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Abstract. This contribution shows, through some examples, The geomorphological mapping should also update those

that the current instability processes sometimes do not comelements of the landscape which could have changed from

pletely correspond (concerning presence, location, state ahe official topographic base map.

activity and/or extent) with those mapped by PTCP Hydro- Detailed geomorphological mapping, possibly undertaken

geological Hazard Maps, which is the document used by thavith the methodology proposed in this paper, could be given

Province Administration for its territorial planning. in charge also to professional geologists in accordance with
The differences highlighted are due to different causesstandard procedures set in collaboration with the Provincial

One of them is the fact that the PTCP Hydrogeological Haz-Administration.

ard Maps are practically derived from the Regional Geolog-

ical maps in which superficial deposits have secondary im-

portance, while bedrock and structural-tectonic aspects ar¢ |ntroduction

given the highest relevance. Another cause is represented by

the very active and intense geomorphological dynamics ofThe studies carried out by the authors of this paper during

the Apennines which may produce or reactivate instabilitythe last few years in the Modena and Bologna Apennines

conditions. (Emilia Romagna Region) have allowed the highlighting of
An important aspect to underline is that the PTCP Hydro-how, in several instances, the instability processes identified

geological Hazard Maps identify areas with planning con-did not always match with those mapped by the Hydroge-

straints, which have effects at a municipal scale; it does swlogical Hazard Maps of the Province-Coordinated Territo-

by starting from a cartographical basis whose primary aim isrial Plan (‘Carte del Dissesto del Piano Territoriale di Co-

not the definition of instability processes and whose updatingrdinamento Provinciale’or simply PTCP Hydrogeological

is not homogeneous. Hazard Maps for this article); the latter are derived by other
Taking into account this aspect, the PTCP Hydrogeologi-base maps to be described in Sect. 3.

cal Hazard Maps should be updated not only on the base of The main differences are related to the presence, location

traditional geological mapping, but also following the criteria and/or state of activity of the slope instability phenomena

of detailed geomorphological mapping which can preciselywhich are the typical elements characterising instability pro-

define the genesis, dynamics and morphometry of instabilitycesses.

phenomena. It is important to underline how the contents of the PTCP
An important consideration, in relation to territorial plan- Hydrogeological Hazard Maps have direct and constrain-

ning, is that the PTCP Hydrogeological Hazard Maps shoulding effects on the Municipalities’ territorial planning so that,

be used just as a “base document”, which requires morevithin the Emilia-Romagna Region, it is accomplished by

necessary detailed deepening at the municipal scale, acconthe so called Municipal Structural PlanBigni Strutturali

plished through accurate geomorphological mapping, at leastomunalj or PSCs) or by the former General Regulatory

for the areas that are going to be urbanized. Plans Piani Regolatori Generalior PRGS).

Published by Copernicus Publications on behalf of the European Geosciences Union.
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Following the PTCP regulations, PSCs or PRGs shouldstreams became canalised and deepened (Surian and Rinaldi,
improve the quality of data contained in the PTCP Hydro- 2003; Castaldini and Ghinoi, 2008).
geological Hazard Maps, reaching a higher level of accuracy Along the Apennine margin thecalanchft, forms of ero-
and detail, but as a matter of fact, this seldom happens. sion similar to badlands, can be clearly observed.

This contribution takes some of the studies carried out by Structural landforms resulting from both regional tectonic
the authors as examples to better understand what the magwolution (also neo-tectonic) and lithological morphoselec-
differences are about, analysing the reasons for those diffettion have considerable prominence. On the slopes, Qua-
ences. From a practical point of view, some considerationdernary continental covers are made up of slope or eluvial-
are made regarding the assessment of geomorphological ircolluvial deposits. Slope instability processes are particu-
stability related to territorial planning. larly important, especially mass movements. In the Emilia-

Romagna Region, over 70000 landslides have been identi-

fied (APAT, 2007): from the typological point of view, all
2 Geographical, geological and geomorphological landslide types are represented (according to the classifica-

setting of the Modena Apennines tion by Cruden and Varnes, 1996). The most frequently

recurring landslides, though, are complex ones, associating
The southern sector of the Modena Province belongs to thenyltiple rotational and roto-translational slides with earth
Northern Apennines, whereas the northern sector belongs tows; as regards the velocities, they are classified as slow to
the Po Plain. The Northern Apennines are a fold-and-thrustapid. The high number of large and periodically reactivated
mountain chain derived from the post-Eocene collisional his-jandslides, found all over this sector of the Apennines, de-
tory between the European and African plates and frompends primarily on geological causes, linked to the quality of
a complex, multi-staged evolution (Bettelli and De Nardo, rock masses and their state of physical weathering. The phys-
2001; Cerrina Feroni et al., 2002). The Modena Apenninescal causes consist essentially of intense and/or prolonged
range in altitude between about 150 ma.s.l., along the marprecipitation; also the importance of snowmelt among mass
gin with the Po Plain, and 2000 ma.s.l., along the watershegnovement causes has been demonstrated (Bertolini and Pel-
between the Adriatic and Tyrrhenian sides of the chain. legrini, 2001). The paper by Bertolini and Pellegrini (2001)

The main watercourses of the Modena Apennines are thgjoes not indicate precise quantitative data, but more specific
rivers Panaro (in the eastern sector) and Secchia (in the wesgata can be found in a more recent publication by Pizziolo et
ern sector) which collect waters from the central sector ofa|. (2008), where the authors calculated precipitation thresh-
the Northern Apennines; after a course through the Apen-ld curves for landslides which occurred in the past in some
nines (about 63 km and 58 km long, respectively) and the Pgyrovinces of the Emilia-Romagna Region. The conclusions
Plain they flow into the River Po (the longest river in Italy). were that 84 % of examined landslide activations occurred

The main geological units forming the Modena Apenninesafter a continuous rainfall lasting from 3 to 5 days: for those
are as follows (Bettelli et al., 1989): cases it is of great importance for the amount of soil satura-

(1) Tuscan Units, made up of Tertiary siliciclastic deep- tion given by previous cumulative rainfall. 28 % of the exam-
water turbidites, continuously cropping out along the chain'sined landslides were triggered by rainfall events with a return
axis; (2) Ligurian Units, made up of deep-sea, oceanic sedperiod of 2 yr and 38 % of the landslides examined by Pizzi-
iments including Jurassic ophiolites followed by thick se- olo et al. (2008) which occurred after rainfall events with a
quences of Late Cretaceous to Middle Eocene calcareouseturn period from 2 and 10yr. Extreme cases represent the
or terrigenous turbidites; (3) the mainly terrigenous epi- 34 %, with a return period of rainfall events higher than 20 yr.
Ligurian succession of Middle Eocene to Late Messinian Regarding the contribution of snowmelt to landsliding, no
age, unconformably resting on the previously deformed Lig-quantitative correlations have been attempted so far by re-
urian Units; (4) the belt of Plio-Quaternary marine terrige- searches for the Emilia Apennines, this is likely because
nous deposits unconformably overlying the Ligurian Units measurements of snowpack distribution, thickness and den-
and the epi-Ligurian succession and dipping under the allusity have never been undertaken.
vial deposits of the Po Plain. The earthquakes seem to be just the triggering cause of

The geomorphological features of the Modena Apenninessome landslides, whereas the intrinsic causes mainly result
are the result of a series of processes which have been afrom the amount of precipitation in the preceding periods
tive over a long time (mainly from the Late Pleistocene) on (Tosatti et al., 2008). Only in the past ten years has it been
different lithological types with changing climatic and geo- possible to recognise Deep-seated Gravitational Slope De-
dynamic conditions in terms of recurrence, areal distributionformations, which allowed the correct interpretation of forms
and intensity. previously ascribed to other causes.

In this territory, landforms and deposits, due to running Glacial landforms and deposits dated to the Last Glacial
waters, can be observed everywhere; valley-floor deposits arBlaximum are found in the upper sector of the Modena Apen-
prevalently gravels. In response to various types of humamines, in which cryogenic and nivation landforms and de-
disturbance, after the 1950s, the braided pattern of the maiposits, are also widespread.

Nat. Hazards Earth Syst. Sci., 12, 421430, 2012 www.nat-hazards-earth-syst-sci.net/12/421/2012/



D. Castaldini et al.: Considerations on geomorphological maps for territorial planning 423

dell’Appennino Emiliano-Romagndlaat the 1:10 000 scale,
realised by the Geological, Seismic and Soil Service of the
Emilia-Romagna Region. The current hydrogeological haz-
ard cartography is available for the whole Region on a web-
GIS portal (Regione Emilia-Romagna — servizio Geologico,
Sismico e dei Suoli, web-site, 2011).

The current hydrogeological hazard cartography repre-
sents the knowledge basis taken as reference by the Po-River

Bolzano

Belluno

Venezia

Basin Authority and by the Provinces to implement and im-
Adriatic prove their hydrogeological hazard maps.
Sea Regarding the Modena Province, the PTCP Hydrogeologi-
A\ state boundary cal Hazard Maps and their associated regulations manage the
tyerenian &7 wotena province instability framework within the territorial planning.
Sea &P tnvestigated sector The PTCP Hydrogeological Hazard Maps are synthesis
. Scdltenna ®  Selected case studies thematic maps classifying the instable zones as active or dor-

_ _ o ) _ mant landslides or as potentially instable areas (see Table 1).
t';'?'oi'ﬂ';eoﬁgggncz g‘ri;ilsgtec’ case studies in the investigated secyp gy 5150 outline critical areas in relation to hydrogeological
: instability, toward which guidelines, prescriptions and direc-
tives are applied.

Finally, concerning man’s activities in the mid-low Apen- A peculiar situation for the Modena Province is the re-
nines, the irreparable damage to slopes caused by quarryingfnt'y approved total correspondence_ between the instability
activities (raw materials for the ceramic tile industry) should framework of the PTCP Hydrogeological Hazard Maps and
be pointed out. In the upper Apennines, the impact deterthe one of the PAI which has, in fact, integrated.all the in-
mined by the setting up of ski pistes and ski-lifts should alsoStable areas outlined by the PTCP Hydrogeological Hazard
be mentioned. Maps. Therefore, the latter represents the unique reference

All the examples of instability case studies which will be Plan for the municipal urban planning with respect to the hy-

described in this paper are located in the catchment basin dirogeological safety regulations. S
the Panaro River (Fig. 1). In their territorial-planning phase, Municipalities can

adopt, without any change, all data contained in the PTCP
Hydrogeological Hazard Maps, but they can also improve
3 Legislative framework for hydrogeological hazard them through detailed investigations.
planning in the Emilia Romagna Region Usually, the majority of Municipalities acquire the whole
PTCP Hydrogeological Hazard cartography without mak-
In Italy, hydrogeological hazard is managed through differenting any change, not having enough economical resources to
instruments by the institutions, namely the State, Regionsmake improvements. In that way, the urban planning in the
Provinces and Municipalities. executive phase has to deal entirely with the management of
The general reference plan for the Emilia-Romagna Re-+the regulations and constraints related to the slope instability
gion is the Hydrogeological Basin PlaRi@no Stralcio per  framework depicted by the PTCP Hydrogeological Hazard
I’Assetto IdrogeologicpPAl) by the Po-River Basin Author-  Maps.
ity (Autorita di Bacino del Fiume Po That plan unifies the
management, at basin scale, of the hydrogeological frame- )
work, coordinating all the measures adopted by previougt Study methodology and practical remarks

planning documents. Th iderai holoaical for territ
The PAI identifies the fluvial safety buffers for the main . € considerations on geomorphological maps for territo-
rial planning, which are illustrated in this paper, are derived

water courses and defines the structural measures to be up-

dertaken on those same water courses, on hillsides and oM the studies carried out for the implementation of de-

mountain areas; for the latter it outlines the areas at hydroget—a”fad maps (1:5000/1:.10 000 sca!e) showmg the geomorpho-
ological risk. logical hazards affecting 16 main productive areas of the

As concemns the Emilia-Romagna Region, in the earlyPanaros mountain basin (Castaldini and Ghinoi, 2007a, b;

Seventies the Hydrogeological Hazard MapBafte del Ghinoi and Castaldini, 2007; Castaldini and Ghinoi, 2009;

Dissestd at the 1:25 000 scale were realised, mainly throughp.amz.za’ 200.9) and the medieval wllage of Riola which is .Of
. . : historic, architectural and landscape importance and which
interpretation of aerial photographs.

In the early Nineties, those maps have been update has recently gained interest for possible tourist exploitation

on the basis of the data derived from the Geological Castaldini etal., 2008, 2010).
Map of the Emilia-Romagna Apennine€drta Geologica
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Table 1. Legend of the PTCP Hydrogeological Hazard Maps (after Provincia di Modena, 2009).

Zone Category Elements considered

1 . Areas affected by active landslides landslides which are currently active or that have been reactivated
since the last 30 yr (rock-falls are also included).

2 Areas affected by dormant landslides landslides that have not showed signs of activity since the last
30yr and that could be reactivated by their original causes; among
those are block slides, lateral spreads and Deep-seated Gravitational
Slope Deformations.

3 Potentially instable areas guaternary deposits affected by evident superficial morphogenetic
processes such as creep, solifluction etc.; alluvial fans; areas af-
fected by relevant processes due to running water (erosion, floods,
etc.); naturally stabilized or relict landslides.

Areas at high or very high hydrogeological risk

_____

41 Houses to strengthen or to move away
5 Areas at very high hydrogeological risk
6 Areas at landslide risk: high (R3) and very high (R4) risk

The first step of the researches has been the acquisition @fccording to their state of activity. Therefore, the first im-
all available information and documents regarding the studyportant aspect has regarded the concept of “state of activity”
areas and their surroundings subject to geomorphological inand its application.
stability. This has been carried out by: (a) historical and bib- Itis known that many definitions of “state of activity” exist
liographical research of past instability events; (b) analysisbecause that has an extremely important applicative matter.
of thematic maps in order to identify areas affected by insta-Without listing all the wide bibliography about this issue, in
bilities. our researches, the criterion used by PTCP Hydrogeological

In a second step, past instability events have been studietfazard Maps of Provincia di Modena (2006) and confirmed
through interpretation of aerial photographs, satellite imagedy Provincia di Modena (2009) to define the state of activity
and maps of different scales and time periods as well as fiel@f instability processes has been adopted because it has direct
surveys accompanied by enquiries among local inhabitants.law effects on the territorial planning of municipalities (see

The third and final step has produced, for each one of the>€ct- 3 and Table 1). o _
study areas, a geomorphological map and a database con- !N order to identify the activity of the phenomena which
taining: the location of the study area (the administrative©ccurred within the 30-yr limit (which separates “active”
location, the hydrographical basin, the topographic maps afrom “dormant” processes), the data from the first two steps
different scales and the aerial photographs/satellite imagesff the methodology have been used. _
geological/geomorphological data acquired from all biblio- Another important aspect has regarded the relative “old”
graphic sources, information achieved through interpretatior?9€ Of the topographical base map used in our researches
of aerial photographs/satellite images and field survey, com{Regional Technical Map of the Emilia Romagna Region,
ments and considerations. Differences found between the g&¥TM, at the scale 1:5000). In that topographic base it was
omorphological map and the PTCP Hydrogeological Hazarddifficult to map instability processes, particularly their loca-

Maps (Provincia di Modena, 2006) have been highlightedtion and current extent; in fact, the most recent topographic
and the complete index of all documents produced (mapsbase available is the edition of the RTM edited at the begin-

geological profiles, photographs, etc.) has been added. ning of the 20(_)05. Itis a planimetric _updat(_a _ofjust the s_tru_c—
Practical remarks, regarding some important aspects th tﬁres and the infrastructures of the flrst-ed|t|oq RTM built in
came out during the'researches are listed below. at e 1970s. Therefore, the general representation of morphol-
. . ogy, of hydrography and of vegetation in the updated-edition
The effects of geomorphological hazard are essentlaIIyRTM corresponds to an old situation.
traceable back to geomorphological dynamics processes
and their deriving forms and deposits, distinguished also

Nat. Hazards Earth Syst. Sci., 12, 421430, 2012 www.nat-hazards-earth-syst-sci.net/12/421/2012/
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Fig. 3. Legend of the Geomorphological maps of the instability
case studies. (1) VLR — Arenarie di Vallorsara: arenaceous-pelitic
turbidites; (2) ABT — Formazione dell’Abetina Reale: marlstones
or calcarenitic turbidites; (3) AVC — Urit Argilloso-calcarea:
argillites; (4) MOD — Arenarie di Monte Modino: arenaceous-
pelitic turbidites; (5) APA — Argille a palombini: argillites with
marlstones; (6) MVT — Brecce argillose della Val Tiepido-Canossa:
breccias with clayey matrix; (7) lithological boundary; (8) torrent;
(9) edge of degradation and/or landslide scarp: (a) active — (b) dor-
mant; (10) landslide body: (a) active — (b) dormant; (11) unmap-
pable landslide; (12) surface affected by solifluction; (13) trench
or fissure; (14) gully; (15) abandoned river bed; (16) edge of tor-
rential erosion scarp: (a) active — (b) dormant; (17) area affected
by sheet erosion; (18) alluvial fan — dormant; (19) alluvial deposit
(mainly gravelly) more than 1 m thick: (a) active — (b) dormant;
(20) fluvioglacial, proglacial and alluvial deposit (Upper Pleis-
tocene and Lower Holocene); (21) chaotic deposit of periglacial
origin (thickness- 1 m), glacis-like at some places (Upper Pleis-
tocene); (22) check-dam; (23) slide-shaped check-dam; (24) artifi-
cial drainage; (25) containment wall; (26) edge of artificial scarp;
(27) productive site; (28) artificial area (I.s.); (29) artificial debris.

Fig. 2. Geomorphological map of the case study no. 1 in the valley
of the Leo Torrent (after Castaldini and Ghinoi, 2009 modified). For
legend see Fig. 3.

(no. 1 in Fig. 1). Along the river bed, gravelly alluvial de-
Comparing the results of field mapping with the topo- posits mainly crop out, while the slope is exclusively made
graphic base, degradation/landslide scarps have undergons alternations of shales and marlstones from the Argille
retrogressive evolution and hydrography has shown remarka Palombini Formation (Ligurian Units). Hydrogeological
able changes. Therefore, in order to map the instability scehazard processes are represented by active and dormant com-
nario, the most recent satellite and aerial images, coupleglex landslides, by areas affected by solifluction, by rill ero-
with GIS, have been of great help. sion and by erosional processes due to the Leo Torrent (see
Figs. 2 and 3).

The PTCP Hydrogeological Hazard Map of the same area
is shown in Fig. 4 where only dormant landslides are iden-

This chapter illustrates some selected case studies of geomdified. The mostimportant difference comparing Figs. 2 and
phological instability, in different areas of the Panaro River 4 iS the larger extent of the landslide at the eastern limit of
basin, comparing the data acquired by the authors throug® Study area; in fact, in Fig. 2 it covers also the north-

detailed studies with the data contained in the PTCP Hydro£astern ridge, mapped as bedrock by the PTCP Hydrogeolog-
geological Hazard Maps. ical Hazard Map and by previous geological maps (Gelmini

and Pellegrini, 1971; Amministrazione Provinciale di Mod-
5.1 Zone surrounding a productive area in the valley of ~ €na, 1973; Regione Emilia-Romagna, 2001; Regione Emilia-
the Leo Torrent Romagna — Servizio Geologico d’ltalia, 2002). According to
Castaldini and Ghinoi (2009) the ridge is a detrital deposit
The following example considers the instability affecting a belonging to the main landslide body. Concerning its state
productive area (Industria Macellazione Valle del Leo) lo- of activity, the most active sector is indeed the one occu-
cated on a fluvial terrace on the right flank of the Leo Torrentpied by the newly identified deposit: there, the houses show

5 Examples of instability case studies

www.nat-hazards-earth-syst-sci.net/12/421/2012/ Nat. Hazards Earth Syst. Sci., 12, 4230- 2012
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Fig. 5. Geomorphological map of the case study no. 2, S. Andrea
Pelago village (catchment of the Scoltenna Torrent). For legend see
Fig. 3 (after Panizza, 2009 modified).

on which the productive area is located, should have been
indicated by the PTCP Hydrogeological Hazard Map as “po-
tentially instable area” (see Table 1). After the flood event,
an artificial embankment has been built on the edge of the
fluvial terrace scarp in order to reduce the flood risk.

The analysis of the main cartographic differences between
the maps of Fig. 2 and Fig. 4 reveals a substantial underes-
/| timate, in terms of presence, location, state of activity and

extent of the instability phenomena, by the PTCP Hydrogeo-
Fig. 4. PTCP Hydrogeological Hazard map of the case study n. Liogical Hazard Map.

(Provincia di Modena, 2009). For legend see Table 1; purple line:

boundary of the Fig. 2 Geomorphological map. 5.2 Zone surrounding the S. Andrea Pelago village, in

the catchment of the Scoltenna Torrent

clear fractures and fissures caused, according to intervieW$he case study considered here regards the zone surround-
to locals, by slope movements. The middle sector of thejng the village of S. Andrea Pelago, on the left flank of the
landslide, according to other local witnesses, has been activgcgltenna Torrent (no. 2 in Fig. 1).
since the early Eighties; superficial and deep drainages has The area is located on a SE-dipping slope where
since then been reducing the magnitude of the movementsgcareous-marly turbidites and arenaceous-pelitic turbidites
Only the upper sector of the landslide has been considere(;jrop out. According to Panizza (2009) the area is mainly
dormant. characterised by a wide chaotic deposit of periglacial ori-
Two small active landslides, due to the lateral erosion bygin (see Fig. 5). These periglacial deposits are composed
the Leo Torrent, are mapped in the western sector of the studigy a chaotic assemblage of calcareous-arenaceous boulders
area, whereas the PTCP Hydrogeological Hazard Map idenmixed with remnants of argillite layers in a prevalently pelite
tifies, in that same sector, just dormant landslides. matrix. The thickness increases from 1-2 m in the upper sec-
Considering susceptibility to slope instability, special at- tor to more than 10 m down valley.
tention should be paid to the landslide active in the north-  Their origin is to be referred to the periglacial morphocli-
eastern sector, beyond the bridge across the Leo Torrent. Imatic environment which characterised this territory during
fact, its sudden, rapid reactivation, possibly triggered by thethe last glacial expansion, defined for this sector of the Apen-
torrent lateral erosion, could reactivate the entire landslidenines with the term “Tagliole” (Panizza, 2008): the absence
body, including its mid-upper sectors. or scantiness of vegetation along the slopes and the presence
As concerns the productive area, on the basis of the acef gelifluction, flow and mass movement processes favoured
quired data, it has never been affected by landslides moveby the seasonal presence of iced soil, cryoturbation and frost-
ments, while in the Seventies it was flooded by the Leo Tor-shattering, caused the degradation of the overhanging reliefs
rent waters. In spite of this flood event, the fluvial terrace and a progressive accumulation of debris at their foot, as far

Nat. Hazards Earth Syst. Sci., 12, 421430, 2012 www.nat-hazards-earth-syst-sci.net/12/421/2012/
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Fig. 7. Panoramic view of the slope of S. Andrea Pelago which is al-
most completely covered lylacisperiglacial deposits. In the fore-

Fig. 6. PTCP Hydrogeological Hazard map of the case study no. 24:4nq the village of Pievepelago and the Scoltenna Torrent (photo
(Provincia di Modena, 2009). For legend see Table 1; purple Ilne:by M. Panizza).

boundary of the Fig. 5 Geomorphological map.

as the valley floor. In this way, a sheet of chaotic debris §
was formed which covered more or less homogeneously th
slope of the S. Andrea Pelago area, thus, obliterating most
the pre-existing morphology; just some rocky spurs emerged
from this detrital sheet. :
Landslides (mainly earth flows) which have been affect- [
ing the periglacial deposits are isolated dormant slope move-
ments, spatially far smaller than the periglacial deposit itself £
(Panizza, 2009). Some of these mass movements partiall\§
affect the village of S. Andrea Pelago causing its partial in-
stability.
The interpretation proposed by Panizza (2009), thanks to
a detailed geomorphological study and the knowledge of the
local morphoclimatic evolution of the landscape, has led to
a morphological picture substantially different from the one Fig. 8. Quick-Bird satellite image of the case study no. 3 in the
given by the PTCP Hydrogeological Hazard Map (Fig. 6).  valley of the Tiepido Torrent. Copyright: Digital GlobeTM, 2003,
In fact, while the PTCP Hydrogeological Hazard Map Telespazio per I'ltalia.
identifies a wide, unique dormant landslide, that led to clas-
sify the village of S. Andrea Pelago as an “Area at high hy-
drogeological risk”, the Panizza (2009) interpretation reveals5.3 Area surrounding a tile factory in the valley of the

a highly reduced slope instability extent in favour of a wider Tiepido Torrent
relict deposit whose genesis dates back to a morphoclimatic
environment not present anymore. The following example considers a productive area (the tile

The geomorphological convergence of the periglacial de-factory Ceramica Serra), located on a river terrace, in the val-
posit with a landslide deposit (Fig. 7) has led to a differ- ley bottom of the Tiepido Torrent (no. 3 in Fig. 1).
ent interpretation the authors of Provincia di Modena (2009) On the left side of the valley, marls and clayey marls of the
and other previous authors (Annovi, and Simoni, 1993; Re-Antognola Formation crop out. The interpretation of aerial
gione Emilia-Romagna — Provincia di Modena, 1998; Re-photographs, of satellite images (Fig. 8) and field surveys
gione Emilia-Romagna — Servizio Geologico d'italia, 2002). have allowed us to reconstruct the geomorphological insta-
In this case study, the PTCP Hydrogeological Hazardbility processes that affect the study area.
Maps overestimate the instability picture of the S. Andrea On the aerial photographs dated 1954/55, a wide river ter-
Pelago village. race can be detected (on which the productive area has been
built later on) on the left hydrographical side of the Tiepido
Torrent. The torrent flows in a wide bed, braided and almost
at the terrace level (which can therefore be flooded in case

www.nat-hazards-earth-syst-sci.net/12/421/2012/ Nat. Hazards Earth Syst. Sci., 12, 4230- 2012
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Fig. 9. Geomorphological map of the case study no. 3 in the valley Fig. 10. PTCP Hydrogeological Hazard map of the case study no. 3
of the Tiepido Torrent. For legend see Fig. 3. (Provincia di Modena, 2009). For legend see Table 1; purple line:
boundary of the Fig. 9 Geomorphological map.

of high waters). Upslope the alluvial terrace, several active o o )
earth-flows occur. In particular, inside the main impluvium, a Mass-movement reactivations. The artificial scarp behind the

long earth-flow is present whose toe has partially covered thdactory is occasionally affected by soil slips whose material
alluvial terrace with a lobe that resembles that of an alluvial©@n e rapidly removed. The Tiepido Torrent has changed its
fan. pattern from braided to monocursal, deepening its bed since
. 40 yr (Pellegrini and Zarotti, 1975; Gasperi et al., 1979). The
On the aerial photographs dated 1973, the structure of the . o .
Coramion Serrapwas glregdy present; in order to build it thelcjata from Castaldini and Ghinoi (2007b) show that the river
S ’ : . ' .+ bed mapped on the RTM is actually a paleo-river and that
toe of the slope behind it and the toe of the still active earth the current river bed flows shifted eastwards and 5m deeper.

flow were cut: on the Tiepido terrace, on the east side of th . )
road, three deposits can be identified, made of debris pr(;:‘_I'herefore, it can be safely concluded that fluvial processes

duced by those construction works. The Tiepido Torrent hasconnected to the Tiepido Torrent (floods and undercutting)

a bed far more narrow and deeper than that dated 1954/5&O not represent an hazard for the Ceramica Serra.
but it keeps some braided traits.
On aerial photographs dated 1988/89 and 1994, the to@ Conclusions
of the earth-flow (still active), that lays on the terrace close
to the factory, has been completely removed; the debrisThis contribution has shown, through some examples, that
has been used to build the storage area for the tiles. Th#e current instability processes sometimes do not com-
Tiepido river-bed has shifted south-eastwards and it is narpletely correspond (concerning presence, location, state of
rower, deeper and not braided. activity and/or extent) with those mapped by PTCP Hydro-
The current instability scenario is shown in the geomor- 9eological Hazard Maps (Provincia di Modena 2009), which
phological map (Fig. 9). In particular, the slope on the north-is the document used by the Province Administration for its
western side of the factory is characterised by several acterritorial planning.
tive soil-slips that are conveyed inside the impluvia, creating The differences found between the detailed geomorpho-
earth-flow tongues. logical mapping of the described case studies (as well as
The landslides mapped in the geomorphological map ardor other investigated areas) and the PTCP Hydrogeological

more numerous than those mapped in the PTCP Hydroged?'azard Maps can be ascribable to the following causes:
logical Hazard Maps (Fig. 10) (Provincia di Modena, 2006,
2009) and in former publications (e.g., Regione Emilia-
Romagna, 2003; Regione Emilia-Romagna — Servizio Ge-
ologico, Sismico e dei Suoli, 2006) and, therefore, the insta-
bility scenario needs to be carefully considered.

In fact, to mitigate the hydrogeological risk towards the
tile factory, a network of superficial drains (which can be
seen in Fig. 8) has been constructed on the slope behind 2. the updating of the instability inventory of the Emilia-
in order to reduce waters infiltration, the principal cause of Romagna Region is carried out through “occasional and

1. the PTCP Hydrogeological Hazard Maps derive from
the instability inventory of the Emilia-Romagna Region,
which is in turn derived from the Regional Geological
Cartography; in the latter, morphogenetic processes and
deposits have been given a secondary importance with
respect to lithology and tectonic-structural elements;
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