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NTRA-ANNUAL VARIABILITY O F ATMOSPHERIC STATIC INSTABILITY
IN THE MEDITERRANEAN REGION

C.J.LoLis, A. BARTZOKAS AND D.A. METAXAS
Laboratory of Meteorology, Department of Physics, University of loannina

ABSTRACT

The intra-annual variability of atmosphermtatic irstability in the Mediterranean region is studied
(19482007) ¢he mean Slay values of K index are calculated1®9 grid points spaced bg . forethe
73 5day intervals of the yearSmode Factor Analysis is applied and three modes of-artraal
variation of K arefound Mode 1prevails incentral Europe and the northern Mediterranean ceamsts
presents a maxiom during summer and a minimum during winterodé¢ 2 corresponds to the south
western Mediterranean and nowtlestern Africa and presents a maximum in early autumn and a
minimum in winter. Mode 3 refers to the southstern Mediterranean, the nee#sterrcoasts of Africa
and presents maxima about May and October and minima in wintdubpélugust
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DEFINITION OF EXTREME PRECIPITATION THRESHOLDSIN EUROPE
USING PARAMETRIC STATISTICAL METHODS

ANAGNOSTOPOULOUC. AND TOLIKA K.

Department of Meteorology and Climatology, School of Geology,
Aristotle University of Thessaloniki

ABSTRACT

Detection of changes in precipitation extremes threshold is critical to assessing the societal and
ecological impacts. The aim of this study is an objective definition of the extreme precipitation thresholds
in Europe. Daily precipitation data of statioalé over Europebelongingto different climates are used.
Using the statistical method of the Peaks Over Threshold (R&Bmpaniedy the Mean Residual Life
plot and the Generalized Pareto distributitihe objective thresholds of the extreme precijgitatre
detected. The main ressilvf the study show that stations lodhtever the 45latitude present threshald
of extreme precipitation equal to-2®mm. Stations locatidower than 45 present extreme precipitation
thresholds reducing from west toseaThe stationsn the western regions show thresholds at 60mm
while in the eastern regions the threshold is up t&l@mm.
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1. INTRODUCTION

Climatological data are often modelled with a variety ofcated heawtailed
distribution such as the Pareto, Weibull Gumbel and lognormal. Usually, two
approache are used for the analysis of extreme values: the block maxima and the Peaks
over Threshold (POT). The block maxima approach consists of modelling a sequence of
maximum values taken in periods of equal length (e.g. annual maxima, seasonal
maxima). The POTmethod contrasts with the block maxima approach in the
characterization of an observation as extreme if it exceeds a high threshold (Coles,
2001; Kotz and Nadarajah, 1999). The choice of the threshold is tricky; a low threshold
is likely to break the asyptotic basis of the model, while a high threshold could
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generate very few excesses. The optimal threshold is to keep the largest possible
number of data.

Recently, several studies have bean published with similar objectives. McNeil and
Saladin (1997) prapsed the POT method as the best paramapproacbneto fit a
statistical distribution to the tail of unknown distribution. Deidaa and Puliga (2006)
provide a thorough investigation into the sensitivity of the POT method on daily
precipitation in Sardimi region. Coles ail. (2003) used the mean residual life plot to
set the threshold for applying the Generalized Pareto distribution on rainfallTtata.
POT method was also used by Li et al. (2005). The authors used the-ploamgest in
order to defne the most appropriate threshold of extreme precipitation in SW Australia.

This study is motivated by an interest in obtaining the optimal extreme precipitation
threshold of European stations based on objective criterion. Three different POT
approachesre used: a) the mean residual life plot (mrl plot), b) the threshold choice
plot (tc-plot) and c) the dispersion index plot

2. DATA

The study utilises daily rainfall data froemEuropean station network including 38
stations (Fig. 1) and covering ti®602004 period. The daily rainfall data analyzed
were obtained by the ECA dataset (Klein Tank et al., 2002). Daily data from these
stations were selected because they are of high quality. The majority of the stations
present no missing values, while théssing values of few stations were less than 1% of
the total observations. Table 1 indicates the mean precipitation, the total number of
rainy days and the mean rainy days per year for each station.

Mean Total number |[Mean rain

60.00 5 E ) > ;;;',A—’J“' Station precipitation] of rainy days days
: ff§ ~ o }/{ sy Marseille 546 3754 83.4
g8 = e ol ) ° Milan 970 4592 102.0
%5091 =" ; 5 N ‘%’”\7/"& * Zagreb 885 6302] 1400
el = /ﬁ L4 Prague 465 6781 150.7
50.00 s ° ° Paris 647 7561 168.0
g_: L] . ° De Koou 780 9185 204.1
b o F Dublin 774 10166 225.9
45.001 }‘ ° .\ f.. * /r’) L’{}ﬂﬁ‘\\ Copenhangen 629) 7439 165.3
n;“ — (*/ @-Q\ \\fﬁx\ e Athens 395 3023 67.2
o e ° — A ™ AN St. Petropoli 633] 7812 173.6
40.001 . } Lo I TR Larnaka 336 2417 53.7
, s Helsinki 633 8488 188.6
35.00] O i Berlin 585 7946] __176.6
s 3 Frankfurt 626 7376 163.9
S Hamburg 781 8902 197.8
30.00 {/ Tel Aviv 529 2560 56.9
s Groningen 847 9501 2111
J De Bilt 783 9502 211.2
25.00+ T . T T . T . T . . . Bologna 755 4771 106.0
-15.00 -10.00 -5.00 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 Cagliari 219 5320 1182
Roma 862 5775 128.3
Figure 1. The geographical distribution of th Lisboa e R~
stations used in the study. Ljubljana 1291 6839] 1520
Madrid 453 4450 98.9
Geneve 1039 6847 152.2
Lugano 1569 6046 134.4
Zurich 1074 8136 180.8
Vienna 636 7038 156.4
.. . Moscwa 683] 8159 181.3
Table 1. The mean precipitation, the total number ¢ Vinious 646 7510 166.9
i i Malaga 579 2770 61.6
rainy d_ays and the mean rainy days per yeathior o = o
38 stations. Salamanca 387 2417 98.2
Nedstrand 859 9240 205.3
Thessaloniki 450 4094 91.0
Arad 579 5938 132.0
Prilep 477, 5115 113.7
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3. METHODOLOGY

The mean residual life plot isased on the theoretical mean of the Generalized
Pareto Distribution (GPD). If Y has a generalized Pareto Distribution then with the
parametersi (scale)a n d 3 (Cadeh, 2001 )

E(Y) :li w h e @1, the theoretical mean is infinite.
- X

If Y represents excess over a threshaojdand if the approximation by a GPD is
good enough, then

sU
E(X - u|X =uy)=—
1-x

If GPD is valid for theexcesses of the threshold it should be valid for all
thresholds above the new threshajavith updated parameters
s, -

s
E(X-uX=u=—=—=
1-x 1- x
Hence, theE(X - u|X =u)is simply the mean of the excesses of the threshold u
that is expected to chge linearly with u (if the GPD model is appropriate). Finally the
mean residual life plot consigtsrepresenting points (Coles, 2001):

éa o Q. u
188, ——d (X(i) - u) U< X
ic N1 = y

where R is the number of observations above the threshold guisxthe "
observation abavthe threshold u and.xis the maximum value of the observations.

Mean Residual Life Plot

40 50
|

30

Mean Excess

Figure 2. Mean residual life plot

(with 95% confidence intervals)
of daily rainfall data. There is
some evidence of linearity above

20
I

10
I

° g I I I I | 40mm, so the threshold could be
0 20 40 60 80 100 set at u=40mm.
(mm)
Threshold A complementary technique is

to fit the generalized Pareto
distribution at a range of thresholds and to look for the stability of the parameter
estimates (Ribatet, 2007). Let X~@B(e, 35) and uis another threshold, with>ue.

The random valueX|X = u is also GPD with updated parametars=s, +x,(u- u,)
a n g=3p3tet
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s'=s5,-xu

Est i mat arsdg aosfconsiant for all uzlf ug is an opimal threshold for the
asymptotic approximation.

_®®oo¢¢¢¢¢¢¢++++++%%% \c/c’\

Modified Scale

100 50 0 50 100 150

T T T T T T T T
10 20 30 40 50 60 70 80

Threshold

<P <P

i ¢¢¢¢¢¢++++++++HHH /N/

Shape
00 05 10 15

10

T T T T T T T T
10 20 30 40 50 60 70 80

Threshold

Figure 3. Modified scale parameter (top) and shape parameter (bottom) against the thr
for daily rainfall. It is evident that both estima® s * @ i d, @re almost constant fo
40<u<45. Hence the threshold of u=40 can be selected.

Threshold choice plots @dglotsFig. 3) represent the points defined by

{ws ):uex, Jand{ux)uex,}
where %S the maximum value of the observations.

According to Extrem&/alue Theory (EVT) the excesses over a threshold can follow
a GPD, but they must also be represented by a Poisson process. If X is distributed as a
Poisson distribution with parametr, t h e n
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k
F>r[x=|<]=e-’/k—I ki N

The Dispersion Index defined as: DI =—

Dispersion Index Plot

20

Figure 4. The threshold selection based the
DI plot function. From this figure, a threshold
around 50 should be reasonable.

18
I

14

Dispersion Index

Where & is the intensity of the Poisson

pr oc e s sneaa nuthbemof events in a

block (commonly a year). The DI plot

2 presents the Dispersion Index against
0 » w @ M different threshold.

Threshold

12
I

1.0
I

4. RESULTS

Bearing in mind that rainfall data are sparse at the tail of thetritlition, a
limitation was applied on the selection of the threshold. The selected threshold could
not be higher than the corresponding value of 99.5% of the rainy days for each station.

Dispersion Index Plot

Mean Residual Life Plot

Mean Excess
5 10 15 20 25 30

I I I
Dispersion Index

0
L

0 10 20 30 40 50

Threshold

I
4
Il

100 200

Shape

+
WMMHW owww‘%++++%”\

Modified Scale
0
| |

-200 -100

T T T T T T T T T T T T T T T T
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80

Threshold C) Threshold d)

Figure 5. The mrl plot (a), the DI plot (b) anthe teplots (c and d) for the Prague station.
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The mean residual life plot of Prague (Fig. 5a) suggests a threshold of u=27. The
thresholdchoice plots (tgplots) supporfor this choice, since they suggest a threshold
of u=25. Moreover, the DI plot ggests that the threshold could be equal to 22. Thus, a
mean threshold equal to 25mm can be considered for Prague. Having chosen this
threshold (u=25) for the rainfall data of the station in the time period-2060, 16436
observations and 126 excessesaxfeunded.

The application of the three POT methods led to determine an appropriate threshold
for 35 out of 38 stations. The station thresholds are classified into four classes, the
values of the first class range between 1 and 15mm (circles symbothef@econd
class between 15 and 30mm (squares), the third between 30 and 45mm (triangles) and
the last forth class range from 45 to 60mm (stars) (Figure 6). More specifically, two
stations (Marseilles and Bologna) located in the main cyclogenesis redidhg o
Mediterranean (Maheras et al., 2001; Maheras et al., 2002), present a threshold higher
than 45mm. Stations in the Alps region present thresholds of extreme rainfall varying
from 30 to 45mm. All stations in the eastern Mediterranean, as well as sked co
stations of the Iberian Peninsula, exhibit threshold at the same class (Figure 6).
Moreover, all stations in the northern and eastern regions of Europe, in the middle of the
Mediterranean Sea, present thresholds lower than 30mm.

60.00; — S —
' Se SN |
55.001 _ -
50.001 n
. A
A | '
45.00+ * K
40.001 , =
. . S,
M . N ..'-;?“.'"-ﬂ
35.001 T Ak tany
@ 1t 1501 @L &
[l 1501 to 30.01
30.00{ A 3001 to 4501
s % 45.01 to 60.01
25.00 I : I

T T T T T T — T
-15.00 -10.00 -5.00 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

Figure 6. The clasification of the extreme precipitation threslsaéithe 38 statios.

The map shown in Figure 7 provides the number of rainy days with rainfall amount
above the selected threshold for each station. In the majority of the stdtiens,
numbers of case®dind are more than twice as largettas hypothetical 45 cases of a
block maxima approach. Two stations reveal excesses of approximately 200 cases
(Figure 7), Ljubljana presents 202 excesses above the selected threshold of 40mm and
Rome 198 excesses abod®mm. On the contrary, two stations in the eastern
Mediterranean (Athens and Larnaka) present cases less than 40 rainy days, which could
be explained by their small number of rainy days (3023 and 2417, respediagéi ).
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45.001 a Ve a®
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Figure 7. The number of exa@sses (rainy days) above the selected threshold for each station.

5. CONCLUSIONS

In this study the daily extremeprecipitationat 38 stationsaround Europe were
analysed. Th&eaksover Threshold (POT) methods were introduced to define optimal
extremeprecipitation thresholds for Europe.

The results revealed that stations located over théatifude present thresholds of
extreme precipitation equal to -BBmm (the mode threshold is 25mm), with an
exception of the stations located in the Alps regiohesE stations show extreme
precipitation thresholds ranging from 30 to 45mm. The results corresponding to
Mediterranean stationsnderline the significance of the climate variability. For these
stations,the selection of extreme precipitation thresholdsdamplex and varies from
region to region. For instance, stations located in cyclogenesis regions of the
Mediterranean showed thresholds at 50mm, while in the eastern regions of the
Mediterranean the threshold is up to488mm. The results areagially consistent with
the findings forextreme precipitation thresholds using non parametric methods. Rodrigo
(2009) estimates the extreme precipitation for the Iberian Peninsula at southern stations
the threshold is around 40mm and at central stations around .1bhase results are
similar to those of our study for Spain. On the contrary, Cyzely (2009) defined an
extreme precipitation threshold higher than 30mm for the Czech Republic, while in our
study the threshold for this region is around 25mm.

As a future work, the authors plan to extend their analysis on estimating the return
periods using parametric statistic methods, as well as analysing other characteristics of
the extremes (frequency and trends).
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] STUDY ON THE DIURNAL VARIATION OF PRECIPI TATION
IN THE AREA OF | OANNINA

C.D. SALMA AND A. BARTZOKAS
Laboratory of Meteorology, Department of Physics, University of loannina, Greece

ABSTRACT

The diurnal variation of precipitation in the area of loannina, Greece, is studied, by using hourly
values for lhe 35year period 19742004. The mean diurnal variation of precipitation height, for the whole
year, appears double with a primary maximum during afternoon (I6:@D) and a secondary one
during the morning hours (5:6800). The minima appear at 0:Q@0 and 8:00:00. This diurnal march
appears as single during summer, with an intense afternoon maximum, while during winter, it presents
several maxima and minima. The diurnal variation of the frequency of precipitation also appears as
double. During sumer, the afternoon maximum is stronger (171@300), during winter the morning
one (7:008:00) dominates while in the two transitional seasons, spring and autumn, the two maxima are
comparable. The study on the onset and cessation of precipitation shbvwstth7:00 and from 12:00 to
17:00 the cases of precipitation onset are more than the ones of precipitation cessation. On the contrary,
after 17:00 cases of precipitation cessation prevail. Finally, precipitation intensity in summer and spring
presentsa strong maximum in the afternoon, while in winter and autumn a relatively broad maximum
during daytime hours is seen.
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SCENARIOS OF EXTREME TEMPERATURE CHANGES AT THE EASTERN
MEDITERRANEAN THROUG H THE END OF THE 21°" CENTURY

E.Rous|, K. TOLIKA, C. ANAGNOSTOPOULOY P.MAHERAS

Department of Meteorology and Climatology, School of Geology, Aristotletditiv of
Thessaloniki

ABSTRACT

The aim of this paperyhich is part of the ENSEMBLES EU project, is to study tienges in the
temperature regime at the eastern Mediterranean through the end of temty.

Daily minimum and maximum temperature aaterived from one of the most updated Regional
Climate Models, the RACMO?2 developed by tReyal NetherlandsMeteorologicallnstitute (KNMI)
with the GCMECHA M5 pasenéa mp del , have been used. For the f
SRES A1B scenariis used. The spatial resolution of the model is 25x25km and the data cover the whole
European area. Of the 14136 grid points of the domain, the ones that correspond to the eastern
Mediterranean have been chosen and their maximum and minimum temperdiutan@aseries were
analyzed.

The main results of the study show that both parameters will increase in the future, especially during
the last 30 years of the 2tentury. The temperature increase was found to be higher in summer than in
the other seass.
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EVALUATION OF THE TRMM GRIDDED PRECIPITATIO N ESTIMATES
OVER GREECE

P.T.NASTOS, J.KAPSOMENAKIS® AND K. M. PHILANDRAS?

! aboratory of Climatology and Atmospheric Environment, Faculty of Geology and
Geoenviroment, National and Kapodistrian University of Athens
’Research Center of Atmospheric Physics alima&ology, Academy of Athens
(3) National Observatory of Athens

ABSTRACT

The goal of this study is the assessment of the reliability of TIRMM (Tropical Rainfall
Measuring Mission) 3B13 gridded precipitation estimates over Greece. The evaluatiommads using
gridded precipitation data based on data from meteorological stations for the wider region of Greece.
TRMM gridded estimates are on a calendar month temporal resolutidh arn@l 5 A Ispatialxesdiution
concerning the 1:year period 1992008. In order to compare directly the TRMM with the observational
data, the data from the meteorological stations (~70 stations) were upscaled to exactly the same resolution
as the TRMM data, using Kriging spatial interpolation method, taking into accherteight of the
meteorological stations. The annual and seasonal spatial distribution of the differences between the two
datasets along with the spatial distribution of the correlation coefficients are presented and .analyzed
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