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Abstract

It is known that the Greek area the majority of landslides have been triggered by heavy precipita-
tion. This paper examines the statistical properties of precipitation directly related to the landslides
in the Greek area. A database was constructed for the period 1980-1988, where for each landslide
the daily maximum, the monthly and the annual precipitation totals were recorded. All these data
were introduced in a GIS environment. Finally, a statistical analysis was carried out to study the re-
lation between precipitation and landslide movement.
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1. Introduction

The landslide movements are relatively intense in the Greek area and are directly related to the re-
lief, lithology and vegetation. The principal mechanisms for triggering a landslide are the heavy
precipitation events, earthquakes and human intervention. The precipitation variability and the dis-
tribution of precipitation frequency in the Mediterranean and Greece have been studied by many
researchers (Repapis 1986, Nastos 1993, Metaxas et al. 1999, Maheras and Anagnostopoulou 2003,
Nastos and Zerefos 2007, 2008). In Greece, 92% of the precipitation during the wet season (Octo-
ber-March) is produced by cyclonic circulation types (Maheras and Anagnostopoulou 2003), while
during the summer the intense precipitation and hail events are associated with the geostrophic vor-
ticity advection (Spanos 2004). The winter is characterized by cyclonic variability and low mean
pressure in the Mediterranean. The highest values of pressure appear in the east area and are asso-
ciated with the Siberian anticyclone. In March and April, as the main characteristics of the upper air
flow (e.g. Jet stream) start moving to the north from their southern winter positions. The rainy sea-
son continues until May, when a dry summer regime is established. The precipitation over Greece,
is rarely affected by Atlantic cyclones, but is linked to cyclogenesis in the Mediterranean region
(Luterbacher et al. 2006). According to the results of climate models projection (A1B scenario) pre-
cipitation will shift to the north and during 2080-2099 the precipitation will decrease over 20% with
respect to the period 1980-1999 (IPCC 2007) at the southeast areas of the Mediterranean. Besides,
the frequency of intense cyclones in the Mediterranean will significantly decrease, but the future cy-
clones will be more intense (Anagnostopoulou et al. 2006). In a more recent study, Nastos & Zere-
fos (2008) showed that extreme precipitation events appear during winter months in the western
and eastern sub regions of Greece, and mainly during autumn in the rest of the country. Moreover,
the fitted Gamma distributions to the daily precipitation totals with respect to the 45-year period
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Fig. 1: Spatial distribution of the landslides in relation to the nearest sites with precipitation observations.

(1957-2001) revealed that high values of variance and scale parameter of the fitted Gamma distri-
butions appear in the western, eastern and southeastern Greece, especially during the period 1991-
2000, pointing out the appearance of the extreme daily precipitation.

There are several works in the international literature related to the spatial distribution and charac-
teristics of landslides in the Greek area (Koukis 1982, Koukis & Ziourkas 1991, Lekkas 2001, Gour-
nelos et al. 2006). Nevertheless, studies which focus on the relationship of landslide movements
and precipitation are limited and only of local character (Anagnostopoulos & Georgiadis 1997,
Koukis et al. 1997, Nikolaou et al. 1997). In the present study, an effort is made to examine the re-
lationship between landslide movements and precipitation in the wider Greek area.

2. Data and Analysis

The study of the correlation of precipitation and landslides requires the collection of many variables
in spatial and temporal distribution. For this reason, firstly, a database of landslide phenomena was
constructed (Gournelos et al. 2006) for the period 1970-1988 and in the process all the factors caus-
ing these phenomena were analyzed.

It is absolutely certain that the majority of landslides happen due to precipitation events. In order to
examine the relationship between precipitation and landslides, a second database concerning daily
maximum, monthly and annual precipitation totals was constructed. The precipitation data were de-
rived from the Hellenic National Meteorological Service (HNMS) and concern meteorological sta-
tions, which are representative to the areas, where sustained landslides occurred. The spatial
distribution of the sites (HNMS meteorological stations) with precipitation data in close distance to
the area of recorded landslides is depicted in Figure 1. The proportional circles appeared in Figure
1 show only the number of landslides in the neighboring area of the meteorological stations.

Finally, after entering the data into a G.I.S. environment, and the development of various thematic
maps, statistical analysis of the rainfall data was carried out.
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3. Results and discussion

The correlation of the precipitation and landslide events was initiated mainly by Gaine (1980) and
continued later by other researchers (Keffer et al. 1987, Grozier 1999, Wilson and Wieczorek 1995,
Guzzetti et al. 2004, Aleotti 2004, Glade et al. 2005. The aforementioned authors studied either em-
pirical relationships between precipitation and landslides by constructing intensity duration curves,
or physical processing models.

The statistics of the annual, monthly and maximum daily precipitation totals associated with the
recorded landslides in the wider area of Greece are presented in Table 1. It is crystal clear that in most
of the cases, extreme precipitation events are associated with landslides development.

In order to examine the precipitation impact on the development of landslides, the monthly precip-
itation recorded in the specific months when landslides happened in the wider Greek area are de-
picted in Figure 2. It is remarkable that, in some cases the monthly precipitation totals exceed
250mm, which corresponds over 30% of the annual precipitation in several areas. Figure 3 presents
the monthly precipitation totals as a percentage (%) of the respective annual precipitation totals with
respect to landslides dates, for different sites of Greece. Another significant parameter which is
closely related to the onset of landslides is the maximum daily precipitation totals. The recorded
daily maximum precipitation totals (mm) with respect to landslides dates, for different sites of
Greece, appear in Figure 4.

Extreme daily precipitation events, that in many cases exceed 30mm, which is a threshold of heavy
precipitation events (Nastos and Zerefos 2008), seem to be typical for the development of landslides
in areas that are also vulnerable to other physical factors. In this point it is worthy to point out that,

Table 1. Statistics of the precipitation totals triggering landslide movements

Annual Monthly Maximum daily
Precipitation (mm) Precipitation (mm) precipitation (mm)
Number of sites 184 184 184
Mean 775.2 111.1 335
Standard deviation 261.5 81.3 234
Maximum 1509.9 390.3 1355
Skew 2.7 45 72
Kurtosis -0.1 09 75
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Fig. 2: Monthly precipitation totals (mm) with respect to landslides dates, for different sites of Greece.
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Fig. 3: Monthly precipitation totals as a percentage (%) of the respective annual precipitation totals with respect
to landslides dates, for different sites of Greece.
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Fig. 5: Histograms of daily maximum (a), monthly (b) and annual (c) precipitation totals.
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the database used concerns landslides that occurred throughout the country, for the specific time pe-
riod 1980-1988.

In the process, histogram analysis was carried out in order to find out the prevailed classes of daily
maximum, monthly and annual precipitation totals corresponding to landslide movements. Besides,
appropriate distributions, such as Gamma distribution for daily maximum and monthly precipitation
totals and Normal distribution for the annual precipitation totals, were fitted to the histograms. Re-
garding daily maximum precipitation, the class 20-40mm seems to be the prevailed one, while the
class 0-50mm and the class 600-800mm correspond to the more frequent monthly and annual pre-
cipitation totals, respectively, for landslides phenomena.

4, Conclusions

The performed analysis, in order to show the relationship between landslide events and precipitation
totals, for the whole Greek territory, during the period 1980-1988, revealed the following conclusions:
The majority of the landslides were due to intense and short-term precipitation events. The mean daily
maximum precipitation related to the outbreaks of landslides phenomena was found 33.5+23 4mm, the
mean monthly precipitation 111.1+81.3mm, while the mean annual precipitation 775.2+261.5mm. The
temporal distribution of landslides revealed that, their frequency, as expected, was greater within the
period December—February, followed by spring and even less by summer months.
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