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Abstract: Prediction of extreme future events is carried out using the statistical analysis to obtain the
appropriate probability distribution for data estimation purposes. This study utilized the concept of higher
L-moments  (LH-moments)  to  describe  the  upper  part  of  distributions  and  larger  events  in  flood  data.
The LH-moments method is based on linear combinations of higher order statistics and its performances will
be compared to basic L-moments methods. According to the LH-moments methods, the parameters estimation
is obtained to fit the Generalized Extreme Value (GEV) distribution. Finally, L-moments and LH-moments are
used to fit the GEV distribution for an annual maximum rainfall series of Kemaman station, Malaysia. The results
of the analysis show that the LH-moments method for estimating the data of the upper part of the distribution
events is more efficient than the L-moments method.
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INTRODUCTION distributions and it is considered more general than  the

Any  region  in  the  world  may  be  exposed to maximum flow data from 31 streams in Malaysia to choose
natural disasters, the flood caused by rainfall consider the the appropriateness of the generalized extreme value
one of the most serious of these disasters.Therefore distribution (GEV) by comparing between L-moments
preventive procedure must be taken to avoid any diagram and LH-moments diagram. Besides, LH-moments
catastrophic consequences that may destroy nature and methods have been used by many other researchers such
human life on this region. Frequency analysis is an as [10-12] and showed favourable results such that LH-
estimation of the frequency of a given events [1]. In order moments could constitute a valid tool for predicting
toanalyse data frequency, the parameters are estimated for events at higher quantiles.
selected probability distributions in order to obtain the
best suitable distribution and thus predict for future Methodology
events. Generalize Extreme Value Distribution (GEV): The

This study focuses on frequency analysis using the generalized extreme value distribution belongs to the
L-moments method which developed by Hosking [2] and family of continuous probability distributions and is often
the LH-moments method which suggested by Wang [3]. used to model the largest value among a sequence of
The concept of these two methods was inserted as a independent and identically distributed random variables.
means of estimating the parameters of multiple probability The quantile function of the GEV distribution, written as:
distributions as a linear of probability weighted moments
(PWM's) which defined by Greenwood et al. [4]. Many
researchers used L-moments method to analyze the flood
frequency, rainfall and other scientific fields [5-8] and
many others. The LH-moments method depends on a
linear combination of higher order statistics for an
explanation the larger events in data and the upper part of

L-moment method [3]. Shabri [9], used the annual

(1)

where the parameters: ,  and k are a location, scale and
shape respectively.

– < x  + /k for k > 0 and  + /k  x < +  for k < 0
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L-Moments of GEV Distribution: Hosking developed the
L- moment theory based on order statistic and he defined
the L-moments are the linear combinations of probability
weighted moments (PWM) [2, 4] defined and summarized
the theory of PWM as:

(2)

The first four L-moment are defined as:

 =  ,1 0

 = 2  –  ,2 1 0

 = 6  – 6 , +  ,3 2 1 0

 = 20  – 30  + 12  – 4 3 2 1 0

The L-moment ratios defined and calculated by [2] as:

 ,  ,  , 

Now,usage L-moments to estimate the parameters of
GEV distribution as:

, where 

LH-Moments of GEV Distribution: LH-moments
considered a generalization of L-moments; which are
suggested by Wang [3] based on linear combinations of
higher-order statistics to describing the larger events in
the data and the upper part of distributions.

The relationship between LH-moments and PWMs
according to [3] can be written as:

 , analysis. The performances are measured based on the

 ,

where  is called the standard PWMs [4] and can ber

written as

Table 1: Corresponding coefficients for different levels (ç) of the LH-
moment [13].
0 1 2 3 4
7.8589 11.9082 15.9316 19.9455 23.95461

2.9530 2.7787 2.7301 2.7072 2.69362

(3)
The LH-moments ratios written as 

, ,

Now, the parameters of GEV distribution can be
estimated by using differentLH-momentslevels according
to Table 1 [13] as:

C = 

Case Study: This study used the characteristics of
precipitation records for the Kemaman station from the
year 2011 to 2016, which obtained from Jabatan Pengairan
dan Saliran Negeri Terengganu. The objective of the
analysis is to demonstrate the effect and the performance
of L-moments method and LH-moments method of
estimating the GEV distribution for a rainfall frequency

mean absolute deviation index (MADI), which suggested
by [14] for comparison among the probability
distributions of fitting the data. The MADI value was
computed as follows:

where x  are the observed data while y  are the predictedi i

value. The distribution with the lowest MADI value is the
most suitable distribution of data.
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Fig. 1: Fitting the GEV distribution of monthly maximum rainfall data of Kemaman station for different levels of L-
moments and LH-moments. Y-axis is amount rainfall (mm) and X-axis is a plotting position.

Table 2: The values of MADI for the complete data series 0 F 1 and the
upper part of distribution 0.8 F 1 and 0.9 F 1 for GEV
distribution

0 F 1 0.8 F 1 0.9 F 1
L-moments 0.270 0.019 0.014
L1-moments 0.396 0.017 0.013
L2-moments 0.615 0.016 0.012
L3-moments 1.098 0.015 0.010
L4-moments 1.646 0.014 0.009

RESULTS AND DISCUSSION

The values of monthly maximum rainfall for Kemaman
station were analyzed to  compare  the  performances  of

L-moments methods and LH-methods for GEV
distribution. Based on Figure 1, results of high level of
LH-moments (L3 and L4) are poor for low quantiles.
Whereas, the figure shows that the trend of the curves
that were fitted by the LH-moment method gives a better
perception by the higher quantiles. Thus, LH-moments
gave more satisfying results than L-moment in high
quantile estimation.

From the Table 2, the bold values are the smallest in
each column. So, it is clear that L-moments methods have
the smallest MADI values in a complete data. Hence, the
GEV distribution using L-moments is the best methods for
a complete data, while L4-Moments method is the best at
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the upper part of the distribution at (0.8 F 1) and 5. Parida, B., R. Kachroo and D. Shrestha, 1998.
(0.9 F 1) and can be noted that L4-Moments at (0.9 F 1) Regional flood frequency analysis of Mahi-Sabarmati
is better than L4-Moments at (0.80 F 1). Therefore, this Basin   (Subzone3-a)  usingindex  floodprocedure
seems to suggest that the LH-moments method at higher with L-moments. Water Resources Management,
order (for this case is L4-moments) could improve the 12(1): 1-12.
estimation of rainfall at larger return periods. 6. Kumar, R., R. Singh and S. Seth, 1999. Regional flood

CONCLUSIONS Journal of Hydrologic Engineering, 4(3): 240-244.

LH- Moments are used to characterize the larger Rayleigh distribution: different methods of
events in the sample and the upper part of the estimations. Computational statistics & data analysis,
distributions based on a linear combination of higher 49(1): 187-200.
order statistics, where L-moments is considered a special 8. Karvanen, J., 2006. Estimationofquantile mixturesvia
case of LH-moments. The results of this study have L-momentsandtrimmed L-moments. Computational
shown that it is possible to evaluate higher levels of the Statistics & Data Analysis, 51(2): 947-959.
LH-moments for obtaining improved estimated values of 9. Shabri, A., 2002. Comparisons of the LH Moments
rainfall peaks. The diagrams of the maximum rainfall series and the L Moments. Matematika, 18: 33-43.
data showed superiority LH-moments over L-moments at 10. Meshgi, A. and D. Khalili, 2009. Comprehensive
high quantiles. Analysis of monthly maximum rainfall evaluation of regional flood  frequency  analysis  by
series data of Kemaman station shows that the LH- L-and LH-moments. II. Development of LH-moments
moments method is very effective in fitting GEV p a r a m e t e r s f o r t  h e g e n e r a l i z e d
distribution to large rainfall data and even produces better Paretoandgeneralizedlogisticdistributions. Stochastic
performance than the L-moments method. Therefore, it is Environmental Research and  Risk  Assessment,
recommended to use LH-moments method for estimating 23(1): 137-152.
rainfall of large return periods. 11. Bhuyan, A., M. Borah and R. Kumar, 2010. Regional
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