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Abstract. Karst environments are characterized by peculiar For all the types of natural hazards, availability of informa-
hydrologic features, and in particular by a very limited, if tion on past events has a crucial importance in understanding
not absent, surface hydrography. Water tends to infiltratehe phenomenon under study, with particular reference to its
rapidly underground through the complex network of frac- spatial and temporal distribution. As regards to floods, stud-
tures and karstic conduits in the rock mass. However, ories and analysis dealing with aspects of the history of hy-
the occasion of concentrated rainfall, as well as in case ofirology and hydraulic engineering are of great interest: they
prolonged precipitation, such network might not be able tocan nowadays rely on paleoflood data, which can result from
allow flowing of large amounts of water, which causes theclassical fluvial paleohydrology research (Condie and Lee,
occurrence of floods. This contribution illustrates the flood 1982; Costa, 1983; Baker, 1987; Williams and Costa, 1988;
history in a classical karst area of Southern Italy, the townNunes Correia, 1991; Martini et al., 2001), and from critical
of Castellana-Grotte, in Apulia. The oldest part of the town review and analysis of historical chronicles and documents
lies at the bottom of a karst valley, which was hit by many (Stedinger and Cohn, 1986; Jin and Stedinger, 1989; Rossi,
flood events in the last centuries. More than twenty of thesel992; Llasat and Barriendos, 2001; Naulet et al., 2001). The
are here documented, starting from critical analysis of existdatter, in most of the cases, deals essentially with the impacts
ing publications and documents, integrated with additionalthat flood events had on man’s activities and infrastructure,
historical researches. Aimed at reconstructing the flood hisand/or with the consequent engineering works aimed at mit-
tory at Castellana-Grotte, the best-documented events are degating similar effects from future floods.

scribed, together with the main factors, which played a role The present paper belongs to the second category above,
in distribution and gravity of the related damage. Eventually,and provides a contribution about the use of historical in-
some engineering works realized during the first decades oformation on floods, aimed at a better comprehension of the
the last century, in order to avoid further damage on the ocflood history of a classical karst area of Southern Italy, the
casion of catastrophic floods, are also described. town of Castellana-Grotte, in Apulia. Castellana-Grotte is
worldwide famous due to the remarkable, more than 3km
long and more than 120 m deep, caves (Fig. 1), which were
explored for the first time in 1938, and soon after that be-
came one of the most visited show caves in Europe (Anelli,

Floods are the major cause of harmful effects induced by wa—1957)' Discavery of these caves played an important role in

ter on society (Yevjevich, 1992). They may occur in many Fh(al;%%rlsbtlc %%yelogment of :}hehtown that mOd'f'eﬁ |tsbname
different geological environments, with diverse hydrogeo—In , by adding Grotte (which means caves), thus becom-

logical and morphological characteristics; the resulting dam-"9 the present Castellana-Grotte.
age is often very high, in terms of both casualties and socio-

economic losses. As for the effects of other natural disasters _ )

(Bolt et al., 1975; Schuster, 1996), the negative effects or¢ F100ds in karst environments

society and the territory extend well beyond the boundaries

of the area directly affected by the flood, and there is a great@rst areas represent a very distinct type of environment,
difficulty in determining the overall losses resulting from a with marked local and regional differentiation of ecosystems
single event (Griggs, 1988). and geotopes that are expressed by their specific morphology,

hydrographic and ecological characteristics, and by the com-
Correspondence tadvlario Parise (cerimpO6@area.ba.cnr.it) plex hydrogeological and engineering-geological conditions

1 Introduction
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Fig. 2. Location of the study area, and geological sketch of Apulia.

1) alluvial deposits (Pliocene-Pleistocene); 2) bioclastic carbonate
rocks (Paleogene) and calcarenites (Miocene); 3) carbonate plat-
form rocks (Upper Jurassic - Cretaceous); 4) scarp and basin chert-
carbonate rocks (Upper Jurassic - Cretaceous). Castellana-Grotte is
indicated by the black circle and the letter D.

favour the surface runoff and hinders infiltration of water in
the underground network.

In karst environment, therefore, it is important to perform
a distinction between a core catchment area and a periph-
Fig. 1. The 75m deep Grave, the entrance to the Castellana Cave%ral (or puf_fer) catchment area, the latter being reactivat_ed
(photo courtesy of Gianni Campanella). only perlod|ce_1lly on the occasion qf exfcreme meteorologi-

cal events (Gillieson, 1996). The situation can be furtherly

complicated by spottiness of the rainstorm, that is irregular
spatial distribution of the rainfall during the same meteoric
(Liszkowski, 1975). In particular, karst environments are event: if the catchment area is wide enough, also rainfall oc-
characterized by peculiar hydrologic features, and by a vencurring at different sites with varying intensity might be able
limited, if not absent, surface hydrography (Cvijic, 1918; to produce floods, often with an abruptness and sheer force
Nicod, 1972). The outcropping of soluble rocks, which per- that are generally typical of events in semi-arid or extreme
meability is essentially related to fracturing in the rock mass,arid areas (Schick, 1988).
further enhanced by the development of karst conduits and The Apulia region (Fig. 2) is one of the classical karst ar-
cavities, favours the rapid infiltration of water in depth, sig- eas of Italy, being overlaid for most of its extent by carbonate
nificantly limiting the surface runoff. Nevertheless, on the rocks. Many floods have been registered at several locations
occasion of concentrated rainfall, or of prolonged precipita-in the region: to provide a few examples, it is worth to re-
tion, the network of fracture and conduits in the rock masscall here the 1896 flood in Monopoli (Corriere delle Puglie,
may not be able to allow rapid flowing of large amounts of 1896-97), and that of 1926 in Bari (Baldassarre and Frances-
water. At the surface, changes of the normal drainage waysangeli, 1987). The latter town was involved in several other
and formation of temporary lakes may be registered, andloods during the 19th and 20th centuries: the most important
floods may occur (White and Reich, 1970; White and White, were those of 1810, 1827, 1905, and 1916 (Valente, 1905;
1984; Mijatovic, 1987; Molina and Mc Donald, 1987; White, Melchiorre, 1982).
1990). If buildings and man-made structures are present in During the event of November 1926, in particular, 161 mm
the affected area, damages are likely to be expected. of rainfall were registered in three days (4-6 November);

Even when rainfall is not particularly strong, flooding may the maximum value of 103 mm occurred between 19:00 and
occur when the landscape has been modified by man: actior3:45 LT of 5 November, and was more than a quarter of the
such as changes in the water drainage ways through agriculhean annual precipitation at the site (that is 600 mm; Baldas-
tural work, road paving, and clogging of existing swallets sarre and Francescangeli, 1987).
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Fig. 3. Karst lake of Chienna, in the southeastern Murge, showing
the several wells, built in local limestone rocks, inside the flooded
area. In the proximity of this lake, some of the first human settle-
ments of this area, dating back to Neolithic time, have been founc
(Coppola, 1981).

In most of these occasions, the causes of the severe dar 500
age accompanying the flood events had to be looked for, be
yond the unusual rainfall values, also in the expansion of the
urban area inland, with the consequent coverage of large se«
tors of land with asphalt and buildings, and the occupation
by man of areas that were before naturally dedicated to flowFig. 4. Karst valley of Castellana-Grotte. 1) boundary of the val-
of water lines during intense rainstorms. ley; 2) morphological saddle; 3) main divides; 4) depressions and

dolines, and remnants of ancient hydrography; 5) town. The square
marks the location of Largo Porta Grande. Contour interval 10 m.

S.Nicola
di Genna

3 Castellana-Grotte

Apulia geologically represented the foreland during the
phases of building up of the Southern Apennines of Italy. tions, also thanks to the smoothed morphologies that facili-
Most of the region is made up of thick sequences of lime-tated land use changes. Unfortunately, many of these inter-
stones and dolomites formed in carbonate platforms during/entions produced, and still cause today, serious problems in
Cretaceous time (Fig. 2); in particular, at Castellana-Grotteterms of pollution and degradation of the karst environment
outcropping rocks are pelitic mudstones and wackestones diParise and Pascali, 2003).
the Lower Coniacian (Upper Cretaceous; Parise and Reina, In the typical karst setting of Castellana and nearby areas,
2002). Later on, these materials, faulted, deformed, and thathe paucity of water at the ground surface strongly controlled
were repeatedly affected by karst process, have been partline establishment of the first human settlements in the terri-
covered by recent deposits, mostly represented by calcareriory. These, in fact, were located close to karst lakes (Fig. 3),
ites. where, due to favourable geological conditions, conservation
The landscape is low lands, and presents landforms offthe precious resource water, and its exploitation, were pos-
clear karst origin. Many phases of karst have in fact beersible (Parise, 2002).
active, producing an extensive underground network of cav- The oldest part of Castellana-Grotte lies at the bottom of a
ities, caves and conduits, only a limited part of which is ex- karst valley (Figs. 4 and 5), which main morphological fea-
plorable by man. As other landscapes where karstification igures are represented by flat bottom valleys filled with allu-
the main modelling agent, some features can be identifiedvial deposits, detritus artérre rosse Infilling materials have
first of all, the absence, or very limited presence, of surfacdow permeability, so that on the occasion of intense rainfall
runoff, the outcropping of residual deposits from karst pro- most of the runoff occurs at the surface.
cesses (the so-calladrre rossg, the connectivity between These valleys and water lines (locally calleime are
the surface and the underground systems, and the need the remnants of the original hydrographic network (Parise,
defining dynamic boundaries for karst catchments. The rol€l999); they are directed toward the northern boundary of
of man has also to be stressed, since the landscape has dfe valley, where the most low-lying sector and the town
erywhere been strongly modified by anthropogenic interven-of Castellana-Grotte are located (Fig. 4). In ancient maps
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Fig. 5. View from the south of the karst valley of Castellana, show- Fig. 7. Flooded area along the Province Road from Castellana-
ing the town at its lowest sector. Grotte to Turi, after the intense rainstorms of 26-27 July 2002
(photo courtesy of Giuseppe Savino).

920

80.3 80.2

water to the population. On the other hand, flooding events
have been recorded recently after prolonged rainfalls in the
summer of 2002: the most significant occurred on 26 and
27 July 2002, and caused heavy damage to many towns and
rural areas in Apulia (Fig. 7).

Precipitation (mm)

4 The local flood history

4.1 Data sources

In past times Castellana-Grotte has long been affected by
floods, which occurrence was related to a combination of
Fig. 6. Average monthly precipitation at Castellana-Grotte rain some peculiarities of the local karst environment and to land
gauge (period of observation 1951-1996). mismanagement by man. Aimed at reconstructing the lo-
cal flood history, a review of the existing literature about
Castellana-Grotte and the surrounding territory, integrated by
critical analysis of additional historical documents recently
the area where Castellana-Grotte lies was indicated as Lagepublished (AA.VV., 1996), was performed. A number of
(which means lake; see Colamonico, 1917); this already prosources have been investigated, from national archives and
vides important historical information about the presence ofinventories dealing with flooding events, to scientific and his-
water in the more depressed sector of the valley. Largo Portgorical publications, and to documents and publications of lo-
Grande is the wide square located at the lowest part of towrtal history. Additional information was also extracted from
(see Fig. 4 for location), and has repeatedly been in pasfurther sources, which were often helpful in the location of
times the theatre of flooding events (Orofino, 1990; Pace angome specific event, and in the description of related dam-
Savino, 1995). age, but generally did not provide any date of occurrence, or
Castellana-Grotte is characterized by annual values ofesulted in uncertain dating. Eventually, further useful data
rainfall ranging from a minimum of 368.4 mm (year 1989) were collected through direct inspections and survey of nat-
to a maximum of 922.8mm (year 1957), with mean an- ural and artificial cavities and tunnels in the area.
nual value of 662 mm (period of observation: 1951-1996). At a national level, the first archive examined was that of
Most of the rainfall occurs during autumn and winter seasonshe AVI Project (the acronym AVI stands for Aree Vulnerate
(Fig. 6), and the climate is typically Mediterranean; concen-in ltalia, that is Areas Vulnerable to landslides and floods in
trated rainfall might occur during summer. As for nearby ar- Italy); this was commissioned by the Minister of Civil Pro-
eas, a tendency toward decreasing rainfall is being observet&ction to the National Group for Prevention of Hydrogeo-
in the last decades (Table 1). Actually, in the last few years dogical Hazards (GNDCI) of the Italian National Research
serious hydric crisis in the region, as well as in other sector€Council (CNR) to compile an inventory of information on
of southern ltaly, has caused severe problems for supplyingreas historically affected by landslides and floods in Italy
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Table 1. Rainfall values at Castellana-Grotte and nearby rain gauges for the years 1950-1999. Rainfall expressed in millimetres

rain gauge Castellana  Turi  Conversano Polignano Fasano Locorotondo  Noci
elevation (m a.s.l.) 290 250 219 24 111 420 420
years
1950-59 716.5 814.8 772.8 663.7 725.6 700.7 892.2
1960-69 735.3 811.6 652.0 794.0 532.0 703.8 658.3
1970-79 696.0 553.4 640.7 643.3 636.5 628.8 643.5
1980-89 577.3 409.2 515.5 498.5 605.8 - 595.7
1990-99 587.8 - 550.1 554.8 598.9 501.6 579.9

Table 2. List of hydrological and geological disasters (floods and karst subsidence) at Castellana-Grotte, as extracted from review of existing
literature and analysis of historical documents. Events of subsidence are shown in italics. Where available, information on rainfall has been
included (number in bold indicates that the rainfall is the maximum value of the month)

no. date source rainfall notes and damage
1 28 August 1741 Sgobba (1896); maximum water level 6 m
Viterbo (1913)
2 1 November 1784 Lanera (1972) 9 casualties; maximum water level about 5m
3 19 September 1853 AAVV. (1996)
4 12 October 1855 AA.VV. (1996)
5 22 June 1874 AAVV. (1996)
6 24 September 1888 AA.VV. (1996)
7 25 November 1894 AA.VV. (1996)
8 9 November 1896 Sgobba (1896); 4 casualties; maximum water level 5,40 m;
Viterbo (1913, 1972) 600 houses uninhabitable; loss of livestock;
severe damage for at least 2000 people
9 26 November 1896 Sgobba (1896)
10 October 1900 AAVV. (1996)
11 November 1900 AAVV. (1996)
12 October 1902 AAVV. (1996)
13 July 1905 AAVV. (1996)
14 16 November 1954 AVI Project archive
15 21 April 1959 AVI Project archive 23mm
16 8 October 1966 AVI Project archive 84.4mm
17 September 1968 Zezza (1976) 31 mmin September; note thatin  buildings damaged; evacuation of people

August a total rainfall of 198.4 mm
was registered (maximum monthly
value of the year)

18 January 1969 Zezza (1976) 87,2mm in January buildings damaged; evacuation of people
19 1 August 1969 AVI Project archive

20 24 August 1972 AVI Project archive

21 12 September 1975 AVI Project archive 58.2mm

22 4 July 1989 AVI Project archive 49.2mm

23 26 July 2002 field observations not available roads invaded by mud and water
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RTAPOST SOLEM C/EP
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:‘.;f‘(a) Fig. 9. Historical inscription recalling the 1741 flood (after AA.VV.,
1996): on that occasion, the water reached a height of 6 m at Largo

Porta Grande.

24 f‘rvﬁﬁ
QLT

for this specific study was not permitted due to works of re-
organization of the library), and at several religious archives
of the churches in the area.

Looking at the so far identified disasters listed in Table 2,
it has to be noted that in a 30-years interval (from 1874 to
1905) at the turn of the 20th century, nine events were reg-
istered (Table 2); all of them were accompanied by serious
damage and, at least in one case, by casualties. The histori-
cal documentation was found in local archives and libraries,
and consisted of a few works specifically dealing with some
of the flood events and of old photographs testifying to their
immediate consequences.

Fig. 8. Historical photos of the 1896 flood at Castellana (after
AA.VV,, 1996): (a) one of the boats used during rescue operation;
(b) after the flood.

. : . . The 9 November 1896 flood is the best-documented event,
(Guz_zettl et al., 1994). The information extracted from this being described in the work by the attorney Antonio Sgobba,
archive for Castellana-Grotte regard the most recent events, . . g .
and also include cases of subsidence caused by karstic ca Which was published few weeks after the disaster. According
L incu US| cau y ' M6 this testimony, the rainfall started in the morning, after a
ties in the urban area, as will be described later.

few days of intense antecedent rainfall. From 19:00 LT the

_The most interesting and numerous data about the flooq iy event began: there was a strong increase in the inten-
history at Castellana-Grotte derived, on the other hand, fronyj, o the rain and, after four hours of continuous rainfall, the
puphcauons and documents a'F a more local level. This was Fowest part of town was completely inundated by a huge lake
quite expected result that confirmed what was observed fromy o+ raached about one third of the entire town, with height

previous historical researches about natural hazards in soutraﬁ some 5.4m at Largo Porta Grande. Boats had to be car-
ern ltaly (Calcaterra and Parise, 2001; Parise et al., 2002). fied from Monopoli, the closest town at the seaside, to help

people getting out of their houses (Fig. 8). Still today, many
historical inscriptions on buildings in the historical centre of

) Castellana-Grotte recall the sad hours of that day (Fig. 9).
At Castellana-Grotte, a total of 23 events of hydrological and

geological disasters, starting since the 18th century, were ob- Occurrence of several other flood events, up to the most
tained through historical analysis and scrutiny of availablerecent of 26—27 July 2002, still testify the overall fragility of
documents. All the events for which some historical doc-the karst environment at Castellana-Grotte, and the negative
umentation was found are listed in Table 2. No informa- impact that the man has often had on the territory: construc-
tion has been so far found about flooding events prior to thetion of new buildings and roads, which caused diversion of
18th century. However, this aspect is worth to be better exthe original water lines, and destruction of the old works (i.e.
amined in the future, through examination and scrutiny ofstone dry walls) aimed at controlling the runoff water, still
the historical documentation, which is collected at the pub-today contribute to increase the damage to the anthropogenic
lic library of Castellana-Grotte (where, unfortunately, accessenvironment on the occasion of the most intense rainfall.

4.2 Chronology of flood events
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underground system of cavities was thus obstructed. Many
of such activities are again registered in historical documents
from various sources, found in private and public archives at
Castellana-Grotte and nearby towns. All of these actions of
mismanagement played a very important role in producing
greater negative effects on the occasion of the floods.

The presence of a thick network of subterraneans in the
area, both natural and man-made, recently received further
evidences by finding of old structures in 2000 and 2002:
in particular, the ancient channel which was identified dur-
ing some construction works in December 2000 (Manghisi
and Pace, 2001) was probably part of the complex drainage
system there existing, or, alternatively, a tunnel connecting
reservoirs located at different sites of the square.

These subterraneans made still more complex the karst
environment at Castellana-Grotte, and increased its high
fragility, as was repeatedly demonstrated by other geolog-
ical disasters that occurred at the very same site that was
the theatre of the main floods (Largo Porta Grande; Fig. 10).
4.3 Human interactions and impact Several cases of subsidence due to presence of underground

cavities partly filled with colluvial deposits and terre rosse
The disastrous effects of the 1896 flood, as well as of thoséhad to be registered since 1968 (Table 2); in more than one
that preceeded it, were favoured by actions of mismanageeccasion, collapse of the above buildings, that had eventually
ment of the territory, starting from deforestation of the hills to be evacuated, resulted.
around Castellana, severely carried out since 1700. Defor- Subsidence phenomena related to the presence of under-
estation was mostly performed to provide wood for heat-ground cavities due to karst processes are typical of many
ing during the winter season or for industrial activities, and karst areas (Nicod, 1972; White, 1988; Palmer, 1990). Sub-
to conquer new pieces of land to agriculture. This phe-terranean erosion may cause collapse of the cavity’s roof and
nomenon was very typical of large areas of the Mediter-the breakthrough of the cavities to the ground surface, with
ranean Basin, where it was favoured by expansion of settleformation of sinkholes. Either natural or man-made, this phe-
ments and agricultural practices, which eventually resultedhomenon affects carbonate formations subject to karstifica-
in promoting soil degradation (Gams, 1991; Gams et al..tion in many areas of the world (Jennings et al., 1965; Calem-
1993; Frumkin, 1999; Gams and Gabrovec, 1999). In southpert, 1975; Stringfield and Rapp, 1976; Cotecchia, 1980; So-
ern Italy, where extensive deforestation occurred in the 18thiano and Sirdn, 2002), and is frequently encountered dur-
and 19th centuries, many hydro-geomorphological problemsng road constructions or other engineering works in karstic
(mostly shallow landslides and erosion) have still to be re-areas (Bwe, 1990; Cavounidis et al., 1996; Roje-Bonacci,
lated to destruction of the vegetational cover that was origi-1997).
nally present on slopes (Sorriso Valvo, 1993; Parise and Wa-
sowski, 2000). 4.4 Engineering works

The Murge, that is the part of Apulia where Castellana-

Grotte is located, were severely involved in deforestationAfter the 1896 event, many works were designed and real-
practices, and today only a very few remnants of the ancientzed in the lowest part of Castellana to facilitate infiltration
wood cover still existin the area (Vita, 1972). As remarked in of water underground. Actually, even before that, the need to
several testimonies (Viterbo, 1913; AA.VV., 1996), the greatrealize hydraulic works was strongly felt in the town: the first
part of the oak trees that characterized the slopes surroundingroject was designed to use some of the karst cavities in the
the karst valley of Castellana-Grotte were cut in the last twoarea, where at least 4 deep shafts were known, by connecting
centuries, and replaced with olive trees and vines. them through horizontal tunnels to allow the amount of water

In addition, as a further change of the original setting atto penetrate in depth and not to be collected at the surface on
Castellana-Grotte, since the second half of the 19th centuryhe occasion of intense precipitation. With this aim, in 1865
the natural system of caves and channels there existing wake shafts called “Gravinelle” were enlarged at the entrance,
strongly changed by man. Itis worth reporting here an exam-and a double opening to facilitate inflow of the waters was
ple: in the 1880-90's the monks at the church of S. Francescoealized (Viterbo, 1913). Gravinelle is a karst shaft, some
di Paola (today devoted to S. Giuseppe, located at the eagtO m deep, created by karst processes which have enlarged a
side of Largo Porta Grande), after many requests, were everfracture in the rock mass (Figs. 11 and 12).
tually authorized to infill the several swallets and caves inthe Nevertheless, it was clear already at that time that this
area, and to build large reservoirs in order to better cultivatefirst work could not be considered as resolutive for the
their properties (AA.VV., 1996). Infiltration of water in the flooding problems at Castellana on the occasion of major

Fig. 10. Buildings involved in cases of subsidence at Largo Porta
Grande (photo taken in 1999).
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555 only minor floods, with very limited damage when compared
. to those caused by previous events, were registered at Castel-
PIANTA 2uia Ave
= =7 lana.
- All of the works described above belong to the so-called
g -, “flood-damage mitigation” (Linsley and Franzini, 1979),
“flood hazard reduction” (Rossi, 1992), or “coping with

floods measures” (Yevjevich, 1992), that is all those mea-
sures, with necessary policies and strategies of implementa-
tion, that a society may apply to prevent or mitigate flood
damages. Specific flood mitigation measures, including
structural and non structural measures, and soil conservation
actions, are greatly variable depending on the physical and
morphological characteristics of the area, and in particular
on the main hydrogeological features of outcropping rocks.

5 Discussion

Review of available publications and documents, and histor-

Brzione A-B ical research performed for this study, resulted in collection
of many information about the flood history in the classical
karst area of Castellana-Grotte, and the engineering works

Fig. 11. Plan and section of the Gravinelle, the deep shafts presen{ea“.Zed .at the site after the catastrophic eventl of 1896. .

at the southern end of Largo Porta Grande (survey and drawing by Historical research on natural hgzards provides useful in-

Franco Orofino). The figure shows the plan at the bottom of theSights toward a better comprehension of the phenomena un-

shafts pianta alla basgand at their entranceianta allasomma), ~ der study, and their frequency and effects on the anthro-
and the vertical sectiorséziong Units in meters. pogenic environment. This is in particular true for floods: as

stated by Baker et al. (2000), integration provided by avail-

ability of historical information is crucial for paleoflood hy-

drology, that is the science of reconstructing the magnitude
rainstorms. Thus, another design, whose expense was estnd frequency of large floods using geological evidence and
mated in 100000 lItalian lire of the time, was realized; this a variety of interdisciplinary techniques. This integration is
sum had originally to be covered by the Castellana Munici-of particular importance as regards the floods of greatest con-
pality. Lack of funding from the Municipality, unfortunately, cern to humans that are those associated with climatic condi-
resulted in delay of the works. tions most like the present.

After further floods, including that catastrophic of At Castellana-Grotte, in all of the documented flood events
9 November 1896, a new project was designed, this time aflisted in Table 2), direct and indirect impacts had to be reg-
the expense of the Italian State. Again, however, a new deistered, where direct impacts include the loss of human lives,
lay had to be registered, this time caused by the catastrophiof livestock and wild animals, of property and current indus-
1909 Messina earthquake: the tragic aftermath of that eventrial, agricultural and service sector production or delivery;
and the very severe damage registered in Messina and Reggindirect impacts, on the other hand, result from the propaga-
Calabria, moved toward the southernmost tip of Italy most oftion of direct economic losses through the regional economy
the funds from the Italian government. Thus, only in 1911 (Yevjevich, 1992; Williams, 1993).
the work eventually began at Castellana, to be completed The main lesson, which can be drawn from the flood his-
two years later (Viterbo, 1913). At a depth of about 10 m, thetory so reconstructed at Castellana-Grotte, highlights once
Gravinelle were connected through an artificial tunnel (calledagain the great fragility of karst environments, and, at the
Canalone which means Big Channel; Figs. 13 and 14) to same time, the need to adequately manage natural disasters
other shafts to the north, located at a distance of, respedn these settings. As regards this latter point, it has to be
tively, about 1 km and 2.5 km (Manghisi, 1987). In addition, noted that the engineering works realized at the turn of the
a second tunnel to be used as spillway was also built, for aentury at Castellana were certainly good interventions in the
length of 336 m. Another deep shaft (called “Gravaglione”), framework of a policy of management and safeguard of the
the only one left undisturbed after the works realized by theenvironment.
monks of S. Francesco di Paola, is still present along the The need to keep a historical memory of the hydrological
Canalone; since 1913, itis used to drain the sewerage comingnd geological disasters at Castellana-Grotte is today much
from the town. higher than in the past, since the minor frequency of catas-
This system, designed to mitigate the risk from new floods,trophic events in the last decades, which is probably also due

actually worked. After these hydraulic engineering works, to changes in climatic conditions, resulted in loss of memory
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(b) (©)

Fig. 12. The Gravinelle:(a) the cave double entrancéa) the bottom of the cave, showing waste materials of different Kicjdascending
the 40-m deep shaft (photos 12b and 12c courtesy of Domenico Sgobba).
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Fig. 14. Northern exit of the Canalone.

1984), are realized. Scientists, as well as technicians and ad-
ministrators in charge of the land management, should try to
keep memory of the past occurrence of these events, since
their knowledge and documentation, and the dissemination
of these information to the population, are the first steps to-
ward mitigation of the risk related to natural hazards.
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