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ABSTRACT 
 
Rainfall plays an important role in generating hydrological 
cycles which in turn affects local micro-climate such as 
territories, municipalities and so on. This study attempts to 
identify trend and differences of annual precipitation across 
three airports in Peninsular Malaysia namely Kuala Lumpur 
International Airport, Sultan Abdul Aziz Shah Airport and 
Senai International Airport. Mann-Kendall and Sen’s slope 
estimator were used to identify monotonic trend for rainfall 
distribution meanwhile, Kruskal-Wallis is used to determine 
if samples come from the same distribution. Analysis shows 
existence of positive monotonic trend for Abdul Aziz Shah 
Airport and Senai International Airport while there is no 
significant trend at Kuala Lumpur International Airport. 
Kruskal-Wallis test shows that annual precipitation from the 
three airports are different and do not come from the same 
population. Investigating the trend of climate change 
parameters is very important for future analysis since climate 
change impacts most global issues. 
 
Key words: Rainfall distribution trend; Mann-Kendall trend 
test; Sen’s Slope test; Kruskal-Wallis test. 
 
1. INTRODUCTION 
 

Precipitation is known as one of the most complex 
phenomena and precise estimation in a long run remains a 
challenge. It is important to have a precise estimation of 
rainfall in a long run since it is used by various sector such as 
water resource management, food production and flood 
mitigation [1]. There are several huge factors such as El Nino 
southern Oscillation (ENSO) and Indian Ocean Dipole (IOD) 
which affect rainfall pattern specifically at India, Australia 
and America. There are few studies worldwide on 
determination of relationship between the climate model and 
various rainfall data types [2], [3].  
 
 

 

It is one of vital parameter in determining surface water 
sources. It is regarded as an input in generating hydrological 
cycles which in turn affects local micro-climate such as 
territories, municipalities and so on. Change in climate 
contribute to major impact on hydrologic cycle. In other 
words, the effects can be seen through availability of water 
resources, ecosystem including natural and man-made, 
society and economy [4]. Report from National Hydraulic 
Research Institute of Malaysia (NAHRIM) showed there has 
been an increasing amount of rainfall since 2000 by 17% 
compared to 1970 [5]. Knowledge in meteorology field is 
important since it affects both, human life and country 
development. Climate change leads to huge changes in 
climates factors such as rainfall [6], temperature, relative 
humidity and solar radiation [7]. Estimation with regards of 
duration and amount of rainfall is rather a difficult process. 
Unstable pattern of rainfall cause problems for extreme 
rainfall prediction which potentially leads to environmental 
disasters such as flash floods. In Malaysia, floods and flash 
floods occur in tradition, specifically in east coast areas 
during monsoon season [8]. 
 

Weather is an important aspect that affects air traffic 
management. In other words, various automated 
meteorological forecast products are needed as air traffic 
management tools. Air traffic management research has been 
using several methods and detailed practices for modelling 
the terminal area and airport capacity. Many methods used in 
order to validate the accuracy of precipitation forecasts [9].  

 
Weather prediction specifically at airports consist of 

precise meteorological conditions on a period of time [10]. 
The estimation of meteorological parameters at airport is 
called Terminal Aerodrome Forecast (TAF), which construct 
by a group of experts with depth knowledge on behavior of 
large and local scale weather phenomenon at specific airports. 
The prediction is conducted using basic PC along with 
computer-model-assisted statistical forecasting approach on 
local area. As weather prediction is a complex and difficult 
task for Malaysian Meteorological Department (MMD). 
Among all parameters stored, rainfall is the most 
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unpredictable. Water resources management in Malaysia is 
always looking for more practical methods and techniques for 
predicting rainfall distribution. MMD faces problems in 
analyzing the increasing number of meteorological data. 
Furthermore, due to practical value of weather forecasts in the 
meteorite, it leads to time series forecasting problem in 
scientific research [11]. 

 
The techniques of trend detection had attract the attention 

and interest of researchers over the decades [12], particularly 
in the studies of climate change namely temperature and 
rainfall [13][14]. Several studies over India observed no 
significant trend in mean of rainfall [15]. Despite 
non-presence of monsoonal rainfall trend in India, there is a 
significant trend present on a regional scale [16], [17]. In 
conclusion, intense precipitation rate is reduced in most 
Asian country, and the same goes to number of rainy days and 
annual rainfall [18], [19]. 
 

Capacity of airports is influenced by several meteorological 
phenomenon such as a very high wind speeds will make 
airport operations more difficult. Extreme wind speeds can 
also stop and interfere with operations on the airfield. The 
thunderstorm can reduce the airspace capacity and disrupt the 
arrival or departure flow. Defective airport surface 
conditions, such as wet pavements, can slow the brakes and 
thus reduce the runway capacity. Study on rainfall trend in a 
long-term is important and relevant in hydrological studies, 
particularly as a tool for detecting and identifying changes in 
hydrological systems, water management planning and 
management in drainage basins. Basically, this study is 
important since the intensity of rainfall can be expected. The 
need to make future expectations is very important. For 
example, initial action can be taken if rain intensity from the 
model to be of high value. Hence, this study is very vital in 
assisting the air transportation system. Safety and efficiency 
in air transport should be emphasized. Therefore, the impact 
towards weather under present and future climate conditions 
is important to enable related organization to make adequate 
adjustment and preparation.  
 

There are two objectives for this study. Firstly, is to identify 
rainfall trend and the latter is to determine annual rainfall 
difference between three airports namely Kuala Lumpur 
International Airport, Sultan Abdul Aziz Shah Airport and 
Senai International Airport. 
 
2. DATA AND METHODOLOGY 
 

This study considers monthly precipitation data between 
1970 to 2011 at Kuala Lumpur International Airport (2.74560 
N, 101.70720 E), Sultan Abdul Aziz Shah Airport (3.13280 N, 
101.55440 E) and Senai International Airport (1.63820 N, 
103.66910 E). The location of the airports is shown in Figure 
1. Mann Kendall trend test is used to identify pattern and 
trend of rainfall data followed with Kruskal-Wallis test to 

determine annual precipitation difference between these three 
airports.  
 

 
Figure 1: Airport locations in Peninsular Malaysia 

 
2.1 Mann-Kendall Trend test 

 
Trend evaluates direction whether moving upward or 

downward [20]. Mann-Kendall trend test is a non-parametric 
statistical test which is used in broad area including climate 
parameter [21] and time series [22]. Trend analysis is a tool 
used to explain variation of a variable over time. 
Non-parametric Mann-Kendall is widely used especially in 
hydro-meteorological data [23]. Compared to parametric 
statistical tests, this test is considered more appropriate for 
hydro-meteorological data which not normally distributed 
[23]. Hypothesis testing for Mann-Kendall are: 

 
H0: There is no trend in the data set 
HA: There is trend in the data set 

 
Acceptance of null hypothesis, p>0.05 implies that the data 

is independent and random [24]. On the other hand, when 
p<0.05, there is a statistically significant trend in the series 
[25].  
 

Based on Mann (1945) and Kendall (1975), statistical test 
for Mann-Kendall is calculated as: 

 
          (1) 

 

   (2) 

where n= number of data points; and  = Data value in time 
series; sgn( the sign function.  

 
The variance is calculated as:  

 
       (3) 

Standard statistical test z is calculated as: 
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        (4) 

A positive value (negative) z showed an increase 
(decrease) trend [26].  is rejected if the value │Zs│ is 
greater than the value zα/2, hence, the null hypothesis is not 
valid with the understanding that there is a significant trend 
[27]. 
 

2.2 Sens’s Slope Estimator 
 
 Mann-Kendall study on present of trend, while Sen’s slope 
estimator supports the study by calculating the slope of the 
present trend (changes per unit time in the hydro 
-meteorological series). The method is robust to outliers [29] 
and is appropriate to determine presence of trends [32]. The 
trend slope gives the rate of increase or decrease in linear 
trend and direction of change [16], [32] and it involves the 
calculation of the slope for all ordinal point-time pairs and 
then using this median slope as an overall slope estimate [30]. 
The linear model for this method can be describe as [35]: 
 

      (5) 
 
where, Q, D and t represents slope, constant, time 
respectively. All possible pairs of different, ( , ) for 

 are considered. For each pair, the approximate slope 
of a simple pairing was calculated as follow [35]–[37]: 

       (6) 

 
With sample size n, there should be a sum of 

   as the pairing slope estimate ( ) . 
The median of slope is calculated as below, where the 
arrangement of N the approximate slope of the slope ( )  
in ascending order. 
 

  (7) 
 
 Q indicates a reflection of the data trend, while the value 
shows a trend steepness [38]. If Q gives a positive value, then 
it shows an increasing trend, while negative values show a 
decreasing trend [31], [39]. 
 

2.3 Kruskal-Wallis test 
 
In order to apply this test, random sample is taken to ensure 
independent for each group. The data should be in ordinal 
form. Hypotheses testing are: 

H0: Samples are from identical populations. 
HA: Sample comes from different populations. 
 
Kruskal-Wallis can be conducted as follow: 

1. Data is arranged and rank in ascending order. If tied value 
present, the average rank is taken into calculation. 
2. Test statistics calculated as: 
 

    (8) 
 

H= Test statistic 
n= Total number of observations in all groups 

= Number of observations in group i 
= Rank of the group i 

 
If Hcalc<HTable, null hypothesis is accepted and otherwise. 
 
3. RESULTS  
 

3.1. Descriptive Analysis 
 

Statistical analysis and boxplots of total rainfall 
distribution at Kuala Lumpur International Airport (KLIA), 
Sultan Abdul Aziz Shah Airport (Subang) and Senai 
International Airport is shown in Table 1 and Figure 2.  
 

Table 1: Statistical analysis of total rainfall 
Location 
(airports

) 

Rainfall 
Min. 
(mm) 

Rainfall 
Max 
(mm) 

Mean 
(mm) 

Standard 
Deviation 

Subang 188.702 17375.800 4845.141 3196.952 

KLIA 698.500 11130.280 4285.074 2082.320 
Senai 200.660 23042.880 5205.374 2699.753 

 
Based on Table 1, the minimum and maximum of total 

rainfall among the three airports is at Subang Airport with 
188.702 mm and 17375.800 mm respectively. The highest 
mean of monthly rainfall is at Senai International Airport 
with 5205.374 mm while the lowest mean is at KLIA with 
4285.074 mm. Standard deviation at Subang, KLIA and 
Senai airport are 3196.952, 2082.320 and 2699.753 mm 
respectively. 
 

3.2. Mann-Kendall trend test 
Mann Kendall test statistics are calculated in Table 3. 

Table 2: Mann-Kendall Trend Test Results 
Location Kendall’s tau p-value 

Subang 0.327 0.0001 

KLIA -0.009 0.894 

Senai 0.067 0.040 
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Based on Table 2, precipitation shows a monotonic trend in 
Sultan Abdul Aziz Shah Airport with p<0.05. Rejection of 

 while it is true is lower than 0.01%. However, there is no 
significant trend in KLIA because p>0.05. Rejection of   
while it is true is 89.44 %. Lastly, there is a monotonic trend 
that can be seen at Senai International Airport with p<0.05. 
The risk to reject the null hypothesis  while it is true is 
lower than 3.99%. 
 

3.3 Sen’s Slope Estimator 
 
Sen’s Slope determine the magnitude or slope of trend 
determined by Mann-Kendall test. The calculated magnitude 
is as follow: 
 

Table 3: Sen’s slope estimator 
Location Sen’s Value Interval 
Subang 10.84 [9.312,12.261] 
KLIA -0.717 [-6.163,3.692] 
Senai 2.063 [0.524,3.635] 

 
Sen’s values in Table 3 shows Subang and Senai International 
Airport with increasing trend of 10.84, and 2.063 respectively, 
which shows an upward of the trend. Meanwhile, the Sen’s 
value for KLIA is -0.717, indicating a decreasing trend. 
 

3.4. Kruskal-Wallis test 
 

Table 4: Kruskal-Wallis test results 
K (Observed value) 13.686 

P-value  0.001 

 
 
From Table 4, the p-value is 0.001. Since p<0.05,  should 
be rejected and  is accepted. The rejection of H0 while it is 
true is lower than 0.11%. So, it can be concluded that all three 
samples are different and do not come from the same 
population.  
 
4. DISCUSSION 
 

Trend analysis requires long time series data. According to 
[40], one of the things that are important is analyzing time 
series data for long term to detect trend of a variables such as 
rainfall data, temperature, total discharges, etc. For example, a 
prediction of long-term rainfall trends will help us to predict the 
rainfall either increasing or decreasing and be able to identify 
phenomena that possibly will occur such as floods, droughts 
and changes in the variations of discharge in the drainage 
basin. 

 
In this research, there is a monotonic trend at Subang and 

Senai International Airport. So, when the result shows any 
significant monotonic trend for the climate change parameters, 
it can give a big insight to the researcher to determine and make 

an early judgement about the climate change in Malaysia. 
However, if the parameters do not show any monotonic trend 
such as in Kuala Lumpur International Airport, future 
investigation is needed to know the overall general trend for the 
parameters through the years. Early detection is crucial as it 
gives little information about the parameters and how far it can 
affect the climate change in the future. 

 
[12] discovers an increasing trend of rainfall and wet days 

frequency during northeast monsoon between 1971-2004. The 
trend affects rainfall intensity at the location. This is supported 
by [41], for different period of 1975–2004. According to the 
result, several factors could contribute to this issue such as 
increase in human activity which alter climate system. On the 
other hand, this could also affect global warming. High amount 
of rainfall during short period of time had contributed to most 
flooding issue in Malaysia. In order to overcome damages from 
flooding, Malaysia government had spent millions of ringgits 
for the past year. Increase in the number of flash flood, 
landslide is reported due to increase in the rainfall intensity in 
Malaysia.  
 
5.CONCLUSION 

 
This research applied statistical analysis on total rainfall 

distribution at Kuala Lumpur International Airport (KLIA), 
Sultan Abdul Aziz Shah Airport (Subang) and Senai 
International Airport. From this research, it gives some 
understanding about pattern in environmental change 
parameters in the areas. Mann-Kendall trend test is an 
appropriate method to be utilized for environmental and 
climate contemplates. Overall, the consequences of the 
Mann-Kendall trend test and Kruskal-Wallis test gave a 
decent outcome in the identification of the trend for rainfall 
distribution. There is positive monotonic trend at Subang and 
Senai aiports as reported by the test statistics value using both 
Mann-Kendall and Sen’slope estimator. The two techniques 
can be utilized as a part of foreseeing and estimating a trend 
especially for rainfall distribution in KLIA, Subang and Senai 
International Airport. The rainfall distribution for these three 
airport stations is completely different between each other as 
tested using Kruskal-Wallis test. This study can be extended 
for further analysis, such as in identifying significant 
correlations among the climate change parameter such as 
radiation and wind speed. 
 

ACKNOWLEDGMENT 
 

The support provided by the Faculty of Engineering and 
Built Environment, Universiti Kebangsaan Malaysia 
communities in this study is highly appreciated. The authors 
are very impressed with the government grant 
FRGS/1/2016/STG06/UKM/02/1 and Yayasan Sime Darby 
ZF-2017-008, respectively for funding this study. 
 
 
 



Firdaus Mohamad Hamzah et al., International Journal of Advanced Trends in Computer Science and Engineering, 8(1.6), 2019, 290 - 295 

294 
 

 

REFERENCES 
 
 
[1] L. Y. H. Teng and K. K. Kuok et al., “Development 

of whale optimization neural network for daily 
water level forecasting” International Journal of 
Advanced Trends in Computer Science and 
Engineering, Vol. 8(3), pp. 354–362, 2019. 
https://doi.org/10.30534/ijatcse/2019/04832019 

[2] R. B. Jadhav and S. D. Joshi et al., “A Software 
Defect Learning and Analysis Utilizing 
Regression Method for Quality Software 
Development” International Journal of Advanced 
Trends in Computer Science and Engineering, Vol. 
8(4), pp. 1275–1282, 2019. 
https://doi.org/10.30534/ijatcse/2019/38842019 

[3] R. P. Shukla and K. C. Tripathiet al., “Prediction of 
Indian summer monsoon rainfall using Niño 
indices: A neural network approach,” Atmospheric 
Research, Vol. 102(1-2), pp. 99–109, 2011. 

[4] Evans TE, “The effects of changes in the world 
hydrological cycle on availability of water 
resources” in Global climate change and agricultural 
production, Eds. Chichester: John Wiley & Sons, Ltd, 
1996. 

[5] A. J. Shaaban, “Impact of Climate Change on M 
alaysia” Institut Penyelidikan Hidraulik Kebangsaan 
Malaysia, 2013.  

[6] R. R. Heim, “An overview of weather and climate 
extremes – Products and trends” Weather and 
Climate Extremes, Vol. 10, pp. 1–9, 2015. 

[7] J. D. Haskett and Y. A. Pachepsky et al., “Effect of 
climate and atmospheric change on soybean water 
stress: a study of Iowa” Ecological Modelling, Vol. 
135(2-3), pp. 265–277, 2000. 

[8] Muhammad Barzani Gasim and Salmijah Surif et al., 
“Analisis banjir Disember 2006: Tumpuan di 
kawasan Bandar Segamat, Johor” Sains 
Malaysiana, Vol. 39(3), pp. 353–361, 2010. 

[9] A. M. Al-Salihi and A. M. Al-Lami et al., 
“Prediction of Monthly Rainfall for Selected 
Meteorological Stations in Iraq using Back 
Propagation Algorithms” Journal of Environmental 
Sciences and Technology, Vol. 6(1), pp. 16–28, 2013. 

[10] “AWC - Aviation Weather Center” National 
Oceanic and Atmospheric Administration by 
https://www.aviationweather.gov/. [Accessed: 
06-Nov-2019]. 

[11] J. N. K. Liu and R. S. T. Lee. Rainfall forecasting 
from multiple point sources using neural 
networks, in IEEE International Conference on 
Systems, Man, and Cybernetics (Cat. 
No.99CH37028), 1999, Vol. 3, pp. 429–434. 

[12] J. Suhaila and S. Mohd Deni et al., “Trends in 
Peninsular Malaysia Rainfall Data During the 
Southwest Monsoon and Northeast Monsoon 
Seasons” Sains Malaysiana, Vol. 39(4), pp. 

1975–2004, 2010. 
[13] C. Onyutha and H. Tabari et al., “Analyses of 

rainfall trends in the Nile River Basin” Journal of 
Hydro-environment Research, Vol. 13, pp. 36–51, 
2016. 
https://doi.org/10.1016/j.jher.2015.09.002 

[14] T. Rosmann and E. Domínguez et al., “Comparing 
trends in hydrometeorological average and 
extreme data sets around the world at different 
time scales”, Journal of Hydrology: Regional Studies, 
Vol. 5, pp. 200–212, 2016. 

[15] V. Kumar and S. K. Jain, “Trends in seasonal and 
annual rainfall and rainy days in Kashmir Valley 
in the last century” Quaternary International, Vol. 
212(1), pp. 64–69, 2010. 

[16] A. Paul and R. Bhowmik et al., “Trend analysis of 
time series rainfall data using robust statistics”, 
Journal of Water and Climate Change, Vol. 8(4), pp. 
691–700, 2017. 

[17] S. Kumar and G. Gill et al., “Trend analysis of 
rainfall in Satluj River Basin, Himachal Pradesh, 
India”, World Scientific News, Vol. 14, pp. 1–55, 
2015. 

[18] B. N. Goswami and V. Venugopal et al., “Increasing 
trend of extreme rain events over India in a 
warming environment”, Science, pp. 1442–1444, 
2006. 

[19] S. K. Dash and R. K. Jenamani et al., “Some 
evidence of climate change in twentieth-century 
India”, Climatic Change, Vol. 85(3-4), pp. 299–321, 
2007. 

[20] M. Tawarish and K. Satyanarayana, “An enabling 
technique analysis in data mining for stock 
market trend by approaching Genetic 
Algorithm”,  International Journal of Advanced 
Trends in Computer Science and Engineering, Vol. 
8(1), pp. 27–33, 2019. 
https://doi.org/10.30534/ijatcse/2019/06812019 

[21] A. Pascaud, “Contrasted spatial and long-term 
trends in precipitation chemistry and deposition 
fluxes at rural stations in France”, Atmospheric 
Environment, Vol. 146, pp. 28–43, 2016. 

[22] S. M. Pingale and D. Khare et al., “Spatial and 
temporal trends of mean and extreme rainfall and 
temperature for the 33 urban centers of the arid 
and semi-arid state of Rajasthan, India” 
Atmospheric Research, Vol. 138, pp. 73–90, 2014. 

[23] T. B. Altın and B. Barak, “Changes and Trends in 
Total Yearly Precipitation of the Antalya District, 
Turkey”, Procedia - Social Behaviour Sciences, Vol. 
120, pp. 586–599, 2014. 

[24] Onoz Bihrat and Bayazit Mehmetcik, “The power of 
statistical tests for trend detection”, Turkish 
Journal of Engineering and Environmental Sciences 
Vol. 27(4), pp. 247-251, 2003. 

[25] Q. Tian and M. Prange et al., “Precipitation and 
temperature changes in the major Chinese river 



Firdaus Mohamad Hamzah et al., International Journal of Advanced Trends in Computer Science and Engineering, 8(1.6), 2019, 290 - 295 

295 
 

 

basins during 1957–2013 and links to sea surface 
temperature”, Journal of Hydrology, Vol. 536, pp. 
208–221, 2016. 

[26] J. Mozejko, “Detecting and Estimating Trends of 
Water Quality Parameters" in Water Quality 
Monitoring and Assessment, 2012. 

[27] H. Motiee and E. McBean, “An assessment of 
long-term trends in hydrologic components and 
implications for water levels in Lake Superior” 
Hydrological Research, Vol. 40(6), p. 564, 2009. 

[28] A. Mustapha, “Detecting surface water quality 
trends using Mann-Kendall test and Sen's slope 
estimates”, International Journal of Advanced and 
Innovative Research, pp. 108–114, 2013. 

[29] D. . Karpouzos and S. Kavalieratou et al., “Trend 
analysis of precipitation data in Pieria Region 
(Greece)” European Water, Vol. 30, pp. 31–40, 
2010. 

[30] M. S. Khattak and M. S. Babel et al., 
“Hydro-meteorological trends in the upper Indus 
River basin in Pakistan” Climate Research, Vol. 
46(2), pp. 103–119, 2011. 
https://doi.org/10.3354/cr00957 

[31] A. Ganguly and R. R. Chaudhuri et al.,“Analysis of 
Trend of the Precipitation Data : a Case Study of 
Kangra District , Himachal Pradesh” International 
Journal of Research - GRANTHAALAYAH, Vol. 
3(9), pp. 87–95, 2015. 

[32] P. Jagadeesh and C. Anupama, “Statistical and 
trend analyses of rainfall: A case study of 
Bharathapuzha river basin, Kerala, India” ISH 
Journal of Hydraulic Engineering, Vol. 20(2), pp. 
119–132, 2014. 

[33] N. A. Adnan. Quantifying the impacts of climate 
and land use changes on the hydrological response 
of a monsoonal catchment, Ph. D. dissertation, 
School of Geography, University of Southampton, 
2010.  

[34] N. M. R. Nasher and M. N. Uddin, “Maximum and 
Minimum Temperature Trends Variation over 
Northern and Southern Part of Bangladesh”, 
Journal of Environmental Science and Natural 
Resources, Vol. 6(2), pp. 83–88, 2013. 

[35] H. Tabari and S. Marofi et al., “Trend analysis of 
reference evapotranspiration in the western half 
of Iran” Agricultural and Forest Meteorology, Vol. 
151(2), pp. 128–136, 2011. 

[36] T. Partal and E. Kahya, “Trend analysis in Turkish 
precipitation data” Hydrological Processes, Vol. 
20(9), pp. 2011–2026, 2006. 

[37] Usepa, “Statistical Analysis of Groundwater Data 
at RCRA Facilities—Unified Guidance,” Ground 
Water Monitoring and Remediation, pp. 1–884, 
2009. 

[38] M. Gocic and S. Trajkovic, “Analysis of changes in 
meteorological variables using Mann-Kendall and 
Sen’s slope estimator statistical tests in Serbia” 

Global and Planetary Change, Vol. 100, pp. 172–182, 
2013. 

[39] F. M. Hamzah and F. M. Saimi et al., “Identifying 
the monotonic trend in climate change parameter 
in Kluang and Senai, Johor, Malaysia”, Sains 
Malaysiana, Vol. 46(10), pp. 1735–1741, 2017. 
https://doi.org/10.17576/jsm-2017-4610-09 

[40] M. Radziejewski and Z. W. Kundzewicz, 
“Detectability of changes in hydrological records” 
Hydrological Sciences Journal, Vol. 49(1), pp. 39–51, 
2004. 

 
[41] W. Z. Wan Zin and S. Jamaludin et al., “Recent 

changes in extreme rainfall events in Peninsular 
Malaysia: 1971–2005”, Theoretical and Applied 
Climatology, Vol. 99(3-4), pp. 303–314, 2010. 
https://doi.org/10.1007/s00704-009-0141-x 

 


