterworth (BTW) 2005-2014 (10 years) Northern PM 5.467 100.383 
Sultan Azlan Shah (SAS) 2005-2014 (10 years) Northern PM 4.567 101.083 
KLIA 2007-2014 (8 years) Central PM 2.717 101.700 
Kota Bharu (KB) 1981-2014 (34 years) East Coast PM 6.167 102.283 
Kota Kinabalu (KK) 1981-2014 (34 years) SS 5.933 116.050 
Kuala Terengganu (KT) 2006-2014 (9 years) East Coast PM 5.383 103.100 
Kuantan  1981-2014 (34 years) East Coast PM 3.783 103.217 
Kuching  1981-2014 (33 years) SS 1.483 110.333 
Kudat  1981-2014 (34 years) SS 6.917 116.833 
Labuan  1988-2014 (27 years) SS 5.300 115.250 
Langkawi  2005-2014 (10 years) Northern PM 6.333 99.733 
Malacca 1981-2014 (34 years) Southern PM 2.267 102.250 
Mersing  2005-2014 (10 years) Southern PM 2.450 103.833 
Miri  1981-2014 (34 years) SS 4.333 113.983 
Sandakan 1981-2014 (34 years) SS 5.900 118.067 
Senai 2001-2014 (14 years) Southern PM 1.633 103.667 
Sibu 1981-2014 (34 years) SS 2.333 111.833 
Sitiawan 1981-2014 (34 years) Northern PM 4.217 100.700 
Subang 1981-2014 (33 years) Central PM 3.117 101.550 
Tawau 1988-2014 (27 years) SS 4.267 117.883 

Note: PM = Peninsular Malaysia  SS = Sabah and Sarawak 
 
Homogeneity Testing: 

 As a preliminary procedure before the climatic analysis, a homogeneity testing was conducted to identify 
any inhomogeneous series in the dataset. Homogeneous data are the data taken at a time within the same 
environment using the same instruments [11]. If any inhomogeneous series are detected, the series would be 
adjusted or removed from the analysis. In this study, the RHTestV4 was used to identify step changes in the 
station temperature time series. The RHTestV4 is a software package which was developed by Wang and Feng 
[12] to detect and adjust for multiple change points that could exist in a data series [12]. 

 
Extreme Temperature Indices: 

 A set of extreme temperature indices has been developed by the Expert Team on Climate Change Detection 
and Indices (ETCCDI) to ease measurement of daily variability and to provide useful information to society [13]. 
However, the recommended extreme temperature indices were derived from daily observations of maximum and 
minimum temperature data. In order to meet the need of evaluating how much the average daily temperature 
changed each decade over the years, six extreme temperature indices were formulated. These indices were 
derived from the daily average temperature data and only focused on annual basis as presented in Table 2.  

    
Table 2: Six extreme temperature indices 

Categories Indices Description ID (units) 
Absolute Indices Highest average temperature TVX (°F) 

Lowest average temperature TVN (°F) 
Percentile-based Indices The coldest deciles for average temperature TV10P (%) 

The warmest deciles for average temperature TV90P (%) 
Threshold Indices Number of days exceeding 82.4°F (28°C) SV28 (days) 

Number of days exceeding 86.0°F (30°C) SV30 (days) 

 
Threshold Selection for Temperature Indices: 

ETCCDI has suggested some thresholds for the extreme temperature indices such as frost days (daily 
minimum temperature below 0°C), summer days (daily maximum temperature above 25°C) and tropical nights 
(daily minimum temperature below 20°C). However, these thresholds are not appropriate in this study as 
Malaysia’s tropical rainforest climate is always hot and humid throughout the year, with an annual mean surface 
temperature ranging from 26°C to 28°C [14]. Hence, the threshold is adjusted so that the daily average 
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temperature above 28°C (SV28) is fixed as the first threshold temperature index because it exceeds the value of 
the annual mean temperature. The second threshold is determined from considering the influence of temperature 
on agriculture products where higher temperature is known to reduce yields. Evaluation of the optimum annual 
temperature for major economic crops in Malaysia [14] shows that the upper range of the optimum annual 
temperature is between 30°C and 34°C; the lowest value is for rubber production while the highest value is for 
rice production. Consequently, the daily average temperature greater than 30°C (SV30) is chosen as the second 
threshold temperature index.  

 
Linear Least Square Fitting: 

The linear least square fitting was applied to find the best fitting straight line through the set of data. The 
linear least square fitting considers the deviation of a dependent variable, Y , from its expected value. The 
deviation, which is also the error,ε , is 

0 1( )Y Xε β β= − + , 

where X is the predictor variable while 
0

β and 
1

β  are unknown parameters, representing the intercept and 

trend coefficient of the fitted straight line, respectively. By squaring each deviation and then summing them all 
up,  Q  is obtained as follows: 
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The values of  
0

β  and  
1

β  are estimated by minimizing the function Q . In this study, the observed trend was 

on the fit of the temperature indices (the dependent variable, Y ) with respect to time (annual basis) (the predictor 
variable, X ). The annual highest (lowest) value of daily average temperature (°F) represent the dependent 
variable for the absolute temperature indices while the percentage of time (%) when daily average temperature < 
10th (> 90th) percentile represent the dependent variable for the percentile-based temperature indices. For the 
threshold temperature indices, the trend was on fitting the annual count (days) when daily average temperature > 
82.4°F (> 86.0°F) as the dependent variable. Results with ap -value less than 0.10 is considered as statistically 

significant. A positive value of the trend coefficient indicates an increasing trend whilst a negative value indicates 
otherwise.  

 
RESULTS AND DISCUSSIONS 

 
A homogeneity testing of the data indicated that no artificial step change was identified in the station 

temperature time series. Consequently, the extreme temperature trends were calculated for the extreme 
temperature indices based on daily average temperature of the twenty-three stations, as shown in Table 3. Bold 
values indicate statistical significance at the 90% confidence level.  

 
Table 3: Extreme temperature trends 

Station Name TVX Coefficient          
(p-value) 

TVN 
Coefficient        
(p-value) 

TV10P  
Coefficient                                                  
(p-value) 

TV90P 
Coefficient         
(p-value) 

SV28 
Coefficient                                                   
(p-value) 

SV30 
Coefficient           
(p-value) 

Sultan Abdul Halim 
0.087 (0.416) 0.282 (0.019) -0.139 (0.642) 

-0.515 
(0.481) 

-0.733 
(0.777) 

-0.097 (0.921) 

Bayan Lepas 0.061 (0.000) 0.057 (0.000) -0.459 (0.000) 0.791 (0.000) 5.442 (0.000) 0.272 (0.008) 
Bintulu -0.043 (0.059) -0.039 (0.007) 0.028 (0.638) 0.078 (0.490) 0.279 (0.489) -0.020 (0.135) 
Butterworth 0.127 (0.220) 0.286 (0.075) -1.170 (0.068) 0.115 (0.903) 1.903 (0.451) 0.709 (0.309) 
Sultan Azlan Shah 0.098 (0.415) 0.375 (0.013) -1.091 (0.103) 0.273 (0.751) 1.582 (0.704) -0.006 (0.982) 
KLIA 

0.321 (0.003) 0.194 (0.224) -1.833 (0.013) 3.655 (0.003) 
15.357 
(0.004) 

1.036 (0.015) 

Kota Bharu 0.021 (0.217) 0.044 (0.013) -0.292 (0.002) 0.385 (0.003) 1.485 (0.003) 0.020 (0.629) 
Kota Kinabalu -0.015 (0.365) -0.004 (0.799) -0.084 (0.195) 0.259 (0.013) 1.470 (0.003) -0.069 (0.419) 
Kuala Terengganu 

0.350 (0.031) 0.405 (0.004) -2.183 (0.324) 1.917 (0.104) 
11.450 
(0.039) 

0.533 (0.049) 

Kuantan 0.001 (0.987) 0.024 (0.126) -0.472 (0.000) 0.592 (0.000) 2.246 (0.000) 0.010 (0.729) 
Kuching 0.012 (0.586) 0.019 (0.077) -0.294 (0.000) 0.361 (0.001) 0.875 (0.003) -0.012 (0.224) 
Kudat 0.061 (0.000) 0.057 (0.000) -0.459 (0.000) 0.791 (0.000) 5.442 (0.000) 0.272 (0.008) 
Labuan -0.031 (0.173) -0.010 (0.711) -0.057 (0.610) 0.102 (0.481) 1.243 (0.117) -0.010 (0.550) 
Langkawi 0.148 (0.166) 0.623 (0.048) -0.636 (0.017) 0.884 (0.267) 6.242 (0.036) 0.746 (0.642) 
Malacca 0.028 (0.067) 0.046   (0.018) -0.467 (0.000) 0.561 (0.000) 3.800 (0.000) 0.032 (0.733) 
Mersing 0.219 (0.244) 0.112 (0.222) -0.212 (0.714) 1.236 (0.270) 2.782 (0.519) 0.055 (0.122) 
Miri -0.008 (0.642) 0.002 (0.936) -0.189 (0.001) 0.269 (0.037) 1.153 (0.016) -0.007 (0.551) 
Sandakan -0.006 (0.807) 0.031 (0.144) -0.0901 (0.298) 0.081 (0.458) 1.179 (0.070) -0.046 (0.293) 
Senai 0.120 (0.029) 0.128 (0.016) -0.668 (0.066) 1.415 (0.006) 3.163 (0.008) 0.029 (0.109) 
Sibu -0.077 (0.005) 0.0004 -0.125 (0.009) 0.110 (0.209) 0.355 (0.151) -0.041 (0.003) 
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(0.9702) 
Sitiawan 0.004 (0.792) 0.028 (0.056) -0.293 (0.000) 0.510 (0.001) 2.313 (0.000) 0.006 (0.653) 
Subang 0.102 (0.000) 0.049 (0.065) -0.642 (0.000) 0.825 (0.000) 5.632 (0.000) 0.672 (0.000) 
Tawau -0.033 (0.173) 0.053 (0.007) -0.209 (0.010) 0.137 (0.498) 0.062 (0.899) -0.003 (0.532) 

 
The twenty-three meteorological stations in this study are then grouped into five regions, based on their 

locality in Malaysia. Overall, six stations are located in the northern (Sultan Abdul Halim, Bayan Lepas, 
Butterworth, Sultan Azlan Shah, Langkawi and Sitiawan) of Penisular Malaysia (PM), two in the central (KLIA 
and Subang) of PM, three stations in the southern (Malacca, Mersing and Senai) and east (Kota Bharu, Kuala 
Terengganu and Kuantan) of PM, respectively and nine stations (Bintulu, Kota Kinabalu, Kuching, Kudat, 
Labuan, Miri, Sandakan, Sibu and Tawau) in Sabah and Sarawak (SS). The number of stations with significant 
trends is presented in Table 4. 

 
Table 4: Number of stations with significant trends 

Regions 
Number of 
stations 

Number of stations with significant trends 
TVX TVN TV10P TV90P SV28 SV30 

Northern PM 6 1(+) 6(+) 4(-) 2(+) 3(+) 1(+) 
Central PM 2 2(+) 1(+) 2(-) 2(+) 2(+) 2(+) 
Southern PM 3 2(+) 2(+) 2(-) 2(+) 2(+) 0 
East Coast PM 3 1(+) 2(+) 2(-) 2(+) 3(+) 1(+) 
SS 9 1(+)2(-) 3(+)1(-) 5(-) 4(+) 5(+) 1(+)1(-) 

Note: PM = Peninsular Malaysia   SS = Sabah and Sarawak   (+) = Increasing Trend   (-) = Decreasing Trend 
 

Trends of Absolute Indices: 
Absolute Indices: Based on the annual lowest average temperature index (TVN), fifteen stations 

demonstrated a significant trend (Figure 1); fourteen stations showed a positive change and only one showed a 
negative significant trend. For the annual highest average temperature index (TVX), nine out of twenty-three 
stations showed significant trends (Figure 2); seven stations with significant positive trends and two stations with 
significant negative trends. Comparing among the five regions (Table 4), the number of stations in the northern of 
PM, east coast of PM and SS with significant positive trends are higher in TVN than in TVX. On the other hand, 
in the central region, only one station showed significant positive trend in TVN compared to two stations in TVX. 
In southern region, two out of three stations exhibited significant positive trend in both TVX and TVN indices.  
From the above results, it is noticed that warming accelerated rapidly in the annual TVN compared to TVX as the 
number of stations with significant positive coefficient are higher in TVN (fourteen stations) compared to TVX 
(seven stations). 

 
 SAH                               BL                             Bintulu                             BTW                               SAS 

 
    KB                               KT                            Kuching                      Kudat                         Langkawi 

 
 Malacca                          Senai                        Sitiawan                        Subang                      Tawau 

 
Fig. 1: Stations with significant TVN Index 
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     BL                             Bintulu                       KLIA                            KT                            Kudat 

 
                         Malacca                        Senai                            Sibu                            Subang 

 
Fig. 2: Stations with significant TVX index 

 
Trends of Percentile-based Indices: 

Looking at the coldest deciles for average temperature (TV10P) and warmest deciles for average temperature 
(TV90P), it is interesting to note that twenty two stations showed decreasing and increasing trends respectively. 
However, only fifteen of the decrease in TV10P index are significant (Figure 3) and twelve of the increase in the 
TV90P index are significant (Figure 4).  

 

 
        BL                            BTW                        KLIA                           KB                              Kuantan 

 
          Kuching                           Kudat                        Langkawi                       Malacca                            Miri 

 
        Senai                            Sibu                          Sitiawan                       Subang                         Tawau 

 
Fig. 3: Stations with significant TV10P index 

 
These results indicate that more than half of the stations experienced a warming trend. The increase in the 

warming trend could be due to natural factors such as El Nino-Southern Oscillation (ENSO) and The Indian 
Ocean Dipole (IOD) as described by Tangang et al. [7] or anthropogenic factors (also known as human factors) 
like greenhouse gases and aerosols in the atmosphere. Region by region analysis indicates that in the central, 
southern and east coast regions of PM, the number of stations with significant trend in TV10P and TV90P are the 
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same. However, the number of stations with significant trends in the northern region of PM and Sabah and 
Sarawak (SS) region is higher in TV10P compared to TV90P.  

 

 
      BL                              KLIA                                 KB                             KK                         Kuantan 

 
   Kuching                        Kudat                         Malacca                          Miri                          Senai 

 
                                                                  Sitiawan                       Subang 
 
Fig. 4: Stations with significant TV90P index 

 
           BL                           KLIA                              KT                              Kudat                          Sibu 

 
Subang 

Fig. 5:  Stations with significant SV30 index 
 

Trends of Threshold Indices: 
Threshold Indices: An investigation on the changes in the annual frequencies of the amount of days with 

average temperatures in the defined thresholds (Table 2) was also carried out.  The two temperature thresholds 
are number of days exceeding 82.4°F (SV28) and number of days exceeding 86.0°F (SV30). The number of 
stations with significant positive trends for SV28 is higher than the number of stations with significant positive 
trends for SV30; only five stations showed positive significant trends in the SV30 index (Figure 5), whilst all 
except for eight stations demonstrated an increase in the SV28 index (Figure 6). It is noted that stations with 
significant trends in the SV28 index are scattered across Malaysia. However, among stations with significant 
trends in the SV30 index, none are located in the southern region. 
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                BL                KLIA                                  KB                                    KK                          KT 

 
          Kuantan                        Kuching                          Kudat                         Langkawi                      Malacca 

 
               Miri                          Sandakan                         Senai                           Sitiawan                        Subang 

Fig. 6:  Stations with significant SV28 index 
 

Conclusion: 
This study analyzed changes in temperature extremes based on daily average temperature at twenty three 

meteorological stations in Malaysia. The period of data ranges from eight to thirty-three years. For the extreme 
temperature indices utilized in this study, the results indicated significant increasing warming trends in the lowest 
annual average temperature, coldest deciles for average temperature, warmest deciles for average temperature and 
number of days exceeding 82.4°F. The increase in warming trend in Malaysia may be caused by natural or 
anthropogenic factors.  

The number of stations showing significant positive trends on lowest average temperature are twice as many 
compared to those showing significant positive trends on highest average temperature. An examination of the 
coldest and warmest deciles for daily average temperature produced results with opposite trends; the significant 
positive trends of warmest decile and the significant negative trends of coldest decile are evidence that warmer 
trends have increased. The investigation on daily average temperatures that were above defined threshold values 
showed that more than half of the stations have significant increasing trends on number of days exceeding 82.4°F. 
On the other hand, only five stations exhibited significant increasing trends on number of days exceeding 86.0°F. 
This result indicated that warming trends were experienced in Malaysia with most stations showing a tendency 
toward a temperature above the annual mean surface temperature of 26°C to 28°C [14]. A further study on annual 
changes in extreme temperature indices based on daily maximum and minimum is already in preparation. Studies 
that analyse seasonal or monthly trends should also be considered in the future. 
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