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Abstract: Extreme rainfall is one of the most devastating natural events. The frequency and intensity
of these events has increased. This trend will likely continue as the effects of climate change become
more pronounced. As a consequence, it is necessary to evaluate the different statistical methods that
assess the occurrence of the extreme rainfalls. This research evaluates some of the most important
statistical methods that are used for the analysis of the extreme precipitation events. Extreme Value
Theory is applied on ten station data located in the Mediterranean region. Furthermore, its two main
fundamental approaches (Block-Maxima and POT) and three commonly used methods for the
calculation of the extreme distributions parameters (Maximum Likelihood, L-Moments, and
Bayesian) are analyzed and compared. The results showed that the Generalized Pareto Distribution
provides better theoretical justification to predict extreme precipitation compared to Generalized
Extreme Value distribution while in the majority of stations the most accurate parameters for the
highest precipitation levels are estimated with the Bayesian method. Extreme precipitation for
return period of 50, 150 and 300 years were finally obtained which indicated that Generalized
Extreme Value Distribution with Bayesian estimator presents the highest return levels for western
stations, while for the eastern Mediterranean stations the Generalized Pareto Distribution with
Bayesian estimator presents the highest ones.
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1. Introduction

The frequency and the intensity of extreme rainfall episodes has increased in many land areas
around the world [1]. Additionally, in many European countries such as the Czech Republic [2],
northern Italy [3] and Germany [4], the extreme precipitation episodes are observed with a high
frequency. Due to their severe impacts in many fields (agriculture, economy, etc.), these episodes
have been examined commonly, using either precipitation indices or real data. Although it is
necessary to investigate the future behavior of extreme events especially for regions such as the
Mediterranean, especially the central Meditteranean, where the flood and drought risks are high [5].
For this purpose, it is useful to evaluate the statistical tools that are used to study extreme climatic
episodes which is the main purpose of the present study.

Extreme Value Theory (EVT) is one of the most usual statistical methodologies which is used for
the description of rare events (climatic or not) and specifically its two fundamental approaches the
Generalized Extreme Value distribution (GEV) and the Generalized Pareto distribution (GPD). EVT
analyzes the tail of the studied parameter distribution, which describes the extreme values,
commonly produced by the Block Maxima or the Peak Over Threshold (POT) technique. For the
application of the Block maxima, the data set is divided into same-sized non overlapping periods and
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from each one the maximum (or minimum) value is chosen. This new data set includes the extreme
values. According to researches [6-8] the GEV distribution, which combines three different statistical
families (Gumbel, Fréchet, and Weibull) can fit the extreme data set with a high accuracy. Another
way of defining extreme values is to choose all the values that exceed a specific limit-threshold. This
technique is POT and GPD distribution fit this data set satisfactorily [7]. Both Block Maxima and POT
methods have some difficulties on their application. Firstly, choosing the most appropriate period-
size (for Block Maxima) is not an easy procedure, according to Coles [9] too large sub-periods produce
only a few values, while too small sub-periods could lead to biases. Secondly, in POT procedure the
choice of the most appropriate threshold includes an uncertainty [10] as it is a scientist’s choice and
this can affect the final results.

For the analysis and the description of the extremes distribution, three parameters were used:
shape, scale and location. The values of these parameters can be calculated, using several statistical
methods such as the Maximum likelihood (MLE), the L-moments and the Bayesian method. The MLE
is an often-used method due to its reliable results and its simplicity. Mainly it is used for large data
sets, as its results could be doubtful for samples minimum then 50 values [11,12]. The L-moment
method is based on the linear combinations of probability weighed moments (PWMs). Finally the
Bayesian is an accurate but complex method, which uses the initial data and offers supplementary
information about it from alternative sources, through the prior distribution.

The main purpose of this study is to evaluate some of the most commonly used statistical
methods and techniques that are used for the extreme analysis. That is achieved using the extreme
precipitations around the Mediterranean region. Additionally it offers an overview of three statistical
techniques, for the estimation of the extreme distribution parameters. Finally based on the above
methods and techniques this study presents a measurement of the rainfall risk for the Mediterranean
stations through the return levels.

2. Experiments

2.1. Data

For this research daily values of precipitation from 10 Mediterranean stations (Malaga,
Barcelona, Nice, Bastia, Cagliari, Verona-Villa-Franca, Bologna, Gospic, Split-Marjan, Athens, and
Thessaloniki) were used. Studying extreme climatic events requires an accurate data set in order to
achieve reliable results. As a consequence the 10 studied stations, which cover the whole
Mediterranean region, were chosen as their percentage of missing values does not exceed 2%. For the
majority of stations, the data came from the “European Climate Assessment & Dataset” (ECAD) [13],
while for Athens and Thessaloniki, the data was provided by the National Observatory of Athens
and by the Department of Meteorology and Climatology of the Aristotle University of Thessaloniki
respectively. Furthermore, the data covers a period of 60 years (1951-2010) and the location of each
station can be observed in Figure 1.
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Figure 1. The geographical distribution of the 10 studded stations.
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2.2. Methodology

In the present study the two fundamental approaches of EVT were applied on the extreme
precipitation events of the Mediterranean stations. Firstly the extreme values of precipitation were
chosen for each station, using both the Block Maxima and the POT technique. Due to the fact that the
data set is daily values of precipitation, the Block Maxima applied on annual sub-periods. As a result,
the maximum precipitation episode of each year was chosen as extreme. According to the second
technique, POT, the rainfall episodes with amounts higher than 99% were chosen as extremes. The
percentage of 99% is in agreement with Anagnostopoulou and Tolika [14] who proved that this is the
most appropriate threshold for extreme rainfalls in Europe. The two new produced data sets were
fitted on both the Generalized Extreme Value Distribution (GEV) and the Generalized Pareto
Distribution (GPD) respectively. Moreover, to check if the chosen distributions can describe the
extreme data sets satisfactorily, both the Kolmogorov Smirnoff and the Anderson Darling tests were
applied. Finally, three statistical methods that are used for finding the distributions parameters were
evaluated. These methods are: the Maximum Likelihood estimation method (MLE), the L-moments
method and the Bayesian method.

3. Results

3.1. Climatology of the 10 Mediterannean Stations

In order to study the climatic extreme events of a region, it is helpful to know its climatology.
Table 1 presents the mean daily precipitation and the absolute maximum rainfall amount that was
recorded on each station.

Table 1. An overview of rainfalls in the 10 studied stations.

STATIONS PRECIPITATION
Name Country Mean Daily (mm) Absolute Maximum (mm)
Malaga Spain 1.55 313.00
Barcelona Spain 1.72 194.80
Nice France 2.20 191.40
Bastia France 212 232.40
Cagliari Italy 1.14 109.60
Verona Villa Franca  Italy 217 198.00
Gospic Croatia 3.79 141.00
Split Marjan Croatia 223 131.60
Athens Greece 1.09 116.00
Thessaloniki Greece 1.24 98.00

According to Table 1 Gospic is the station with the highest mean daily precipitation, while
Malaga has the highest absolute maximum amount. As it concerns the lowest values, both the
minimum mean daily precipitation and the lowest absolute maximum rainfall amount observed in
Greek stations (Athens and Thessaloniki respectively). In general, it is obvious from Table 1 that the
mean daily precipitation is not related with the absolute maximum amount. For instance, Malaga had
the most extreme rainfall episode, although its mean daily precipitation is low.

3.2. Goodness of Fit Test with Shape Diagram

After the application of two goodness of fit tests (Kolmogorov-Smirnov, Anderson Darling), it
is proved that GEV and GPD distributions can characterize the extreme rainfall behavior with high
accuracy. Following that, the parameters of each distribution were estimated using three different
methods (MLE, L-Moments and the Bayesian methods). Shape parameter is a helpful tool for
checking whether the chosen distribution is appropriate or not. Particularly as rainfalls haven’t got
an upper threshold the appropriate distribution should not be bounded above. For example the



Proceedings 2017, 1, 681 4 0f 8

Weibull distribution (negative shape parameter), is inappropriate for precipitation. On the contrary,
the Frechet distribution (unbounded above distribution) which has positive shape value, could be
appropriate for precipitations. Based on that, Figure 2, presents an overview of the shape diagrams
of each station. It is shown that GEV-L is not appropriate for the description of extreme rainfalls in
the majority of stations. Moreover, GPD-M and GEV-M are inappropriate for Gospic, while GPD-L
for Verona-Villa-Franca.
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Figure 2. Shape parameter of the 10 studied stations, estimated by six different statistical methods
(GEV-M, GEV-L, GEV-B, GPD-M, GPD-L, GPD-B).

3.3. QQ-Plots

Quantile-quantile plot (QQ plot) is a useful tool used to check if the assumed distribution fits
satisfactorily the studied data set. In Figure 3A-] GEV and GDP distributions using the MLE, L-
moments and Bayesian techniques are compared to each station. According to Figure 3 both GEV
and GPD distributions characterize satisfactorily the extreme rainfalls in the majority of the stations.
Generally the QQ plots reveal that the GPD-M, GPD-L and GPD-B methods are more appropriate for
small and medium rainfall values, compared with GEV-M, GEV-L and GEV-B which deviate a little
from the reference line. As it concerns the greatest values of the extreme rainfalls, they are accurately
fitted by both GEV-B and GPD-B distributions in almost all stations.

3.4. Return Levels

The estimation of the precipitation return levels, offers a common way to estimate the climatic
risk, usually based on historical data. In this study, the return levels of extreme rainfalls were
calculated for both GEV and GPD distribution using MLE, L-moments and Bayesian techniques
(Table 2). According to Table 2, Bastia presents the highest return levels of extreme precipitation
while Thessaloniki the lowest. That is observed in the three return periods, regardless of the method
and the distribution which is used. In Table 2 it appears that GPD-B and GEV-B give the highest
return levels for the three return periods and for all stations except of Verona-Villa-Franca. For the
lowest return levels the results are more complex, as in almost five stations the GEV distribution
(mainly GEV-M) asses the lowest return levels whereas GPD distribution (GPD-M and GPD-L)
presents the lowest of the rest of the stations. What is also observed in Table 2, is that the Bayesian
methods do not give any lowest return level neither with GEV nor with the GPD distribution. Finally,
in the western Mediterranean and in stations with the highest altitude, the highest precipitation
return levels are recorded with the GEV-B method while for the eastern stations with the GPD-B.
Moreover, the GPD distribution either with MLE or with the L-moments method present the lowest
return values for the western stations, while the GEV-M for the eastern ones.
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Figure 3. QQ plots for the 10 studied stations (from A to J) using six different statistical methods
(GEV-M, GEV-L, GEV-B, GPD-M, GPD-L, GPD-B). X-axis provides the models values and Y-axis the
empirical values.
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Table 2. The precipitation return levels for the 10 stations and for three return periods (50, 150 and

300 years). The red cells shows the highest values of each station while the blue shows the lowest

ones.
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50
YEARS
GEV-M | 1949 | 140.1 115.9
GEV-L 139.7 | 1587 | 1207 1157 | 958 | 81.9
GEV-B 162.6 | 117.3 | 231.8 1119 | 1345] 1220 | 993 | 855
GPD-M 156.0 | 115.1 | 240.1 1093 | 1290 | 1119 | 1124 | 83.0
GPD-L | 195.7 1586 | 115.1 | 239.3
GPD-B | 2032 | 1438
150
YEARS .
GEV-M | 2580 | 167.9 | 1834 140.9
GEV-L | 2524 | 167.3 | 194.0 117.1 | 95.0
GEV-B 1223 | 102.8
GPD-M 1432 | 981
GPD-L | 256.8 150.7 | 102.4
GPD-B | 2700 | 172.8
300
YEARS -
GEV-M | 3055 | 186.4
GEV-L 185.5 | 2182 | 1319 | 1033
GEV-B 1384 | 1143
GPD-M 165.6 | 108.0
GPD-L 176.4 | 113.8
GPD-B | 3210 | 1923 1521 | 1645] 1593

4. Discussion and Conclusions

The main aim of the present study is to evaluate different statistical methods that are used for
the description of extreme rainfall events. For this purpose, daily values of precipitation are used,
coming from 10 stations located around the Mediterranean region. The stations expand from Spain
to Greece and the time period starts from 1951 to 2010. To analyse the extreme rainfalls, the data was
organized into new data sets, the Block Maxima data set which was fitted with the GEV distributon
and POT data set fitted with GPD distribution. Finally, their parameters were estimated with MLE,
L-moments and Bayesian methods.

The choice of the distribution that can characterize the extreme rainfall’s behavior became using
goodness of fit tests. In accordance with many researches [14-17] GEV and GPD distribution seem to
be the most appropriate. The importance of choosing an appropriate distribution is great, as it can
affect the final results [18]. Consequently, an extra test for choosing an appropriate estimation method
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was achieved through the QQ plots. The results showed that GPD method with all of the three
techniques could characterize sufficient the extreme rainfall episodes especially the minimum and
medium extreme values. Moreover, it should be mentioned that both GEV-B and GPD-B are
appropriate for the maximum values of extreme precipitation. Taking into account both the QQ plots
and the shape diagram it is observed that the less suitable method for fitting the extreme episodes is
GEV-L, despite the fact that is commonly used [15,19].

Furthermore, in this research the return levels of extreme rainfalls were calculated for three
return periods (50, 150 and 300 years). The results showed that in the stations of Bastia and Malaga
the highest return levels were recorded while in the eastern the lowest ones. That is explained from
the fact that many of these stations such as Bastia are located in the western Mediterranean close to
cyclogenesis center (Gulf of Genoa) [20,21], while other stations such as Malaga located along the
Atlantic depression trajectories which are moving into the Mediterranean [20]. It is also found that
GEV-B method, also used by Dyrrdal et al. [16], assess the highest return levels of precipitation for
the western Mediterranean stations, while the GPD-B, also used by Cooley et al. [22] for the eastern
ones.
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Abbreviations
The following abbreviations are used in this manuscript:

GEV-M  Generalized Extreme Value Distribution with the Maximum Liklihood estimation method
GEV-L  Generalized Extreme Value Distribution with the L-moments estimation method
GEV-B  Generalized Extreme Value Distribution with the Bayesian estimation method
GPD-M  Generalized Pareto Distribution with the Maximum Liklihood estimation method
GPD-L  Generalized Pareto Distribution with the L-moments estimation method

GPD-B  Generalized Pareto Distribution with the Bayesian estimation method

GEV-L  Generalized Extreme Value Distribution with the L-moments estimation method
MLE Maximum Liklihood Estimation method

EVT Extreme Value Theory

GEV Generalized Extreme Value Distribution

GPD Generalized Pareto Distribution

POT Peaks Over Threshold
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