Acta Geobalcanica 4-2, 2018, 49-56

STATISTICAL CHARACTERISTICS OF
EXTREME PRECIPITATION EVENTS AT THESSALONIKI,
BASED UPON OBSERVED AND MODELED VALUES
DOI: https://doi.org/10.18509/AGB.2018.06
UDC: 551.577:519.213]:004.942(495.622)

Maria Douka, Theodore Karacostas
Department of Meteorology and Climatology, Aristotle University of Thessaloniki, Greece
Corresponding author: maridouk@geo.auth.gr
Submitted: 25.02.2018, Accepted: 15.04.2018, Published: 30.09.2018

Abstract
The objective on this paper is to compare the extreme rainfall characteristics, deduced from the best
modelled probability distribution functions and the actual precipitation measurements, obtained at
the Department of Meteorology and Climatology of the Aristotle University of Thessaloniki
meteorological station.
To meet this objective, the proven best models for the simulation of the annual and seasonal
extreme rainfall events at the Thessaloniki meteorological station, that is: Generalized Pareto, Johnson
SB, log-Pearson and Fatigue Life (3P) probability distribution models, are appropriately applied
to generate the extreme rainfall characteristics for the period 1947-2003.
The measures of central tendency and variability, for regular and ordinal data, are calculated -in
an annual and seasonal basis- in order to compare the two different approaches. Hence the
deviations between and among the measured and the modelled values of rainfall: means, medians,
standard deviations, variance, skewness and kurtosis, are compared to demonstrate any existent
difference. The deviations between the projected and actual measures of central tendency values are
discussed, with respect to the contribution on climate change.
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INTRODUCTION
Predicting and adapting to changes of the
statistical
characteristics
of
extreme
precipitation events in the context of a
changing climate is one of the major
challenges of the climate change community.
The warming is projected to continue and is
likely to be accompanied by changes in
extreme weather and climate events [1].
According to Cubasch et al. [2], precipitation
extremes could increase by more than the
(annual or seasonal) mean and may cause
more frequent and severe floods in a future
warmed climate. Therefore, changes that will
potentially observed in the extreme rainfall
characteristics are crucial and of a great
research interest, due to its enormous impact on
humans, their properties and the environment.

Although bibliography seems to be extensive
on the studies concerning the projected
changes in extreme precipitation [3 - 11],
very few researchers [12, 13] examined
extreme rainfall characteristics of a single
station. Since the geographical structures of
the studied area affect substantially the
spatial variability of extreme precipitation
events, these studies are deemed to be
invaluable tools in the prevention of the flood
damages by the construction of certain
projects, such as drainage systems and dams.
On the other hand, despite the fact that a lot of
scientific work has already been done
worldwide on the subjects related to the
statistical
characteristics
of
extreme
precipitation [14 – 20], very few researchers
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examined the statistical analyses of extreme
rainfall conditions by using hourly
precipitation measurements [21 – 25]. This
could be attributed to the rarity of these data
information. However, according to Kanae et
al. [26], the study of extreme rainfall
occurring on a smaller scale than daily may
reveal a more effective presentation of the
observed trends. Moreover, the utilization of
hourly records is more beneficial, as the heavy
precipitation events occurring mainly in the
warm period of the year, are characterized by
their short duration. In Greece, the studies
using hourly precipitation measurements are
limited. Particularly, in Thessaloniki the
investigation of the diurnal rainfall pattern is
the unique example of using hourly rainfall
data and was carried out by Giles and Flocas
[27].
The purpose on this study is to compare the
extreme rainfall characteristics, deduced from
the best modelled probability distribution
functions and the actual precipitation
measurements, obtained at the Department
of Meteorology and Climatology of the
Aristotle
University
of
Thessaloniki
meteorological station. Deviations between
extreme rainfall characteristics produced by
two other approaches are also discussed, on
annual scale, through the utilization of hourly➢
precipitation records.
In Section 2, a detailed description of both the
materials and the methodology used, is
provided. The analysis of the results of the
deviations between the measures of
tendency and variability of extreme rainfall
datasets, on annual scale, is provided in
Section 3. Moreover, the seasonal outcomes
of the comparison of the statistical
characteristics of the first approach are
discussed in this section. The conclusions are
drawn in Section 4.
DATA AND METHODOLOGY
The data used in this study are hourly
measurements of precipitation obtained at the
Meteorological Station of the Department of
Meteorology and Climatology of the
Aristotle University of Thessaloniki (AUTH)
for the period 1947 - 2003. Regarding the
homogeneity and the randomness of the
examined time series of precipitation, the
Bartlett’s test of homogeneity and the
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Cramer’s test, respectively, were applied by
Stathis and Mavromatis [28] for a little longer
period (1930 – 2003). Results indicated great
precipitation homogeneity of the data, as well
as absence of randomness.
As far as the definition of extreme
precipitation is concerned, the selection of a
fixed absolute threshold was preferred to
percentiles, based on the fact that absolute
threshold is deemed to be the most
appropriate and efficient technique, as it
contributes significantly to the understanding
of the impact of extreme rainfalls on the
society locally. To be specific, the suggestion
of Douka et al. [29] is adopted.
Characteristically, they concluded that the
value of 6.5mm/h is defined as the hourly
threshold of extreme
precipitation in
Thessaloniki, during the period 1947-2003 and
it corresponds to 93% of the total rainfall data
(daily precipitation ≥ 0.1mm). Therefore, the
data exceeding the aforementioned hourly
threshold were classified in annual and
seasonal basis.
In order to assess the changes of the
statistical
characteristics
of
extreme
precipitation events in the studied area, the
following three case studies are examined.
1st Case Study: Two sets of rainfall data are
employed. The first one (1st set) is consisted
of the actual extreme precipitation
measurements of AUTH, while the second
one (2nd set) contains estimated rainfall
values for the period 1947 - 2003. To
generate the latter set of data, the parameters
of the, proven by Douka and Karacostas
[30], best models for the simulation of the
annual and seasonal extreme rainfall events at
the Thessaloniki meteorological station, that
is: Generalized Pareto, Johnson SB, logPearson 3 and Fatigue Life (3P) probability
distribution models, are appropriately used.
Mean value, median, standard deviation,
variance, skewness and kurtosis were then
calculated for both sets of data, on annual
and seasonal scale. The deviations between
and among the measured and the modelled
statistical characteristics were compared to
demonstrate any existence difference. Last
but not least, normalization of the data was
performed, in order to be better represented
and compared graphically.
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2nd Case Study: In this case study, the
extreme rainfall measurements obtained at the
meteorological station of AUTH were
separated in two data sets. The first one (1st
set) is made up of the odd actual rainfall
measurements (x1, x3, …), whereas the
second one (2nd set) contains the even actual
precipitation records (x2, x4, …). The
statistical characteristics calculated in the 1st
case study, as well as the normalized values
of the data were also estimated for both sets.
The stability of the time series is examined
through the present case study.
3rd Case Study: In this last case study, the set
of
actual
precipitation
measurements

exceeding the threshold of 6.5 mm/h were
divided in two time series as follows: 1947 1975 (1st set) and 1976 - 2003 (2nd set). The
deviations between the actual (1st set) and
“projected” (2nd set) measures of central
tendency values are then discussed, with
respect to the contribution on climate change.
RESULTS
The annual statistical characteristics of
extreme rainfall events for both data set of
each case study, as well as, the graphical
comparison of their probability functions,
are provided in Table 1and Figure 1,
respectively.

Table 1. Calculated extreme rainfall characteristics for both
1st and 2nd data set of each case study (C.S.), annually.
1st C.S.
2nd C.S.
3nd C.S.
1st set
2nd set
1st set
2nd set
1st set 2nd set
Statistical Characteristics
Mean
11.3
11.3
11.1
11.5
11.7
11.0
Median
9.2
9.5
9.0
9.5
9.3
9.1
Standard Deviation
6.2
6.3
6.6
5.8
6.6
5.7
Variance
38.2
39.1
43.3
33.2
43.0
32.6
Skewness
3.0
3.3
3.6
2.0
2.5
3.7
Kurtosis
13.0
14.5
18.2
4.4
8.2
22.4

Regarding the deviations between and
among the measured (1st set) and the
modelled (2nd set) statistical characteristics
of the first case study, no significant
difference is found. Moreover, it is worthnoting that the mean value for both data sets
appears to be absolutely the same. This
could be attributed to the fact that the
second data set is consisted of estimated
values, being produced by generating random
numbers from the parameters of the best
fitted, to the actual rainfall measurements,
model. As far as the information contained
in their probability functions (Figure 1a) is
concerned, it seems to be identical.
However, the weakness of the Generalized
Pareto distribution to simulate the maximum
hourly measurements is evident.
Turning now to the changes of extreme
rainfall characteristics between the data sets
of the second case study, the odd
measurements (1st set) tend to be spread over
a wider range from the mean value than the
even records (2nd set) of the studied period.
This remark seems to be consistent with the
probability functions of the aforementioned

data sets (Figure 1b), since the “red line”
is
shown
to
be
interrupted
at,
approximately, 37 mm/h. The latter
conclusion is also verified by the almost
platykurtic distribution function, as well as
its positive skewness. In particular, the
skewness of the distribution of the even
measurements is smaller than the
corresponding one of the odd values,
implying the longer tail on the right side of
the probability function of the latter data set.
On the question of the outcomes of the
third case study, it is apparent from the
Figure 1c that they present converging
behavior with the ones of the second case
study. Specifically, it has been noticed that
the “projected” values of the period 1976 –
2003 tend to be placed closer to the mean
value than the actual values of the period
1947 – 1975. The above mentioned are also
supported through the changes between the
1st and the 2nd data set of the third case
study (Table 1). However, the skewness of
3.7 units of the “projected” probability
function testifies its longer tail on the right.
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Figure 1. Comparison between (a) actual and modelled values, (b) odd and even actual measurements,
and (c) actual data of 1947-1975 and “projected” ones of 1976-2003, on annual scale, for the 1st, 2nd
and 3nd case studies, respectively. The x represents the precipitation in mm/h, while the y axis
illustrates the frequency.

Concerning the seasonal characteristics of
extreme rainfall events for both data set of the
first case study, they are presented in Table 2
and in Figure 2, as well. As it can be seen
from Figure 2, in winter, no clear difference
between the two data sets was observed. In
Table 2, the absolute deviations between the
actual and modelled measures of tendency
and variability are almost identical, as it
was expected. As far as the outcomes of the
spring and autumn analyses are concerned, no
appreciable
difference
between
the
characteristics of the two data sets is proved.
On the other hand, in summer, the standard
deviation of the actual data is 7.5 units, while
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the corresponding measure of the modelled
data is 5.8 units. In other words, the actual
extreme precipitation measurements at
Thessaloniki, tend to deviate from the mean
value more than the modelled ones. This
conclusion is supported by the results in
variance, which present a difference of
approximately 10 units between the two data
sets. Therefore, the distribution of actual
data is shown to be more “platykurtic” in
summer, relating to the one of the modelled
data. Last but not least, it is remarkable that an
underestimation of the over 20 mm/h extreme
rainfall data has been noticed by the model.
This can be attributed to the fact that models
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often tend to underestimate heavy rainfalls,
very cold or very hot temperatures, since
their
resolution
and
the
numerical

differentiations, which ensure their stability in
long runs, limit the range of variations of their
prognostic variables [31].

Table 2. Calculated extreme rainfall characteristics for both 1st and 2nd data set
of the 1st case study (C.S.), seasonally.
Winter
Spring
Summer
Autumn
Statistical Characteristics
1st
2nd
1st
2nd
1st
2nd
1st
2nd
Mean
9.1
9.3
10.7
11.1
12.9
12.9
10.8
10.6
Median
8.0
8.4
8.9
9.0
10.8
11.5
8.4
8.5
Standard Deviation
2.7
2.8
5.1
5.2
7.5
5.8
5.9
6.2
Variance
7.2
7.7
26.1
26.6
55.7
33.1
34.8
38.3
Skewness
1.5
1.6
2.6
2.1
2.9
2.8
2.4
3.3
Kurtosis
2.1
1.9
8.9
5.2
11.4
13.9
7.3
14.1

CONCLUSION
In the present study, an effort was made to
assess the changes of the statistical
characteristics of extreme precipitation
events in the context of a changing climate.
To meet this objective, three case studies
were studied. Results indicated that in the
first case study, no significant difference
between the actual and the modelled
measures of central tendency values was
present, while in the second case study the
stability of both data sets was confirmed. As
far as the third case study is concerned, it

has been observed that the deviations
between the characteristics of actual and
“modelled” data behaved in a similar way
with the corresponding of the second case
study. Last but not least, despite the fact that
the estimation of the changes of the extreme
rainfall
characteristics
involves
uncertainties, it has been shown that the
knowledge of them could act as a useful
tool for designing the appropriate
infrastructures for prevention of damages.
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Figure 2. Comparison between actual and modelled values for the 1st case study, seasonally.
The x represents the precipitation in mm/h, while the y axis illustrates the frequency.
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