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Abstract. In this study, the spatial and temporal variabil- The frequency of heavy precipitation events has increased
ity of the mean annual rain intensity in Greece are examinedver most land areas, consistent with warming and observed
during a 41-year period (1962—2002). The meteorologicalincreases of atmospheric water vapour. Besides, it is very
datasets concern monthly rain amounts (mm) and the respedikely that future trends in the frequency of heavy precipita-
tive monthly durations (h) recorded at thirty two meteorolog- tion events (or proportion of total rainfall from heavy falls)
ical stations of the Hellenic National Meteorological Service, will happen over most areas, based on projections for the 21
which are uniformly distributed on Greek territory, in order century using SRES scenarios (IPCC, 2007).
to calculate the mean monthly rain intensity. Allthe raintime  The daily precipitation time series indicate significant pos-
series used in the analysis were tested by the application dfive trends for the United States (Karl et al., 1995; Karl
the short-cut Bartlett test of homogeneity. The spatial distri-and Knight, 1998), Japan (lwashima and Yamamoto, 1993)
bution of the mean annual rain intensity is studied using theand tropical Australia (Suppiah and Hennessey, 1998), while
Kriging interpolation method, while the temporal variability, statistically insignificant trends are observed in other areas
concerning the mean annual rain intensity trends along with(Yu and Neil, 1991; Karl et al., 1995). Concerning Greece,
their significance (Mann-Kendall test), is analysed. relative research with respect to precipitation variability and
The findings of the analysis show that statistically signifi- distribution of precipitation frequency (Katsoulis and Kam-
cant negative trends (95% confidence level) appear mainly ibezidis, 1989; Nastos 1993; Metaxas et al., 1999; Nastos et
the west sub-regions of Greece, while statistically significantal., 2002; Maheras and Anagnostopoulou, 2003; Paliatsos et
positive trends (95% confidence level) appear in the wideral., 2005; Feidas et al., 2007; Nastos and Zerefos, 2009),
area of Athens and the complex of Cyclades Islands. Furextreme events and rain intensity (Kostopoulou and Jones,
ther analysis concerning the seasonal rain intensity is neede@005; Nastos and Zerefos, 2007, 2008; Nastos, 2008) has
because there are different seasonal patterns, taking into abeen carried out.
count that, convective rain in Greece occurs mainly within  The study of rain intensity trends is a good tool for policy
the summer season. makers, in order to estimate, among other factors, the erosion
and the desertification that appear as a consequence of the
climatic change in the eastern Mediterranean Sea.
1 Introduction The objective of this study is to examine the spatial and
temporal distribution of the mean annual rain intensity in
Rain variability in space and time is one of the most relevantGreece giving evidence of the incidence of extreme rain
characteristics of Mediterranean climate that is associate@vents in specific regions of Greece.
with economic, social and ecological implications. Extreme
rain events have significant environmental consequences that
cause considerable damages in urban as well as in rural area. Data and analysis

Rain variability in space and time is one of the most relevant
Correspondence td®. T. Nastos characteristics of the Mediterranean climate that is associated
BY (nastos@geol.uoa.gr) with economic, social and ecological implications. Extreme
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Fig. 2. Spatial distribution of the mean annual Rl (mm/h), in

Greece, during the period 1962—-2002.
Fig. 1. Meteorological stations from the HNMS network used in

the analysis. An even geographical distribution of the stations in
the Greek territory is espied. tion having as a result the mean monthly rain intensity, and
thereafter the mean annual and seasonal values. This is a

i o i limitation of the study, with respect to extreme events, which
rain events have significant environmental consequences th%tannot be well expressed

cause considerable damage in urban as well as in rural areas.tha high mean annual RI pattern is mainly attributed to

In this study, the spatial and temporal variability of the e symmer thermal convective thunderstorms.Q mm/h)
mean annual rain intensity in Greece is examined, during th%ppearing along the long mountainous range of Pindos at the

period 1962-2002. The available meteorological data useqyest of Greece and at the central mountainous Peloponnese

in this study concern monthly rain amounts (mm) and the re-5, 4 secondly to the mean winter RI pattera3(0 mm/h).

spective monthly durations (h), in order to calculate the meanrye winter precipitation is also of high intensity especially
monthly rain intensity. The monthly data were acquired from, \est and north-west Greece, with the appearance of thun-
thirty two meteorological stations belonging to the Hellenic yorsiorms. These precipitations are mainly attributed to the

National Meteorological Service (HNMS); all these time se- ¢ fronts or the unstable air masses within the warm section
ries were tested for homogeneity by applying the short-cuty ihe depressions (Nastos et al., 2002).
Bartlett test. The geographical distribution of the meteoro- '

logical stations is depicted in Fig. 1.
The spatial distribution of the mean annual rain intensity4 Temporal variability of the mean annual rain inten-
(RI) is studied using the Kriging interpolation method. Be- sity
sides, the temporal variability concerning the mean annual
RI trends along with their significance is analysed throughOur findings show that, statistically significant (95% con-

the Mann-Kendall test (Mitchell et al,, 1966). fidence level) positive trends of RI appear in the wider
area of Athens (+0.43mm/h per decade), Crete Island

(Rethymno: 0.34mm/h per decade), Cyclades complex
3 Spatial variability of the mean annual rain intensity (Naxos: +0.22mm/h per decade) and north-eastern sub-

regions (Alexandroupolis: +0.19 mm/h per decade) (Fig. 3).
According to the performed analysis, high RI patterns ap- A physical explanation of the positive RI trends in the
pear at the western sub-regions 4.0 mm/h) followed by  wider area of Athens is the urban heat island (UHI), which
the south-eastern sub-regions2(6 mm/h) of Greece, while is responsible for heavy storms of convective nature (Nastos
low RI (~1.1 mm/h) dominate at the majority of the Aegean and Zerefos, 2007). More specifically, on seasonal basis, the
Sea along with the coastal areas of the western Aegean Setgin intensity is higher in summer and fall than in spring and
The coastal areas and the islands of the north-eastern Aegeayinter, indicative of the relatively higher thunderstorm activ-
Sea depict relatively higher RML.7 mm/h) (Fig. 2). In this ity during summer and fall. At this point, it must be signi-
point, it should be remarked that, the rain intensity valuesfied that, during the recent period (1990-2004) the maximum
represent the mean pattern and they are far away from the irr@in intensity values exceeding 30 mm/h appear only within
tensities of isolated convective rain events, which can reactihe dry period of the year (Apri-September) (Philandras et
dozens of mm/h. As it has been mentioned previously, theal., 2010).
monthly rain total is divided by the respective monthly dura-
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Fig. 3. Spatial distribution of the mean annual RI (mm/h) trends
over Greece, during the period 1962—2002. The red and blue pro-
portional circles indicate positive and negative trends, respectively;
the yellow rings show statistical significance of the trends at the
95% confidence level.
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Statistically significant (95% confidence level) negative
trends dominate all over the rest of the country and especially
the western continental (loannina:0.38 mm/h per decade)
and coastal sub-regions and islands (Argostell.84 mm/h
per decade). These negative trends are more pronounced dur-
ing summer than winter. Figure 4 depicts the annual Rl time £
series for selected stations, representing the sub-regions of
Greece, along with 9-year points moving average and Iinear%
trends, during the period 1962-2002.

These findings are in agreement with the findings of Nas-
tos (2008), who studied the spatial and temporal pattern of
the Simple Daily Intensity Index (SDII, mm/day) in Greece.

c
c
<
c
©
o]
=

N W A O N ®

Alexandroupolis

loannina

Argostoli

Naxos

o r v w s oo
Mean Annual RI (mm/h)

[ N G - S
Mean Annual RI (mm/h)

W

Athens (National Observatory of Athens)

Rethymno

o r N ® s O o
Mean Annual RI (mm/h)

1960

1970 1980
Year

1990 2000

67

It is worthy to mention that, the annual precipitation follows Fig. 4. Time series of the mean annual RI (mm/h), along with 9-year
a higher significant (95% C.L.) negative trend than the num-points moving average (blue line) and trend (red line), for selected
ber of rain days, approximately all over Greece. This re-stations in Greece, during the period 1962-2002.

sults in negative trends in SDII, which are higher in western
and northern mountainous regions. Besides, Brunetti et al.

(2000) provided evidence that in northern Italy, the numberabout 9.5mm (or 2%) per decade for the eastern Aegean
of rainy days has a stronger and more significant negativesince 1950. . o . _
trend than the corresponding precipitation amount, both on The negative trends in the rain intensity are associated

a yearly basis and in all of the seasons; as a consequenc¥ith the negative trends in precipitation especially at west-

Additionally, in several regions such as South Africa,

an increase only in heavy precipitation is observed while to-

preciable amount of precipitation are not changing and/or

could be attributed to the influence of the North Atlantic Os-

Siberia, the Eastern Mediterranean Sea, central Mexico, an@i!lation (NAO) on precipitation data. The inter-annual vari-
northern Japan, rainy days are becoming less frequent an"ab'“ty of precipitation is significantly correlated both inter-
annually and in the long term with the variability of NAO

tal precipitation and/or the frequency of days with an ap-(Correlation of—0.38, confidence levet99%, 116 Nobs).
The respective correlation for eastern Greece is estimated to

are decreasing (Easterling et al., 2000; Alpert et al., 20022P0ut—0.21 (confidence level 95%, 118 Nobs) and for the

Fauchereau et al., 2003: Groisman et al., 2005). Beside<£2Stern Aegean Sea to abew.19 (confidence level 90%,
94 Nobs) (Zerefos et al., 2010).

Zerefos et al. (2010), found negative trends in precipitation
during the rainy season (October to April) in Greece. These

negative trends are estimated to be about 20 mm (or 2.3%)
per decade for western Greece since 1900, to about 3.3 mm
(or 0.7%) per decade for eastern Greece since 1900, and to
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5 Conclusions Groisman, P. Ya., Knight, R. W., Easterling, D. R., Karl, T. R,,
and Hegerl, G. C.: Trends in intense precipitation in the climate
The main conclusions of the performed analysis could be record, J. Climate, 18(9), 1326-1350, 2005.
summarized in the following: IPCC: The Physical Science Basis. Contribution of Working Group
1 to the Fourth IPCC Assessment Report, Chapter 11 Regional
— The mean annual rain intensity pattern (period 1962- Climate Projections, 2007.
2002) showed that high values are depicted at the westiwashima, T. and Yamamoto, R.: A statistical analysis of the ex-
ern sub-regions followed by those in the south-eastern treme events: long-term trend of heavy daily precipitation, J.
sub-regions of Greece, while low values appeared in the Meteorol. Soc. Japan, 71, 637-640, 1993.

majority of the Aegean Sea along with the coastal area arl, T. R. and Knight, R' W':. S.’eCUIar tr.ends of precipitation
amount frequency and intensity in the United States, Bull. Amer.
of the western Aegean Sea.

Meteorol. Soc., 79, 231-241, 1998.
arl, T. R., Knight, R. W., and Plummer, N.: Trends in high-
frequency climate variability in the twentieth century, Nature,
377,217-220, 1995.

— The trend analysis revealed that statistically significantK
(95% confidence level) positive trends of the mean an-

nual rgln Inten_SIty appear in the wider area of Athens Katsoulis, B. D. and Kambezidis, H. D.: Analysis of the long-term

(very likely attributed to an enhanced UHI effect), the  ,ecipitation series at Athens, Greece, Clim. Change, 14, 263—

northern coastal areas of Crete Island, the Cyclades »9g 19809.

complex and the north-eastern sub-regions of Greecekostopoulou, E. and Jones, P. D.: Assessment of climate extremes

On the other hand, statistically significant (95% con- in the Eastern Mediterranean, Meteorol. Atmos. Phys., 89, 69—

fidence level) negative trends appear in the rest of 85, 2005.

the country and especially the western continental andVaheras, P. and Anagnostopoulou, C.: Circulation types and

coastal sub-regions and islands. their influence on the international variability and precipitation

changes in Greece, in: Mediterranean climate, Variability and

A limitation of this work is that, studying the rain intensity ~ trends, edited by: Bolle, H. J., Spinger, Berlin, Germany, 215-
on an annual basis, the different seasonal patterns are not 239, 2003. ] ]
revealed, taking into account that convective rain in Greecd€f@xas. D. A., Philandras, C. M., Nastos, P. T., and Repapis, C.

. . . C.: Variabiility of precipitation pattern in Greece during the year,
happens mainly within the summer season. Further analysis, Fresen. Environ. Bull., 8, 16, 1999.

which is in progress by the authors, is needed in order tol\/litcheII,J.M. Dzerdzeevsk B., Flohn, H., Hofmeyr, W. L., Lamb,
interpret better the temporal variability of the rain intensity | 1 Rao K. N.. and Wadin. C. C.: Climatic Change, WMO

in Greece. Technical Note 79, WMO No. 195, TP-100, World Meteorolog-
ical Organization, Geneva, p. 79, 1966.
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