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Abstract Flood frequency analysis is critical in water system design and estimating flood
recurrence. This study aims to conduct the flood frequency analysis on Segamat River
stream flow site to find the optimum distribution that fits the flood frequency data. In
terms of estimating parameters, the L-moment method is more robust and more efficient
than the maximum likelihood method. Besides, the L-moment method is not affected
by sampling variability. Therefore, in this study, we applied the technique of L-moment
for parameter estimation on five candidate distributions, the generalized Pareto (GPA)
distribution, generalized extreme value (GEV) distribution, generalized logistic (GLO)
distribution, log-Pearson 3 (LP3) distribution, and log-normal (LN3) distribution. The
rank score approach is implemented to determine the optimum distribution for the annual
Segamat River peak flow. Probability distribution identification is essential and it is a
fundamental step in statistical analysis. The goodness of fit test and efficiency assessment
are employed to evaluate the distributions’ performance. The results show that the LN3
distribution is selected as the optimum function for the yearly peak flow for the Segamat
River stream flow site. The outcome of this study can be used to understand the flood
frequency analysis for the Segamat River.

Keywords L-Moment, flood, probability distribution, parameter estimation,
performance measures

Mathematics Subject Classification 46N30

1 Introduction

Floods are natural disasters that inflict widespread devastation around the world. Natural
disasters result in infrastructure degradation, environmental and agricultural land disruption,
mortality, and economic losses. Flood disasters in Malaysia occur annually, affecting
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approximately 29,720 km?, impacting over 4.915 million people and triggering up to RM 915
million loss in infrastructure [1]. Rahman et al [2] stated that the most direct approach for
assessing peak discharge estimation is the flood frequency analysis (FFA). Flood frequency
analysis aims to determine how long it would take for a given flood severity to return. It depicts
the relationship between an event’s magnitude and the frequency by which it is surpassed [3,4,5].

Various FFA models were employed in previous studies to determine hydrologic frequency.
Numerous probability models were constructed to define the frequency distribution of extreme
hydrologic phenomena; however, there is no common understanding on which distribution
must be employed to analyse the frequency of extreme hydrologic phenomena [6]. The most
commonly used distributions in FFA for annual peak flow estimation of river sites in Malaysia
are generalized pareto distribution, generalized extreme value distribution (GEV), generalized
logistic distribution (GLO), log-Pearson distribution (P3), and log-normal distribution (LN3)
4, 7, 8].

The identification of an effective probability distribution to characterize the FFA at a given
location is often crucial. The methods that are typically used for parameter estimation of the
distribution are the maximum likelihood estimation and the L-moment method [9, 10, 11].
Many studies have explored and applied the L-moment approach to FFA since 1990, including
hydrological studies [12]. The implementation of L-moments by Hosking and Wallis marked a
revolution in flood frequency analysis [13]. L-moments are recognized for their robustness [14].
Hassan et al. [15] mentioned that the best-fitted distributions used the L-moment estimation
approach at most sites. This approach is also frequently utilised to determine the scale and
shape of probability distributions [16]. Furthermore, there are no sample size restrictions in
using this approach. [10].

Daud et al. [17] found that the GEV distribution is the most effective for yearly maximum
rainfall distribution in Peninsular Malaysia. Lim and Lye used the L-moment for the index-flood
estimation for river sites in Sarawak and found that GEV and GLO distributions are adequate
to represent the annual flood data [18]. In a study that applied the L-moment estimation for
regional FFA in Northern Uganda, Kizza et al. [19] discovered that the log-normal distribution
estimates the flood return period in Northern Uganda. A study by Badyalina & Shabri
estimated the flood quantile for 70 stream flow sites located in Peninsular Malaysia and found
that no single distribution appears to be the best fit for all 70 stream flow sites [20]. For the
frequency study, Liang et al. [21] proposed using L-moments of GEV distribution to determine
the Taihu site’s annual daily peak rainfall return period in China.

Hamzah et al. [22] studied the L-moment to estimate the yearly peak daily stream flow to
evaluate FFA for Langat stream flow site in Kajang, Selangor, using distributions LN3 GEV,
PE3, GLO. In addition, Drissia et al. [15] applied the L-moments approach in conducting at-
site FFA for west-flowing rivers in Kerala. GPA, GLO and GEV distributions were found to be
the best fit. Hassan et al. [15] investigated the most suitable probability distribution for at-site
FFA of the Torne River and its parameter estimation. They found that the LN3 distribution
with the L-moment approach performs better than other distributions for Pajala Pumphus and
Abisko stream flow sites located at Torne River. Lescesen et al. [23] applied the L-moment
method in FFA for the Tisza stream flow site and identified the P3 distribution as the optimum
distribution. Das [24] studied the L-moment method in finding the optimum distribution for
at-site FFA in China. In other environmental applications, the L-moment method was used to
analyse the regional frequency of peak daily rainfall sites in Selangor and Kuala Lumpur [25].
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The previous studies on flood frequency of the Segamat River only consider the return period of
flood discharge using Generalized Pareto distribution [4]. Also, Romali et al. [26] investigated
the return period of flood level using the HEC-RAS model. Hence this paper seeks to add to
the body of knowledge of flood frequency by applying the L-moment estimation method on five
potential distributions, namely GEV, GLO, GPA, PE3 and LN3 for the Segamat stream flow
site. The data used in this study is dated from the year 1960 until 2020. Section 2 describes the
methodology used in the study, which includes the study area, the probability distributions,
and the performance measures of the distributions. Section 3 summaries the findings, and
Section 4 concludes the paper.

2 Methodology

2.1 Study Area

Segamat is a district in Johor, Malaysia, known for its frequent floods during the northeast
monsoon season, which usually occurs from November to March [27]. The Segamat River
is located at latitudes which are 102°49’E and longitudes of 2°30.5’N. It is 14 meters above
sea level, 23 kilometers in length and has an average width of 40 meters. Figure 1 shows
the location of the Segamat River. Table 1 presents the summarized descriptive statistics of
Segamat gauged river site’s annual peak flow or annual maximum flow data from 1960 until
2020. For the purpose of this study, the data analysed is limited to the annual peak flow.
Therefore, the weekly and monthly peak flow data are not considered in this study. The mean
peak flow for Segamat gauged river site is 234.59 with a median of 119, which is quite far from
the mean. It shows that this data is highly spread data, and the extreme event has occurred
in the data. The standard deviation is 271.84 with minimum and maximum values of 35.7 and
1559, respectively.

Table 1: Descriptive Statistics for Annual Peak Flow of Segamat River

Station n Mean SD Min Max  Skewness Kurtosis
Segamat 61 234.58 271.84 35.7 1559 2.73 9.19

The skewness of the streamflow data of the Segamat river is 2.73, indicating that the stream
flow data is skewed to the right. The kurtosis of the Segamat River peak flow data is highly
positive (9.19), demonstrating that it is leptokurtic and prone to extreme values. These results
support our suggestion that the peak flow data series at the Segamat River is fat-tailed and
non-normal. Therefore, the outcomes indicate that the peak flow data fit the non-normal
distributions. Based on the data, this study implements five different distributions for annual
maximum flow in Peninsular Malaysia, namely GEV, GLO, GPA, PE3 and LN3.

2.2 L-Moment

L-moments are a linear combination of probability-weighted moments (PWMs) proposed by
Hosking (1990) [28]. L-moments are considered more efficient than PWMs since they are easily
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comprehended as a scale and shape measurement of probability distributions. L-moments are
also regarded as being better than traditional moments. In terms of application, L-moments
are frequently calculated from a finite sample. Assume z1., < T2, < -+ < x,., are the data in
a specific order with a sample size of n. Landwehr et al. [29] described the L-moment method’s
unbiased sample estimator as follows:

Y B ()

i=r+1

The first four components of an unbiased sample estimator are as follows

bO = - Lin (2)

1 .
by = ﬁ lz_: (n — 1)»’Em (3)

2= Zon—D(n—2)""" W
I~ (=D(E=2)(-3)
I P &)

1,888,000 A
Panang
N Sembrian
Melaka -",I \s.“m“ Riv ‘__.‘ ”
- o . \\ ) > -';' - ’ o o
“a, } R A
Py L '
|
Logend .
—
L L
e el

Figure 1: Location of Segamat River by Romali et al. (2018) [24]
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The first four sample estimates for L-moments referred to as:

I = by

la = 2b; — by

l3 = 6by — 6b1 + by

l4 = 20bs — 30b2 + 12b1 — by

The samples of the L-moments ratio are addressed as follows:
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From the sample, L-moments, /; or known as L-location, describes the central value of the
maximum stream flow data while L-scale (/5) means the spread of the distribution. The larger
the scale parameter, the more spread out the distribution. The coefficient variation (t3) is
more or equal to 1, indicating higher or lower variation. Meanwhile, L-skewness and L-kurtosis
indicate the position of the distribution’s tail and peak value of the distribution [30]. Table 2
describes the candidates of the probability distribution to fit the flood frequency data, which
are GEV, GLO, GPA, PE3, and LN3. The cumulative density function and the parameter
estimations of the distributions are explained in Table 2. From Table 2, x(F') represents the
quantile estimate and F' is a corresponding probability of non-exceedance for a given return
period T'. F' can be defined as F' = 1—1/T. Meanwhile, é, & and k represent the location, scale
and shape parameter of the candidate distributions.

2.3 Performance Measurement

This section is divided into three sub-sections: accuracy measure performance, L-moment
Diagram (LMR), and goodness-of-fit test (GOF) to identify the optimum distribution at the
Segamat River site.

2.3.1 Accuracy Measure Performance

There are five accuracy measure performance used: the mean absolute percentage error
(MAPE), mean absolute error (MAE), coefficient of determination (R?), root mean square
error (RMSE) and root mean square percentage error (RMSPE), and the definition of each
accuracy measurement is shown in equation (13) to equation (17).
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Table 2: Estimated Distribution Parameters using the IL-Moment Technique
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where F'(y;) represents the actual stream flow data (observed data), n represent the total
number of data, F (y;) represents the average of the actual stream flow, and F'(y;) represents
the estimated return period obtained from the selected distribution. The numerical accuracy
performances such as MAE, MAPE, RMSE, and RMSPE, measure the difference between
the actual observation of annual peak flow and theoretical estimates of peak flow from
the distribution. The R? measures how well the theoretical estimated value obtained from
distribution is able to fit the actual data. The larger value of R? indicates a better fit for the
model.

2.3.2 L-Moment Ratio Diagram (LMR)

Hosking and Wallis [30] proposed L-Moment Ratio Diagram (LMR) in identifying an
ideal distribution. For a three-parameter distribution, the LMR illustrates the theoretical
relationship between t3 (skewness) and ¢4 (kurtosis), defined in Eq. 11 and Eq. 12, respectively.
The value of t3 is drawn from the Segamat river peak flow data and plot to LMR to recognise
which distribution line it lies closely.

2.3.3 Goodness of Fit Test

To evaluate whether the proposed probability distributions are appropriate, suitable statistical
techniques, such as the GOF tests may be used. The GOF tests can be utilised as the
justification to select the most optimum distribution in FFA [31]. In this study, two GOF-
tests, the Kolmogorov-Smirnov (KS) and Anderson Darling (AD) tests are used to examine
how well the observed data represents the distributions. In the hydrological field, the KS test is
commonly employed to investigate the suitability of the distribution [32]. Hypothesis testings
were carried out to assess if the data follows the specific distributions, using KS and AD tests.
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Hy: The data follow a specified distribution.
H,: The data do not follow the specified distribution.

The p-value must be greater than a = 0.05 to accept the null hypothesis.
The equation of KS test is as follows;

A = max; |F(x;)—Fy(x;)| (18)

where F'(x;) is the corresponding to the selected x; distribution function, and Fy(x;) is the
additive frequency distribution ordinal calculated from the observed sample [27]. The AD test
is a statistical test that can detect deviations from normality in sample distributions. The AD
test, in particular, converges quickly to the asymptote [33]. The formula for AD test is given
by

n

AD = —n— %Z (2i — 1) [In( F(X;)) +1n( 1 — F(Xo_is1)] (19)

3 Results and Discussion

Maximum flows are mainly linked to the engineering of flooding, the facilities of drainage
systems, and the development of flood management measures. Table 1 presents the summarized
descriptive statistics of the annual peak flow of Segamat gauged river site. The peak flow data
of the Segamat river is measured in cubic meters per second. Table 1 shows that the observed
flow data for Segamat River site is highly skewed, indicating that the data fits the non-normal
distribution. The annual maximum series of daily stream flow in Segamat, Johor, Malaysia,
is analysed and fitted to five non-normal distributions. This research implements five different
distributions that are suitable for annual maximum flow in Peninsular Malaysia, namely GEV,
GLO, GPA, PE3 and LN3. The parameters of the five probability distributions are obtained
using the L-moment method. The estimated parameters for GEV, GLO, GPA, PE3 and LN3
distributions are reported in Table 3. The Gringorton unbiased plotting position formula plots
the observed annual maximum flood data shown in Figure 2.

Figure 2 shows the cumulative distribution function for the candidate distribution, the GEV,
GLO, GPA, PE3 and LN3 distributions. The CDF plot is used to compare the estimated peak
flow from the candidate distribution with the actual data graphically. From the observations
of the CDF plot, all the candidate distributions precisely represent the left tail and the central
part. Usually, the right tail of the data is the key for any flood risk management project. From
Figure 2, the observations show that the LN3 distribution is the closest in representing the
right tail of the actual data.

Table 3 shows the estimated parameter for GEV, GLO, GPA, PE3, and LN3 distributions
using the L-moment method. From this table, GEV, GLO, and GPA distributions exhibit
negative values of the shape parameter through the indication of short-tailed or bounded
distribution for GEV, GLO, and GPA distributions [34]. However, PE3 distribution produces
the greatest absolute value of shape parameter and the highest value of scale parameter. These
parameters correspond to greater maximum streamflow and the gradient of the maximum
streamflow [34].
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Figure 2: CDF plot for the Segamat Annual Peak Flow and the Candidate Distribution

Figure 3 shows a probability plot or QQ-plot between annual peak flow and the candidate
distributions. The QQ-plot is a graphical method to compare the candidate distributions.
Based on observation, the LN3 distribution lies close to the black line compared to other
candidate distributions. In order to support our observation based on the graphical method,
accuracy performance measure, goodness-of-fit test, and L-moment Diagram are added in the
analysis. Evaluating the significance of the variations between the models solely based on the
graphical display is tough to comprehend or identify. Therefore, in this study, the optimum
model is identified using three types of measurement: the GOF test, numerical accuracy
measure, and L-moment ratio diagram. Table 4 shows the performance measurement for
candidate distributions. The performance measurements used are the KS test, AD test, RMSE,

Table 3: Estimated Distribution Parameters using the L-Moment Technique

Parameters
Dist. Qa E k
GEV 108.64 86.49 —0.47
GLO 145.25 74.24 —0.51
GPA 37.33 126.30 —0.35
PE3 234.58 280.83 3.18

LN3 25.78 4.70 1.13
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Figure 3: QQ-Plot for Segamat Annual Peak Flow and Candidate Distribution

MAPE, RMSPE, R?, and LMR. The KS and AD test is measured as p-value. From Table 4, we
can see that the p-values of the KS and AD tests are greater than 0.05. Thus null hypothesis in
Section 2.3.3 is accepted for all distributions. We chose the distribution with the highest p-value
to fit the data as the higher significant p-value indicates that the distribution fits the actual
data better. RMSE, MAPE, RMSEPE, and MAE are relative accuracy measures, whereby the
lowest value for each measurement better fits the estimation from the candidate distribution
to the actual data. From Table 4, LN3 distribution is the best-fitted distribution when using
KS test, AD test, MAPE, RMSEPE and LMR. PE3 is the best-fitted distribution when using
RMSE, MAE and R?.

For the purpose of fair evaluation, the rank score approach is implemented in this study
to identify the best-fitted distribution at the target site. This approach required giving each
distribution a score based on how well the distribution fits the actual observation. The best-
fitted distribution is given a score of 5, and the least fit distribution is given a score of 1. The
GOF test of distributions was measured with p-value. The higher p-value indicates that the
distribution fit the actual data well. Sample estimates of the dimensionless ratios are compared
in the LMD. The LMD is shown in Figure 4. The distribution with the smallest RMSE, smallest
MAE, smallest RMSPE, smallest MAEP and the highest R? is given the highest score value of
5. The distribution with the highest RMSE, highest MAE, highest RMSPE, highest MAEP and
the lowest R? is given the lowest score value of 1. Table 5 shows the performance measurement
for candidate distributions. Table 5 presents the score result for each distribution selected in
this study.
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Table 4: P-value of GOF Test and Performance Measurement for Candidate Distributions

Candidate Distribution GEV GLO GPA PES LN3

KS 0.8167 0.8165 0.9865 0.6705 0.9866

AD 0.8188 0.7301 0.9544 0.6362 0.9844

RMSE 51.4190 54.8169 40.0422 31.9708 39.2965

MAPE 0.1222 0.1341 0.0879 0.1091 0.0798

MAE 27.7876 29.6819 21.0709 19.9644 20.4559

RMSPE 0.2592 0.2734 0.1156 0.1372 0.1075

R? 0.9840 0.9824 0.9901 0.9934 0.9899

LMR 0.0928 0.0847 0.0389 0.0402 0.0350

Table 5: Rank Score for Candidate Distribution

Candidate Distribution GEV GLO GPA PES LN3
KS 3 2 4 1 5
AD 3 2 4 1 5
RMSE 2 1 3 5 4
MAPE 2 1 4 3 5
MAE 2 1 3 5 4
RMSPE 2 1 4 3 5
R? 2 1 4 5 3
LMR 1 2 4 3 5
Total Score 17 11 30 26 36

The outcomes in Tables 4 and 5 reveal that the LN3 distribution is the optimum distribution
to represent the Segamat River peak flow data. After assessing each of the distributions
individually, the data Table 5 suggests that the GLO distribution is not suitable, as it has
the lowest rank score. The LN3 distribution has a better total rank score compared to the
other distributions used in this study. Figure 2 shows the CDF plot curve for the Segamat
River site. The CDF plots show that most distributions precisely represent the left tail and
central part. The right tail is the key because it is the most crucial in water resource design
and planning. GEV, GLO, GLPA, and P3 frequency models did a mediocre job describing the
right-tail parts. The frequency mechanism of the data influences the selection of the optimum
model for FFA at a location with similar physical and hydrological characteristics. These results
indicate that it is difficult to propose a specific probability distribution for the annual peak flow
of a river in Johor because each river has a unique data series. The peak flow data rapidly
changes from year to year due to weather uncertainty caused by climate change. The objective
of choosing the optimum model for each site is to estimate extreme stream flow with different
return periods. As a result, various stream flow return periods are estimated using an adequate
frequency model.
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Table 6 shows the estimated return period for all distributions. From the table, the LN3

distribution produces a large value of estimated flood discharge. These values indicate the
probability of having a flood magnitude for 7" = 2, 10, 25, 50, 100, and 200 years.

The

estimated flows for 50, 100, and 200 years for the Segamat River site on LN3 distribution are
1149.1211 m?/s, 1554.535 m? /s, and 2052.6002 m?/s, respectively.

Table 6: Estimated Flood Discharge for the Segamat River Site

Estimated Flood Discharge (m?/s)

Return Period
(Years) GEV GLO GPA PE3 LN3
2 143.2785  145.2569  136.7669  121.1037  136.0053
10 457.2904  448.0712  490.0393  557.4518  495.0469
25 759.7659  741.8052  803.8349  874.0756  823.2788
50 1090.9282 1070.8430 1120.2796 1128.5833 1149.1211
100 1549.7497 1537.7372 1526.3191 1391.7534 1554.5351
200 2186.6812 2202.5991 2047.3204 1661.3290 2052.6002

4 Conclusion

FFA is a well-known hydrologic engineering method that has attracted attention from
researchers. This study aims to find the best candidate distribution for FFA to portray the
annual peak flow variable of a river site of interest. The GOF test is used to assess the accuracy
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of five three-parameter probability distributions in this study which are P3, GLO, GPA, LN3,
and GEV. The most widely used parameter estimation method, the L-moment approach, is
used to obtain the parameter for each distribution used in this paper. The annual maximum
series data, extracted from the historical daily streamflow record of the Segamat River site in
Johor, Malaysia, is used for testing. The models’ assessment was conducted using a goodness of
fit test, LMR, and numerical performance criteria. The data’s fitness assessment using various
measurement tools ensures that the selected distribution is robust and accurate to estimate the
return period. The best-fit function for annual peak flows for the Segamat River site is the LN3
distribution. The distribution may be implemented for regional FFA or in-situ FFA of several
other rivers located in Johor for further studies.
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