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Abstract. In this paper, we examine variations in cli- 1 Introduction
mate characteristics near the area of Cortina d’Ampezzo

(DoIomites,. Ea?‘e"? Itglian Alps), W,ith particular reference |, e 155t decade, several authors have suggested that climate
to the poss_lble |mpI|cat|ons_ for debrls-flovx_/ occurrence. TheChanges are leading to a rapid increase in the frequency and
study area is prone to debris-flow release in response to SUMtensity of extreme rainfall events (e.g., Gong and Wang,
mer high-intensity short-duration rainfalls and, therefore, it 2000; Easterling et al., 2000; Monirul Qader Mirza, 2002:

is of the utmost importance to investigate the potential in-ro | hareau et al., 2003; Fowler and Kilsby, 2003; Fowler et
crease in debris-flow triggering rainfall events. The critical al., 2005; Sillmann and Roeckner, 2008). As a consequence

rainfall t'hreshold is agreed to be'a grucial triggering fagtorthe frequency of rainfall-related phenomena, such as floods,
for debris-flows. Data from a monitoring system, placed in &, ggjides and debris flows, is changing all over the world

catchment near Cortina (Acquabona), show that debris'ﬂows(Eybergen and Imeson, 1989: Haeberli et al., 1990: Ricken-
were triggered by rainfalls with peak rainfall intensities rang- mann and Zimmermann, 1993; Evans and Clague, 1994 Bli-

ing from 4.9 to 17.4 mm/10 min. jenberg, 1998; Van Steijn, 1996, 1999a@er et al., 2003;
The analyses of meteorological data, collected from 1921y i et al., 2007, 2009; Pelfini and Santilli, 2008), with

t0 1994 at several stations in the study area, show a n€gay,iensially huge economic and social implications. How-
tive trend of annual rainfall, a considerable variation in the ever, the influence of global climate change on the increase
monthly rainfall d|str|put|on, and an Increase in the tem- ;) intense rainfall events in the Mediterranean area s still not
perature raqge,_poss@ly related to gIob_aI cllmate Changescompletely understood (Bodini and Cossu, 2010). In fact, re-
Moreover, high-intensity and short-duration rainfall events, g ¢ trom previous studies show contrasting trends of heavy
_derlved fr_om data_collectgd from 1990 and 2008, Show aNrainfall events in the past century between western and east-
increase in exceptional rainfall events. The results obtaine rm Europe (Alpert et al., 2002) and insular and peninsular
in a peak-over-threshold framework, applied to the rainfall ltaly (Brunetti et al., 2001).

data measured at the Faloria rain gauge station from 1990 to ) ] )

2008, clearly show that the interarrival time of over-threshold ~ D€Pris flows are highly hazardous hydrological processes
events computed for different threshold values decreased if°Mmon in the Alpine environment, and the progressive in-
the last decade. This suggests that local climatic change§r€ase in the socio-economic activity in these areas has led
might produce an increase in the frequency of rainfall events!© @n increase in the associated potential risk. In the Upper

potentially triggering debris flows in the study area. Boite Valley (Dolomites, Eastern Italian Alps, Fig. 1), the
significant increase in debris flow frequency in recent years

(Armento, 2007) and the strong effect of rainfall on the gen-
eration of debris flows has prompted a re-definition of rainfall
thresholds. Rainfall-triggering thresholds are very impor-
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Fig. 1. Location of the study area, with the positions of rainfall gauges considered in the study and of the Acquabona monitoring system.

systems (Keefer et al., 1987; Tecca et al., 2003; Chen efor debris-flow occurrence are very sensitive to variations in
al.,, 2006). As observed by Shieh et al. (2009), a num-the rainfall regime, which may be associated with climatic
ber of researchers have analysed precipitation data to detechanges.

mine rainfall thresholds for debris flow triggering. To es-  This paper aims at examining variations in climate cha-
tablish such rainfall thresholds, both rainfall intensity and racteristics in the Study area, with reference to the possib|e
duration have been considered as possible indicators (e.gimplications for debris-flow occurrence on a local scale. In
Caine, 1980; Wieczorek, 1987; Keefer et al., 1987; Wil- the study area, rainfall intensity and debris-flow discharge are
son and Wieczorek, 1995; Chen et al., 2005; Galgaro et al.monitored in the experimental basin of Acquabona (Cortina
2005). Takahashi (1981a) and Shieh et al. (1995) considg’Ampezzo, Italy), as described in detail by Galgaro et
ered rainfall intensity and cumulative precipitation as possi-a|. (2005). In the Cortina area, Genevois et al. (2003) mapped
ble indicators to define critical rainfall thresholds for warning 325 debris-flow prone watersheds. Because of the homo-
systems in Japan and Taiwan, respectively. Shieh (2002) agyeneity in the geological and geomorphological settings, the
plled cluster analysis to establish the rainfall threshold for a”mechanisms of initiation and propagation of the debris flows
hazardous streams in Taiwan, which yielded a better disastegan be considered to be quite similar. Nevertheless, the rain-
warning and prevention system. Not surprisingly, the pub-fa|l triggering events do not homogeneously affect the entire
lished thresholds are distinctly different, as they are based o@rea because of the topographic and morphometric settings,
different datasets from areas with varying geological and cli-such as slope aspect and the position in relation to the storm
matic settings and, therefore, triggering thresholds should beell paths. For this reason, the available historical data col-
developed for each region separately (Terlien, 1998). Debrigected at all of the rain gauges within the area were consid-
flows can be initiated from different processes, like slidesered. The objective of this study is to investigate the relation-
or surface-water runoff (Coe et al., 2008a). In the studyship between the variation in the frequency of rainfall events
area, channelised debris flows characterised by bed matghat may trigger debris flows and the changes in regional cli-
rial mobilisation mainly occur, for which three essential fac- matic and mete0r0|ogica| conditions. Such an ana|ysis aims
tors are required: i) available sediment material, ii) steepat determining whether the conditions favourable for trigger-

stream slopes, and iii) surface-water runoff, mainly deriving ing of debris flows are currently increasing or decreasing in
from rainfall (Takahashi, 1981b). The water inflows required the study area.
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The paper is organised_as follows:  Sect. 2 briefly dfe'TabIe 1. Morphometric characteristics of the debris flow near
scribes the geomorphological features of the Upper Boitecoring d'Ampezzo. (Data from “World Wide Web Debris-Flow

Valley (Dolomites, Eastern Italian Alps). Section 3 reports Geodatabasehttp:/www.geoscienze.unipd.ithwww-dig/
the typical climatic conditions of the study area and their

changes in time, with reference to the annual maximum and  ean catchment area 0.061%m
minimum temperatures and to the total annual and monthly  mean maximum elevation of the catchments 2387 ma.s.l.
rainfall, obtained using data from a network of meteoro-  mean minimum elevation of the catchments 2016 ma.s.l.

logical stations. Section 4 discusses the triggering rain- mean catchment slope 47
fall thresholds for debris-flow occurrence, which have been mean channel length 0.46 km
identified from empirical relationships between rainfall data ~ mean channel slope 28

and debris-flow events collected by the Acquabona moni-

toring system. In Sect. 5, we carry out some analyses on

the exceedance of the considered triggering rainfall thresh-

old during the period 1990-2008, and apply a peak-over-Discharges of debris often affect the buildings related to
threshold framework to the available rainfall dataset. Finally,farming, small factories and tourism, and dam the Boite
Sect. 6 contains some discussion and our conclusions. River.

3 Climate
2 The study area

The climatic conditions of the Cortina d’Ampezzo area are

The study area is located in the N-S-trending Upper Boitetypical of an Alpine environment. The annual precipita-
River Valley (Eastern Dolomites, Italy) (Fig. 1). The relief at tion within the study area, occurring also as snowfall from
the highest elevations (from 2500 to 3200 ma.s.l.) is characNovember to May, is about 1150 mm distributed over about
terised by steep rock cliffs of Upper Triassic to Lower Juras-110 days per year. Thunderstorms are common during the
sic dolomite and limestone, whereas Lower-Middle Triassicsummer, with peak rainfall intensities ranging from 1.36 to
pelite form the gentler lower slopes (Panizza et al., 1996;3.66 mm/min. This kind of event, generated by small storm
APAT, 2007). A thick talus covers the slopes from the basecells, normally impacts a very limited area and presents high
of the rock cliffs (35—40) to the valley bottom (5-1%; this  rainfall gradients in the horizontal direction as well as with
consists of poorly sorted debris containing boulders up toelevation.
3-4m in diameter and includes heterogeneous scree, allu- To investigate, in detail, the main climatic features of the
vium and old debris flow deposits. Cortina d’Ampezzo area, we considered the historical daily

Debris flows occur as hillside flows or in channels, drain- rainfall and annual temperature data, collected at four me-
ing very steep rocky small catchments with no vegetationteorological stations of the regional hydrological service,
and almost no soil cover; channels are generally deeply innamely Podestagno, Cortina, Passo Falzarego and San Vito,
cised in the thick talus slopes. The watersheds respondbcated in the study area (Fig. 1). The available rainfall data
dramatically to high-intensity, short-duration, localised sum-cover 1920 to 2008, while the temperature data have been
mer rainfalls, with intensities higher than 15 mm in 30 min, recorded since 1938.
rapidly generating high runoff discharge, generally above Figure 2 shows the annual mean maximum and mini-
1m?/s (Genevois et al., 2000). Debris flows generally startmum temperatures at the Cortina station between 1938 and
as a channel-bed failure caused by surface water flow (Takat994. An increase in the annual mean maximum temperature
hashi, 1978, 1991, 2000; Griffiths et al., 1997; Coe et al.,of 3°C was observed, whereas the annual mean minimum
2003; Cannon et al., 2003). This condition is quite commontemperature decreased slightly (by abo8€C). Around the
in the European Alps (Tognacca and Bezzola, 1997; Berti esame period, changes in the amount of total annual rainfall
al., 1999; Tognacca et al., 2000; Tecca and Genevois, 2009and in the distribution of monthly rainfall can also be ob-
Debris-flow occurrence in the study area is unaffected by theserved (Fig. 3). At Podestagno, Cortina and San Vito stations
long-term antecedent precipitation due to the high permeabil{Fig. 3a, b, and d), a negative trend in the total annual rainfall
ity of soils. is displayed. The trend observed at Passo Falzarego (Fig. 3c)

Genevois et al. (2003) mapped 325 debris flow-pronedoes not seem to be representative, due to a lack of data
watersheds with similar characteristics (Table 1) in thein the period 1920-1936. The distribution of monthly rain-
geomorphological hazard map of this area. The debris flowdall shows a remarkable variation in the period 1920-2008
occur with a yearly or shorter frequency, and their vol- at each of the four stations (Fig. 3e—h). Since about 1950,
ume estimates range from 6000 to 30000 mWe note  an increase in the mean monthly rainfall occurred during the
that most of the mapped basins are characterised by supplyautumn (October and November), while rainfall conditions
rich conditions, i.e., the basins are continuously fed within the summer (from June to August) remained constant. For
debris which can be involved in debris-flow phenomena.Podestagno, Cortina and San Vito stations (Fig. 3e, f, and h),
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Table 2. Main characteristics of debris flows and related rainfall data recorded at Acquabona from 1997 to 2001 (modified from Tecca and

Genevois, 2009). The minimum debris-flow triggering threshold is highlighted in bold.

Date Hour Total volume Rainfall Mean front Peak water  Total water inflow
velocity range  discharge at initiation area
(md) (mls) (nPls) (m?)
10-min intensity  Total  Duration
(mm) (mm) (min)
12 Jun 1997 1530 6000 10 23.8 55 3.1-9.0(a) 4.02 7140
25Jul 1998 2010 600-700 4.9(a) 8.1 35 0.47-0.83 1.97 2430
27 Jul 1998 2020 400-500 5.8 12.5 40 0.77-1.17 2.33 3750
17 Aug 1998 2015 8000-9000 14.7 22.35 55 1.82-7.69 5.91 8760
28Jul 1999 1530 6000-7000 17.4 46.2 105 6.99 14 220
30 Sep 2000 1810 10000 9.2 16.4 50 3.49 4935
30Jun 2001 2130 30000 8.6 16.6 55 2.0-7.2(a) 3.45 5000
20 Acquabona basin, due to its geomorphological, lithological
- and hydrological characteristics, can be considered as
- o representative of the whole study area. The rain gauge is
151 *fre installed in the debris-flow initiation area, and sampled
© 00 Oop -t rainfall at 0.20's (5 Hz).
® '?",_ !.-v-'ﬁ'.wm We considered rainfall data recorded from 1997 to 2001.
S 10l ° .’. ° During this period, seven debris-flow events occurred (Ta-
. ble 2). We selected the following variables for the analysis
2 of rainstorms and discharges in the Acquabona Basin: total
© rainfall, maximum rainfall intensity (over 10 min), and rain-
8 51 fall duration.
§ Debris flows were generally triggered by rainfalls of high
R N s . intensity and durations of less th hour. The total
.‘;‘4. L T} ® - oo !_0. intensity and durations of less than one hour. The tota
or O. ..“ N.o. amount and duration are considered from the beginning of

the rainfall until the onset of the debris flow. In Acquabona,
antecedent rainfall does not represent a significant factor for
. ; : : ; . , debris-flow occurrence because of the high permeability of
1935 1945 1955 1965 1975 1985 1995 the coarse debris. We, therefore, focused our analysis on sin-
Time [years] gle bursts, defined as continuous periods having rainfall in-
. ) ) . o tensities above 0.5 mm/5 min and containing at least one peak
Fig. 2. Mean annual maximum (solid red circles) and minimum gy caeding a second (and higher) intensity threshold that will
(solid blue circles) temperatures at the Cortina meteorological stay gigoyssed later. This definition is similar to the criterion
tion between 1938 and 1994. adopted by Gregoretti and Dalla Fontana (2008) in their hy-
drological investigation on the value of the peak discharge for

a decrease in monthly rainfall from February to May can behe_adwa}ter ba_s_ins; they considered continu.ous periods having
observed. The results of this analysis suggest that the studfpinfall intensities greater than 0.8 mm/5 min.
area may have experienced a climate change during the se- The initial debris surges in Acquabona are always asso-
cond half of the past century. ciated with critical peak rainfall intensities measured over
10 min (Berti et al., 1999, 2000, Tecca and Genevois, 2009),
as also observed in Japan (Suwa and Okuda, 1985) and in
4 Debris-flow discharge and triggering rainfall Colorado, USA (Coe et al.,, 2008b). The delay between
threshold the maximum rainfall intensity over 10 min and the debris
flow initiation corresponds to the time required to saturate
Rainfall data recorded at the Acquabona (Cortinathe loose debris that fills the channel in the initiation area.
d’Ampezzo) debris-flow monitoring system (Tecca et The time of occurrence of debris flows was between 35
al., 2003) were analysed to assess the minimum rainfaland 105 min after the onset of the rainfall, generally about
triggering threshold for debris flow occurrence, as the30min after the peak rainfall intensity over 10 min. In this
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Fig. 3. Rainfall data at Podestagno, Cortina, Passo Falzarego and San Vito meteorological stations. Total annu@-—+d)nfa# red line
is representative of the trend. Mean monthly rainfall for different per{ed&).
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Fig. 4. The rainfall event triggering the debris flow at Acquabona on 17 August 1998 at 08:21 p.m. The plot shows that the debris flow
initiated just after the maximum of ten-minute rainfall.

period, the total rainfall amount varied from about 8.1 to considering a sliding window of eight years, which allowed
46.2 mm, and the peak rainfall intensity ranged from 4.9 tous to consider overlapping periods containing a statistically
17.4mm/10 min. Figure 4 shows an example of a rainfall significant number of exceedances. For each station, the re-
event triggering a debris flow. sults obtained from the analysis are shown in Fig. 5, which
A comparison with some past rainfall data indicates thatexhibits the total number of rainfall events and of values ex-
rainfall of similar or even higher intensity and larger accumu- ceeding the minimum triggering threshold of 4.9 mm/10 min,
lated precipitations have been recorded without a debris-flowpver each 8-year period. It clearly emerges that the consid-
occurrence. Among others, a 50-min rainfall with a peak in-ered stations display quite different trends over the consid-
tensity of 13 mm per 10 min was recorded on 14 July 1997,ered periods, because the number of over-threshold events
definitely greater than the precipitation triggering the debrisand the number of exceedances are characterised by impor-
flow of 27 July 1998 (see Table 2). Although the limited tantvariations among the five considered stations. In the case
number of cases does not allow us to define a statisticallyf Faloria and Podestagno (Fig. 5a and c), there is a marked
validated triggering threshold for debris-flow occurrence, thepositive trend in the number of both rainfall events and ex-
data so far collected emphasize that debris flows do not oceeedances of the minimum triggering threshold. This indi-
cur with a rainfall intensity below 4.9 mm over 10 min, which cates that, in the last 19 years, intense rainfall events have be-
represents the minimum triggering threshold. come more frequent. At Cortina station, the number of events
increases, whereas the number of exceedances seems to re-
main quite constant throughout the considered period, possi-
bly showing that the intensity of the over-threshold events is

From 1990, the regional meteorological network has beerpotundergoing important changes (Fig. 5b). Passo Falzarego

updated; the current rainfall dataset is composed of data CO|§tation shows a fairly constant trend (Fig. 5d). Villanova sta-

lected with a temporal resolution of five minutes. Five au- tion, unlike the other examined rain gauges, shows a slight

tomatic rain gauges, namely Faloria, Podestagno, Cortinar,'egat've trenc_i in both the number of events and total ex-
edances (Fig. 5e).

Passo Falzarego and Villanova (see Fig. 1), were consideretf ) i
in analysing the occurrence of rainfall events displaying cha- ! Of the threshold exceedances observed in the consid-
racteristics similar to those of the events that triggered debrifrecj period (1990-2008) occurred between May and Octo-
flows. According to the observations reported in the previous Er. Most events occur during the summer period, in par-
section, the rainfall events with maximum intensities higher ticular, June, July, and August, whereas critical events very

than 4.9 mm/10 min were considered. Moreover, due to thd 2€ly occur in May and October (Fig. 6). The distribution of
fact that during a single rainfall event, the fixed threshold gxceedances is similar for Faloria, Cortina and Falzarego sta-

(i.e., 4.9 mm/10 min) can be exceeded more than once sintions, with the maximum value in July, while for Podestagno
gle 10-min rainfall values exceeding the minimum trigger- station the maximum IS in August.. This shows, once again,
ing threshold were also considered. The number of threshthe local variability of extreme rainfall event occurrence in

old exceedances was calculated between 1990 and 2008, tije Study area.

5 Analysis of threshold exceedances
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Fig. 5. Number of rainfall events (blue bars) and number of exceedances (red bars) determined on the basis of rainfall data measured at the
meteorological stations Falor{a), Cortina(b), Podestagnéc), Passo Falzaregal), and Villanova(e) during the period 1990-2008. The
blue and red lines are representative of the trend of numbers of rainfall events and exceedances, respectively.

We note that an approach based on the extreme value didarly effective for this case because the interarrival time of the
tributions, such as the General Extreme Value (GEV) dis-considered threshold is shorter than one year. Furthermore,
tribution, to investigate the probability of occurrence of the the POT framework allowed us to investigate the frequency
considered rainfall threshold (i.e., 4.9 mm/10 min), cannot beof occurrence of over-threshold events for different thresh-
applied, since such a threshold is on average exceeded moodd values, thus, extending the previously presented statisti-
than three times per year in the considered period. Figure tal analyses (Figs. 5 and 6).
shows some results of an analysis carried outin a Peak-Over- |n particular, Fig. 7a portrays the total number of ex-

Threshold (POT) framework (see, for example, the reviewceedances over the considered period, for different values of
paper by Lang, 1999), which basically allows one to con-the critical threshold, whereas Fig. 7b portrays the average
sider more than one rainfall peak per year in order to increasgnnual number of over-threshold events,which is basi-

the available information with respect to procedures that usga|ly the inverse of the interarrival time. It clearly shows that
annual maximum rainfall data. Such an approach is particuthe interarrival time (1) increases for increasing values of

www.nat-hazards-earth-syst-sci.net/10/571/2010/ Nat. Hazards Earth Syst. Sci., B8G2010
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the year, at Cortina, Faloria, Falzarego and Podestagno stations, de- threshold (mm)
termined on the basis of rainfall data measured during the period
1990-2008. Fig. 8. Comparison of the average annual number of over-threshold
events,A, during the periods 1990-1998 and 1999-2008, deter-
£ 500 2 25 b) mined on the basis of rainfall data at the Faloria meteorological
g 400 2 station.
g 300 15
o <
S 200 10
g 100 5 The test shows that the null hypothesis can be assumed to
* O e % s e e v be true with a probability less than 0.1, emphasising that the
threshold (mm) threshold (mm) climatic changes observed at Faloria station produce over-

threshold events characterised by different probability distri-
Fig. 7. (a) Total number of over-threshold events for different butions.
thresholds, an(b) average annual number of over-threshold events,
A, determined on the basis of rainfall data at the Faloria meteorolog-

ical station during the period 1990-2008. . . .
gthep 6 Discussion and concluding remarks

the considered threshold. Analogous analyses were carriedihe first results of this preliminary study on critical rainfall
out by considering two distinct periods, namely 1990—199gthresholds for debris-flow occurrence and climatic changes
and 1999-2008, to investigate possible variations in the frein the Dolomitic area of Cortina d’Ampezzo suggest a num-
quency of over-threshold events, for instance related to cliPer of conclusions that can be summarized as follows.

matic changes, as shown in Fig. 8. It clearly emerges that, The increase in the number of potentially triggering rain-
for every considered threshold value, the number of averagéall events, as well as their intensity, suggests climate
annual over-threshold events increased in the second decagbanges in the study area. In the past century, the considered
(Fig. 8). In fact, the number of over-threshold events thatarea has experienced changes in temperature, in the amount
characterises the period 19992008 is always greater than tH¥ total annual rainfall, and in the distribution of monthly
number of over-threshold events in the period 1990-1998fainfall. Maximum annual temperatures increased by up to
showing that climatic changes could produce an increase i8°C, and the distribution of rainfall experienced important
the number events potentially triggering debris flows. Forchanges during the autumn (October and November).
example, for the critical threshold of 4.9 mm/10 min, the ave- The differences displayed by the analysis of data measured
rage annual number of over-threshold events increases frorat different stations show a large variability in rainfall dis-
2.8 in the period 1990-1998 to 3.9 in the period 1999-2008tribution, particularly for intense, short-duration rainfalls all
We also performed the Wilcoxon rank sum test (Wilcoxon, over the study area. This variability does not seem to be re-
1945), which is equivalent to the Mann-Whitney U test lated exclusively to the elevation but also to local morpholog-
(Mann and Whitney, 1947), a non-parametric test for assessical conditions. As a consequence, in order to investigate the
ing whether two independent samples of observations comeelationship between rainfall characteristics and debris-flow
from the same distribution. The null hypothesis is that theoccurrence, it is important to consider rainfall data recorded
average annual number of over-threshold events obtained faat meteorological stations close to the sites where debris
the different thresholds in the period 1990-1988,and the  flows occurred. A larger monitoring network is needed to de-
average annual number of over-threshold events in the periodelop forecasting models and to further investigate the pres-
1999-2008).2, come from distributions with equal medians. ence of a climatic change.
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As the mean frequency of rainfall events that can poten- and drainage-basin morphology, Interstate 70 highway corridor,
tially trigger debris flows is 3.5 events per summer, it is nec- central Colorado, U.S.A., in: Debris-Flow Hazards Mitigation:
essary to use forecasting models that can account for this Mechanics, Prediction, and Assessment, edited by: Rickenmann,
frequency and the possibility of major climate changes be- D-and Cheng, Ch.,. Proceedings 3rd International DFHM Con-
cause models using only the annual maximum values, such ference, Davos, Switzerland, 207-217, 2003.
as Gumbel or GEV, could underestimate the probability of ©°€: J- A-» Cannon, S. H., and Santi, P. M.. Introduction to the spe-
occurrence, at least for small triggering thresholds. cial issue on debris flows initiated by runoff, erosion, and sed-

Because of the marked variability displayed by the trends iment entrainment in western North America, Geomorphology,

96, 247-249, 2008a.
of intense rainfall events at local and global scales, morecee, J. A., Kinner, D. A., and Godt, J. W.: Initiation conditions
short-term rainfall data and further studies are needed to for debris flows generated by runoff at Chalk Cliffs, central Col-
analyse the influence of global climate changes on the in- orado, Geomorphology, 96, 270-297, 2008b.
crease in intense rainfall events. In mountainous regionsEasterling, D. R., Evans, J. L., Groisman, P. Y., Karl, T. R., Kunkel,
rainfall data must be gathered from well-distributed rain K. E., and Ambenje, P.: Observed variability and trends in ex-
gauge networks because of the influence of morphometric treme climate events: a brief review, B. Am. Meteorol. Soc., 81,
factors. At the global scale, and with the aid of remote- _ 417-425, 2000. o
sensing techniques, it will useful to analyse the correlationd=Vans: S. G. and Clague, J. J.: Recent climatic change and catas-
between regions with different climatic features, to under- tmph'ﬁ lgeomorphlc processes in mountain environments, Geo-
stand the influence of global climate changes on |0recipitatior]E morphology, 10, 107-128, 1994.

. . ybergen, F. A. and Imeson, A. C.: Geomorphic processes and cli-
patterns and mitigate the related social consequences. matic change, Catena, 16, 307319, 1989.
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