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SUMMARY

The objective of this deliverable is to review tt@rent practices, regulations and codes in
Europe for landslide mapping, susceptibility, hdzand risk assessment.

The contents of this deliverable refer to the éxggtofficial practices that are currently

promoted or applied by administration offices, ggital surveys, and decision makers
(hazard and risk assessment procedures, regulaimhgodes). The reported countries and
territories are: Andorra, Austria, France, Italyelésted river basins), Romania, Spain
(Catalonia), Switzerland and United Kingdom.

New research developments in both qualitative amanttative landslide hazard and risk
assessment are not considered here and will bedreadeliverable D.2.4.
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1 INTRODUCTION

In Europe, various methodologies are being appgbedandslide hazard and risk assessment.
Before proceeding with the preparation of guiddifer landslide susceptibility, hazard and
risk it is necessary to review those procedures$ #ma currently applied by geological
surveys, administration offices and decision makgrscedures, regulations and codes).

The terminology used for the description of theated hazard and risk often varies from
procedure to procedure. The terminology used haredch country and case study (Sections
3 and 4) is the original one, as used by the ailtb®finstitutions that applied it. However, it
has been necessary to include a terminology se€8ention 2), for the comparison of the
procedures and their products (Sections 5 and 6).

Sections 3 and 4 describe the hazard and riskipeactrespectively, in some selected case-
studies in Europe. It has to be mentioned thahe European context only a few of risk
procedures are applied officially by administraipmstitutes or decision makers.

In Section 5, a comparison is made in view of hdzassessment practices and risk
acceptability criteria. Section 6 is dedicated tdgline the common points and the existing
gaps and to put into light the necessary stepsa footential harmonisation of the hazard and
risk assessment procedures.
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2 GLOSSARY OF TERMS
2.1 LANDSLIDE RISK

The terminology used in this deliverable is thaggested in D.8.1 with three additions
(exposure, magnitude and residual risk), baseth@mollowing references:

Fell, R., Corominas, J., Bonnard, C., Cascini, lLeroi, E., Savage, W.Z., and on
behalf of the JTC-1 Joint Technical Committee ondslides and Engineered Slopes
(2008): Guidelines for landslide susceptibility,zhed and risk zoning for land use
planning. Engineering Geology, Vol. 102, Issues ,h 34 Dec., pp 85-98.
DOI:10.1016/j.engge0.2008.03.022

Technical Committee 32 (Engineering Practice okRissessment and Management)
of the International Society of Soil Mechanics akotechnical Engineering
(ISSMGE): Risk assessment — Glossary of terms.
http://www.engmath.dal.ca/tc32/2004Glossary Drafil.

Definitions of the main terms are:

Annual Exceedance Probability (AEP)- The estimated probability that an event of
specified magnitude will be exceeded in any year.

Consequence- The outcomes or potential outcomes arising froendccurrence of a
landslide expressed qualitatively or quantitatiyefy terms of loss, disadvantage or
gain, damage, injury or loss of life.

Danger — The natural phenomenon that could lead to dandeggribed in terms of
its geometry, mechanical and other characterisfibs. danger can be an existing one
(such as a creeping slope) or a potential one (aschrock fall). The characterization
of a danger does not include any forecasting.

Elements at risk — The population, buildings and engineering wor&spnomic
activities, public services utilities, infrastructuand environmental features in the area
potentially affected by landslides.

Environmental risk — There are many definitions of this term dependimgthe
context. To be defined explicitly when used in é&and deliverable.

Exposure — The temporal-spatial probability of the elemeatsrisk within the
landslide path.

Frequency — A measure of likelihood expressed as the numbeccurrences of an
event in a given time. See also Likelihood and Bbdly.

Hazard — A condition with the potential for causing an asuable consequence. The
description of landslide hazard should include tbeation, volume (or area),
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classification and velocity of the potential landes and any resultant detached
material, and the probability of their occurrendéhwm a given period of time.

Individual risk to life — The risk of fatality or injury to any identifiadl(named)
individual who lives within the zone impacted byetlandslide; or who follows a
particular pattern of life that might subject him leer to the consequences of the
landslide.

Landslide inventory — An inventory of the location, classification, uale, activity
and date of occurrence of landsliding.

Landslide activity — The stage of development of a landslide; predfailvhen the
slope is strained throughout but is essentialhadnt failure characterized by the
formation of a continuous surface of rupture; gadtsre which includes movement
from just after failure to when it essentially sip@nd reactivation when the slope
slides along one or several pre-existing surfadesupture. Reactivation may be
occasional (e.g. seasonal) or continuous (in wbade the slide is “active”).

Landslide intensity — A set of spatially distributed parameters relatedthe
destructive power of a landslide. The parameterg beadescribed quantitatively or
qualitatively and may include maximum movement uilg total displacement,
differential displacement, depth of the moving mas=ak discharge per unit width,
Kinetic energy per unit area.

Landslide magnitude — The measure of the landslide size. It may bentifasively
described by its volume or, indirectly by its ar@ae latter descriptors may refer to
the landslide scar, the landslide deposit or both.

Landslide susceptibility — A quantitative or qualitative assessment of the
classification, volume (or area) and spatial dttion of landslides which exist or
potentially may occur in an area. Susceptibilityyna#gso include a description of the
velocity and intensity of the existing or potentedsliding.

Likelihood — Used as a qualitative description of probabiityrequency.

Probability — A measure of the degree of certainty. This meakas a value between
zero (impossibility) and 1.0 (certainty). It is astimate of the likelihood of the
magnitude of the uncertain quantity, or the likebd of the occurrence of the
uncertain future event.

There are two main interpretations:

(i) Statistical-frequency or fractior The outcome of a repetitive experiment of sonmel ki
like flipping coins. It includes also the idea afulation variability. Such a number is
called an “objective” or relative frequentist prbilay because it exists in the real
world and is in principle measurable by doing tkpeximent.
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(i) Subjective probability (degree of belieh Quantified measure of belief, judgment, or
confidence in the likelihood of a outcome, obtairteg considering all available
information honestly, fairly, and with a minimum bfas. Subjective probability is
affected by the state of understanding of a progedgement regarding an evaluation,
or the quality and quantity of information. It majange over time as the state of
knowledge changes.

- Qualitative risk analysis— An analysis which uses word form, descriptivéwemeric
rating scales to describe the magnitude of poteatiasequences and the likelihood
that those consequences will occur.

« Quantitative risk analysis — An analysis based on numerical values of the
probability, vulnerability and consequences, argliiteng in a numerical value of the
risk.

- Residual risk— the degree of existing risk given the presendsotf stabilization and
protection measures.

- Risk — A measure of the probability and severity of alvesise effect to health,
property or the environment. Risk is often estirdag the product of probability x
consequences. However, a more general interpnetafioisk involves a comparison
of the probability and consequences in a non-proftbum.

- Risk analysis— The use of available information to estimate rikk to individuals,
population, property, or the environment, from hedga Risk analyses generally
contain the following steps: Scope definition, hdzadentification, vulnerability
evaluation and risk estimation.

- Risk assessment- The process of risk analysis and risk evaluatibn.some
communities (for instance those dealing with floadk assessment differs from risk
evaluation by the fact that it includes subjectgpects such as risk perception.

- Risk control or risk treatment — The process of decision making for managing risk,
and the implementation or enforcement of risk matiigh measures and the
reevaluation of its effectiveness from time to tjrasing the results of risk assessment
as one input.

« Risk estimation — The process used to produce a measure of thé dévesalth,
property, or environmental risks being analyzedskRestimation contains the
following steps: frequency analysis, consequenedyais, and their integration.

- Risk evaluation — The stage at which values and judgments enterdéuision
process, explicitly or implicitly, by including ceieration of the importance of the
estimated risks and the associated social, envieotah and economic conseguences,
in order to identify a range of alternatives formaging the risks.
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Risk management- The complete process of risk assessment andaigkol (or risk
treatment).

Societal risk — The risk of multiple fatalities or injuries in @ety as a whole: one
where society would have to carry the burden o&rads$lide causing a number of
deaths, injuries, financial, environmental, andeotlbsses.

Susceptibility — see Landslide susceptibility.

Temporal—spatial probability — The probability that the element at risk is ie Hrea
affected by the landsliding, at the time of thedsiide.

Tolerable risk — A risk within a range that society can live wéth as to secure certain
net benefits. It is a range of risk regarded as-megligible and needing to be kept
under review and reduced further if possible.

Vulnerability — The degree of loss to a given element or setevhents within the
area affected by the landslide hazard. It is exgg@®n a scale of O (no loss) to 1 (total
loss). For property, the loss will be the valudghef damage relative to the value of the
property; for persons, it will be the probabilityat a particular life (the element at
risk) will be lost, given the person(s) is affecteglthe landslide. Vulnerability could
also refer to the propensity to loss (or the prdlgtof loss), and not the degree of
loss.

Zoning — The division of land into homogeneous areas onaips and their ranking
according to degrees of actual or potential laddstiusceptibility, hazard or risk.

2.2 LANDSLIDE CLASSIFICATION

It is important that those carrying out landslidepping use consistent terminology to
classify and describe the landslides. It is reconued that the classifications of Cruden and
Varnes (1996) are used for landslide classificaitio8afeLand:

Cruden, D.M., and Varnes, D.J. (1996): Landslidpety and processes. In: AK.
Turner and R.L. Schuster, Editors, Landslides: s$tigation and Mitigation, Special
Report Vol. 247, Transportation Research Board,iddat Research Council,
Washington DC.
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3 HAZARD ASSESSMENT PRACTICES

In this section a review of some methodologies #natofficially applied for landslide hazard
assessment in Europe is presented. The procedhatesreé reported here and their outputs are
accepted by national, regional, or local authaif@ urban and land use planning, even if, in
some cases, they are not established legally. &dr eountry or region, initially the general
context in which the hazard assessment is perfoimééscribed (area, past events, general
concepts and purposes for the hazard assessmentylenwing this, some important points
of the used methodologies and/or outputs are @atl{purpose of the document, users of the
document, type of the document, scale, type anchamsms of landslides, basic documents
required, methodology, hazard matrix, hazard lewedsd legends, zoning, recommendations-
restrictions).

In some cases, the policies for hazard assessmerdpalied at a national level (Andorra,
Austria, France, United Kingdom and Switzerland)l @amsome other only regionally (River
Basins in Italy and Catalonia in Spain).

3.1 ANDORRA

(contributor: UPC)

A summary of the actions undertaken in the Pridtipaf Andorra for landslide hazard
assessment and risk management is found at Corer(2087). The efforts of the Andorran
administration in natural hazards management bagame early eighties. In June 1980 the
Consell General (Government Council of Andorra)npoted a hazard regulation for building
in places threatened by snow avalanches, rock, fatld torrential activity. The resolution
foresaw the preparation of an inventory of hazandd the possibility of the suspension of
building permits in the identified threatened siteowever, the building restriction was
seldom put into practice because the comprehehsizard inventory was completed only for
the snow avalanche phenomenon. In October 198% tasting for several days triggered a
landslide in a quarry located next to the road aoMassana. About 50,000°rof rock slided
down and hit several cars. Three people died & ¢pisode and the Valira del Nord valley
and all its villages remained isolated for severe¢ks.

The first global initiative in the domain of thentdslide hazard assessment and prevention was
the natural hazards maps at 1:25,000 scale, whidhded landslides, torrential floods and
flood-prone areas. In 1989 the first sheet covetiregValira d’Orient and Gran Valira valleys
was completed, and in 1991 that of Valira del N@@drominas et al. 1990). In the year 2001,
a new landslide hazard map at 1.5,000 scale wasapé which has become a basic
document for the development of building codes land use regulations. Depending on the
hazard level assigned, private developments mustisehe necessary stabilization and/or
protective measures in order to obtain buildingwptsr in the threatened areas. The map has
given way to more detailed studies at 1:2,000 saaléhe most conflicting areas of the
Principality and to the execution of remediatiowjpcts and development of strategies for
living with risk. On December 2001 the Plan wadaondily published (BOPA, number 105,
12/12/2001) and public audience and amendmentgearas open until February 2002. The
Administration has made the population aware ofekisting level of hazard by informing
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the municipalities, promoting open informative s&3s and by publishing it as a decree in
the official journal in August 2001. By asking doeents such as Acknowledgement Form
(AF) and Technical Report (TR) to the developeng Administration guarantees that the
potential hazard has been taken into account aatdetther protective or remedial measures
will be implemented. In case of completion of the &nd the subsequent protective works,
the Administration will deliver the correspondingilding permits.

Name of the document

Geohazard Plan (Zonificacio del Territori RelatavdRiscos Naturals Geologics- Geotécnics.
BOPA, 1105, 12/12/2001)

Purpose of the document

The purpose of the Geotechnical and Landslide HiaZaning Plan of Andorra (hereafter
refer to Geohazard Plan) was to identify, locate assess the natural hazards along with the
geological and geotechnical constraints that mdgcaffuture construction works in the
Andorran territory.

Users of the document

The users of the document are the administratifieesf of Andorra that are responsible for
the land and urban planning. The hazard map igiated in a GIS, thus allowing the
knowledge of the type of hazard that threats aiquaatr site. Therefore, private owners and
developers of this site may know in advance whiadl kif technical report they will be asked
for.

Type of the document
The document is legally binding.

Scale

The scale of work was 1:5,000, which has enougaildet identify most of the existing and
potential hazards but it does not allow a propdinden of the landslide boundaries (both
source and runout area) for cadastral purposes.

Type of hazards. Type and mechanisms of landslides
The landslides considered here are: rock falld]@shalide, debris flow and large landslides.

Basic documents required
The basic documents for the hazard evaluation are:

- Topographical data: Official topographical maps &M,

- Geological data (geological maps and superficiahtions map),

- Landslide inventory (derived from chronicles ansiediter documentation, aerial
photointerpretation and field work).
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- Methodology

The preparation of the map involved several st€@dminas et al 2003): the assessment of
the potential slope failures and the estimationboth the landslide volume and runout
distance. The susceptible areas were defined baséloe presence of superficial formations
and threshold angles (shallow landslide and defbwiss), presence of steep slopes, open
cracks and menacing blocks (rockfalls) and mappedel landslides. In the identified
susceptible areas, landslide magnitude and frequelas determined in order to obtain the
hazard zoning map. For shallow landslides and ddlmws, frequency was taken as that of
the rainy episodes responsible for landsliding o@mnce in the past while for large landslides
the presence of activity indicators (deformed hogd and structures, tilted trees, open cracks
and recent scarps) was considered. Data requirdtafard assessment were introduced into
a GIS or derived directly from available Digital rfan Models. The assessment of intensity
and frequency for all landslide types was carriatlin a GIS at each susceptible cell. For
rockfalls, trajectographic analyses were perfor@ieselected slopes to obtain kinetic energies
and runout distances. As a result all cells weassified according to the considered hazard
matrix (presented in the following) and then thsuteant hazard zoning map was prepared
following criteria similar to those used elsewh@rateltin , 1997).

An extract of the map is illustrated in the follmgifigure.

/ HAZARD ZONING MAPl

Hazard degree :
B High
[ ] Medium
[ Jlow
[] Verylow
A (’ e "’ ’f‘ A

A e e B A Gl

2y <

Figure 3-1. Landslide hazard map of the Encamp ateh5,000 scale, obtained by overlapping of réadk
shallow slide, debris flow and large landslide haizenaps. In case of coincidence of different laigstypes in
the same site, the highest hazard class is shown.
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- Hazard matrix
The hazard matrix used was the one presented here:

Table 3-1 . Hazard matrix for rockfalls in Andorra

Frequency
(return periods) <40 yr 40-500yr; > 500 yr
High High High Moderate
> 10000KJ
2
& .
S Medium
= Moderate | Moderate Low
Low
<2000 KJ Low Low Very low
Non-susceptible Very low Very low| Verylow
areas

Shallow landslides and debris flow were all conedeas having low to moderate intensity
while large landslides were all considered as haipotential for high intensity.

. Hazard levels

The map has four hazard categories: (a) very lomwhich no potential hazard has been
observed; (b) low, in areas that may be affectedrogll-size slope failures with moderate-
high frequency and that can be mitigated at lowt;c0@$ moderate, corresponding to areas
where either frequent landslides of small magnitaddarge landslides with low frequency
may take place. Landslide countermeasures arebfeasind (d) high hazard is assigned to
areas where large landslides may reactivate oactree. Landslide countermeasures are not
feasible.

- Legends
The following legend is used.

Hazard degree :
I High

[ Medium

[ lLow

[ ] Very low

Figure 3-2. Legend used for hazard maps in Andorra

- Zoning, recommendations-restrictions

An administrative procedure has been establisheddtivering building permits taking into
account the hazard classes defined at the Landdlkidard Map (Corominas et al. 2003b).
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Different documents may be asked for new developsneninfrastructures according to the
degree of hazard of the site, which are synthesiz&dble 3-2. For areas classified as very
low landslide hazard, no specific document is rexgli For low hazard areas, the owner or
developer must fill a form of acknowledgement oé type of threat that may affect the
property. This form is signed by the engineer ochaect responsible of the project,
mentioning that the possible hazard has been taktenaccount for the project design. For
moderate hazard areas, besides the acknowledgémn@na technical report is required. This
report must include specifically the countermeasuahat will be undertaken in order to avoid
or mitigate the potential hazard along with anneation of the residual risk (particularly for
those events of large return periods). In this thzategory sensitive buildings such as
schools or hospitals are not allowed. Finally, icgh hazardous areas new constructions or
facilities are forbidden. A few exceptions are, leoer, envisaged. Warehouses with no
permanent activity, linear infrastructures (i.e.tevgpipes) that will not threat population or
the environment in case of failure, or roads withalternative corridors might be allowed
and, in this case, both acknowledgement form anbnieal document will be required to
justify technically the project

Table 3-2 . Administrative procedure for deliverimgilding permits

Hazard Category Documents required
Very low None
Low Acknowledgement form (AF)
Moderate AF + Technical report (TR)
High Building forbidden

Exceptions: AF + TR

The procedure lets open the possibility of autladin to build in high hazard areas if the
promoter provides the adequate technical studiewisly that countermeasures to avoid or
mitigate instability are feasible.

The landslide hazard map at 1:5,000, showed thatesareas subjected to an intense urban
pressure are considered of a moderate hazard. dfitisese areas correspond to either large
dormant or slow moving landslides or debris fanshwa defined debris source located
upstream. The characteristics of such landsliddeerttee completion of the AFs and TRs too
complex and costly for the private owners. In ortespeed up the whole procedure and to
avoid unnecessary delays in the urban developnig¢hedrincipality, the Ministry of Publics
Works commissioned detailed studies at severalslatel sites that have required further
landslide hazard analyses (Hurlimann et al. 20B&¢h study included landslide hazard maps
at 1:2,000 scale and a diagnosis of the degreeapéirtl; the location of the zones to be
avoided; the recommendations for building and easths; and the necessary protective
works for achieving an acceptable risk. All thesadges have been published in the official
journal of the Principality. In the areas where tlegailed studies have been performed by
either the administration or private promoters, fbRany specific development will simply
require the inclusion of the measures recommendethe detailed study. The relevant
landsliding events and actions undertaken by théofia government are outlined in Figure
3-3.

Grant Agreement No.: 226479 Page 1388
SafeLand - FP7



2.1 Rev. No:02
Overview of landslide hazard and risk assessmexttipes Date: 2010-05-25

i i i
i 1952 Floods and i i
i widespread landsliding i (083.1034.1007 i
RELEVANT i i RDEI;EEIH e:irents i
EVENTS : | . I
: 1987 \ itnpact on !
i LalMassana rock slide i i
i | i
------------------------
| i | | Rockfall Surveillance Plan
i | i
: _ i l Protective worlcs
i Landslide hazard i Foclkfall i
R R I I Py P
: ! \ | hazard map detailed studies g
| i || 1:5000 scale | | 1:2000 scale Systemns
; - |
i i i Public Audiences | | Public Hudimt}
________________________
I i
E i Eestriction to Land Building Landshide
COEDINANCES i i development hlanagement code zonation
: i (houndary ling) Law 2001 maps
i i 1998 2000 2002-2006
K i
: |
' !
Figure 3-3. Relevant landsliding evehts and actiodertaken by the Andorra government (Coromina6y20
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Detailed studies

The capital of Andorra, Andorra la Vella and itsgmbor urban area are situated at the toe of
the Sola d’Andorra rock wall. The slope presentingoortant rockfall activity which is made
obvious by the accumulated rock blocks on the taloge located at its base. Given that the
space for urban development is limited due to thenise relief of the area (located in the
East-Central Pyrenees), many buildings were badtr the area affected by rockfalls.

Figure 3-4. The Sola de Andorra and the urban a@faSanta Coloma and Andorra la Vella

Three rockfall events, one on December of 1983,an&anuary of 1994 and one on January
1997, caused the impact of rock blocks on buildingated at the foot of the slope. In the last
case a person was injured. The 1997 event forc#tetdndorran administration to undertake
several initiatives. The most important one wasRioekfall Risk Management Master Plan
(RFMP) of the Sola d’Andorra which was completedMay 1998 (Copons et al. 2004). The
RFMP defined an upper boundary line above whicHding is forbidden. The line was
published in the official registrar of the Prindipain 1998 (BOPA - Butlleti Oficial del
Principat d’Andorra, nam. 24, 27/5/98). And sinten it has been used by the Andorra
administration for authorization of new developnseniVhen the development line was
defined, some of the existing buildings were alyeadhin the exclusion area. For all the
cases, the RFMP considered the design of defergaeasa rock falls (Copons et al. 2000).
Details are given in the following.

« Name of the document

Pla Director davant de la caiguda de blocs roce@sés solana d’Andorra la Vella i Santa
Coloma (Rockfall Risk Management Master Plan (RFMP)
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It is officially registered at BOPA (Butlleti Ofial del Principat d’Andorra) num. 24, 27/5/98.

Purpose of the document

The purpose of the document was to support thenpigrof the hazard management due to
rockfalls and the application of proper protectimeasures for the risk mitigation in Sola
d’Andorra. Additionally, it was intended to establizones for the control of development in
areas threaten by rockfalls.

Users of the document

The document is used by the local authorities (Meri d’Ordenament Territorial del Govern
d’Andorra) to authorize the construction of struetiin rockfall prone zones (according to
document BOPA num. 61, 2/12/1998) and to promotastraction projects for their
protection (rockfall fences, barriers etc.). TheMAFis available to the public:

- online (http://www.bopa.ad), in catalan

- at the “Casa Comuna” (Town Hall) — original plans.

Type of the document

The RFMP includes rockfall hazard plans of the St#ndorra and the adjacent urban areas
(Andorra la Vella and Santa Coloma) with a limitdithat separates areas of high rockfall
hazard (where construction is not permitted) frormaa of low rockfall hazard (where
construction is permitted with restrictions) (Figus-5). It is legally binding for the issue of
construction permissions (BOPA num. 61, 2/12/1998).

rar

Figure 3-5. Extract from RFMP. The limit thaf seatws the high'from the low hazard zone is markéll avi
dark line.

Scale

The scale is 1:1,000.

Type of hazards. Type and mechanisms of landslides
Exclusively rockfalls are treated.
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Basic documents required
The basic documents for the hazard evaluation are:

- Topographical data: Official topographical maps BxitM,

- Geological data (lithological map),

- Joint sets

- Land use planning, existing buildings and othetlitaes,

- Thematic maps (rockfall sources, menacing blocks),

- Event catalogue (derived from chronicles, silerthesses in the field and disaster
documentation),

- Measurements of the distribution of block sizesaahple plots of the talus slope.

Methodology

Eurobloc methodology was used for the developmetiteoMaster Plan. It was developed by
Euroconsult and Eurogeotécnica consultant compameést consists of 4 main steps:

1. Location of rockfall sources and assessment ofrpiaierockfall volumes
2. Assessing frequency distribution of the rock blocks

3. Performance of trajectographic analyses for detetion of runout distances, height
of rebounds and kinetic energies of the blocks

4. Integration of the protective work in the trajeatghic analyses to determine the
residual hazard at the protected areas.

In the first step, different chutes have been ifiedtat the Sola area. Each chute has a source
and a depositional zone and particular rockfallagit characteristics. For every chute a
thematic cartography is made (past rockfall soyrpesentially unstable rocks etc.) and a
volumetric analysis of the rock blocks. Then, tla¢unal conditions of terrain are mapped, to
be used for the calibration of the simulation medelvaluation of the restitution coefficient
etc.)

During the elaboration of the obtained field datitribution of the rock volumes that may
reach the exposed elements (persons, houses) amdclfall activity are determined. It has
been observed that the rocks that reach the pimtefences in the area are slightly greater
than the deposits situated nearer the slope sokocehis reason, a corrected volume is used
for the volumetric distribution of the rocks thaaynreach the protection fences.

4Vt + Vv
Ve=—-——
5
where:
Vc: corrected volume
Vt: volume of rocks at the deposit (measured)

Vv: volume of rocks at the rockfall source (evakdit

The volumetric study as well as the one of the fatlkactivity is made for each unit
separately.
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The three-dimensional simulation of the rock-pdtin,the determination of the energies and
the bouncing height of the fragmented rocks, is enad function of the volume. The
simulation is made using the software Eurobloc @zt al., 1997, Copons et al., 2000). The
range of simulated volumes is 0.5-16. Mhe input data are the DEM, the block volume, the
rockfall source and the terrain typology (roughieasd the existing vegetation. The
calibration of the terrain parameters is made ufgld data from past events. The trajectory
analysis provides results for the run-out zone déach volume, the three-dimensional
distribution of the energy of the rocks and the banof blocks for each energy level that can
be captured by a protection fence of a certainightisn capacity. This permits the
calculation of the number of rocks that are nadiretd by the protection measures and reach
the urban area. The protection level Gp is equah&r percentage of the rocks that are
retained.

After the installation of protection measures thgidual hazard is calculated as:
Pr=F (100- Gp)
10C
Where
Pr: residual hazard
Fe: frequency of events (events/m)

Gp: protection level

Hazard matrix
No hazard matrix is applied here.

Hazard level

Legends

Boundary line that separates dgpagble from non-developable zones

Zoning

There exist three zones (Altimir et al., 2001):

1. Zone above the boundary line of the RFMP. Caotitin is not allowed.

2. Zone with exposed elements below the boundaeydf the RFMP. Construction is
permitted only if sufficient protective measuresséx

3. Zone with non-exposed elements below the boynliae of the RFMP. Construction is
permitted without restrictions.
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Figure 3-6. Sketch of development zoning in theoAada Vella — Santa Coloma area with both the
proposed development restriction and the proteat@asures: 1 - Protection embankments and fences; 2
Buildings; 3 — Plots non-developable; 4 — Develdpatiots with protective structures required; 5 —

developable plots without restrictions (from Copensal. 2004)
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3.2 AUSTRIA

(contributor: JRC)

In Austria, six major organisations operating atioreal level collect data on landslides and
publish various types of landslide-related maps {hventory maps, susceptibility maps and
hazard maps) and databases (Schweigl and Hervé@®).2Uhese organisations are the
Austrian Service for Torrent and Avalanche Con{Fadrsttechnischer Dienst, Wildbach- und
Lawinenverbauung, WLV), the Geological Survey ofs&ia (Geologische Bundesanstalt,
GBA), Joanneum Research, AlpS (Zentrum fur Natwigefhmanagement), the Austrian
Railways (Osterreichische Bundesbahnen, OBB), dra& Austrian Highway Company
ASFINAG. Apart from these organizations landsliégéated maps have also been produced
by geological surveys of different federal statesl ainiversities. Table 3-3 provides an
overview of the different types of landslide-retht@aps produced by various administrations
in Austria. Landslide inventory maps and suscelitypimaps are most common. Their
coverage, scale, content (and map legend), spa#iptesentation (symbology) and
accessibility differ from one another.

In the Austrian legislation, multiple regulationghvrespect to natural hazards exist (e.g. Fig.
1 in Holub and Fuchs, 2009). With regard to thdemtion of landslide data, the state law,
Forschungsorganisationsgesetz BGBI, Nr. 47/200Qulages that this is the task of the
Geological Survey of Austria (GBA; Schweigl and s, 2009). They have a large Mass
Movements (Massenbewegungen) database, of whighsesof 860 occurrences is available
online (http://geomap.geolba.ac.at/MASS/index.cfm).

With regard to landslide hazard, the most importatitle at the federal level is the Austrian
Forest Act of 1975. On the Lander level, therelaves regulating spatial planning and land
use planning that also have to take account oflades and other natural hazards.

As stated above, the most important legal Docunmfentdelimiting hazard zones are:

- The Austria forest law (national legal act): Rbeiiki Osterreich: Abschnit I, forstliche
Raumplannung, des Forstgesetzes (in 88 7, 8 antiol’s), BGBI. 440/1975, 1975;

- The Austrian hazard zone regulation (associataniest): Republik Osterreich: Verordnung
des Bundesministers fur Land und Forstwirtschaftmv@®0. Juli 1976 “Uber die
Gefahrenzonenplane, BGBI. 436/1976, 1976; and

- Different spatial and construction laws (Raumantysgesetze und Bauordnungen) of the
nine federal states.

The Austrian Forest Act (8 8b) of 1975 prescribbse telimitation of hazard zones in
catchment areas susceptible to natural hazardsasutirrential floods or avalanches (Forest
Act 8§ 99) and areas reserved for mitigation measure§ 11, the compilation of hazard maps
and the involvement of communes and populationegalarized.
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The contents and designs of these maps (officisienaHazard Zone Plan in Torrent and
Avalanche Control) are specified by the decree @atal to the Forest Act. According to §
5(2) of this Decree on Hazard Zoning, all availatd¢éa and information on natural hazards as
well as interactions between individual hazard psses have to be considered during the
compilation of hazard maps. Furthermore, interfeesrwith the human environment, such as
infrastructure facilities and settlements have ® thken into account. Hazard maps are
usually based on the area of an individual commureind should be compiled in a
reproducible manner to allow for validation duritite approval process by the Federal
Ministry of Agriculture, Forestry, Environment aNdater Management (BMLFUW) (Holub
and Fuchs, 2009).

Responsitble by law The Austrian Service for Torrent and Avalanche nttal
(Forsttechnischer Dienst, Wildbach-und Lawinenvetdrs, WVL) an office of the Federal
Ministry of Agriculture, Forestry, Environment akdater Management (BMLFUW).

More information on WVL can be found in Schweigbatrervas (2009; p.21 first paragraph).

To ensure that throughout Austria the same rulesused for hazard mapping a special
experienced responsible (Gefahrenzonenplanrefererghtitled within each section of the
WVL (Bundesministerium fur Land- und Forstwirtschalmwelt und Wasserwirtschatft,

2006).

A description of the Hazard Zone Plan in Torrerd &walanche Control follows:

Name of the document

The Hazard Zone Plan in Torrent and Avalanche ©@bntr
(Der Gefahrenzonenplan des Forsttechnischen Denstéir Wildbach- und
Lawinenverbauung)

Purpose of the document

The main objective of the document is the hazargpimg for floods, avalanches and debris
flows. The secondary objective is the landslidecepsbility mapping (there is no nation-
wide hazard map for landslides other than deboisd). Both documents are finally placed on
the same map.

Users of the document

The documents should be used by all administrdiogies. WVL makes the maps available
to the municipalities as the competent authorif@slocal land-use planning, construction
planning and safety planning.

! The WVL is only responsible in the upper partshef catchments and the Federal Water Engineering
Administration is responsible for the lower partsh® catchments.
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Table 3-3. Availability of landslide maps in Auatri

(modified from Schweigl and Hervas, 2009)

Organisation Maps produced Coverage Scale Date Accessibility
Digital (D) or Paper (P) Created
Austrian Service for Landslide inventory (D, P) National 1:50,000 - 1:25,000 Since 1975 Restricted
Torrent and Avalanche
Control (WLV) Hazard maps National 1:5000 - 1:2000 Since 1975 Public
Geological Survey of Landslide inventory (D) National 1:25,000 - 1:50,000 Since 2002 Restricted
Austria (GBA) Landslide inventory (D) National 1:300,000 Since 2005 | Public (web)
(selected
landslides)
Landslide susceptibility (D) Regional 1:50,000 - 1:750,000 | Since 2005 Restricted
Landslide hazard (D) Local 1:10,000 Since 2006 Restricted
Joanneum Research Landslide inventory (D) Local 1:25,000 Since 2001 Restricted
(Styria, Tyrol)
Landslide susceptibility (D) Local 1:5000 - 1:50,000 Since 2001 Restricted
AlpS Landslide inventory (D) Regional 1:200,000 Since 2005 Restricted
(Tyrol and
surroundings)
Austrian Railways No inventory, single reports | National:
(OBB) railway buffer
zone
Landslide susceptibility (D) National: 1:25,000 2007 - 2008 | Restricted
railway
corridors only
Landslide susceptibility (D) National: 1:5000 - 1:10,000 2008 - 2010 | Restricted
railway
corridors only
Geological Survey of No inventory, single reports
Burgenland Landslide susceptibility () | Burgenland | 1:25,000 2005-2009 | Restricted
Federal State
Dept. of Bridge and No inventory, single reports | Local Restricted
Civil Engineering,
Vienna Federal State
Geological Survey of Landslide inventory (D) Lower Austria | 1:50,000 2002 -2009 | Restricted
Lower Austria Federal State
Landslide susceptibility Local 1:50,000 2008 Restricted
-heuristic- (D)
Landslide susceptibility, Federal State 1:25,000 2009 -2013 | Restricted
-statistical- (D)
Construction Group, Inventory only for slides (D) | Styria 1:1000 - 1:5000 Since 2007 Public
GIS Department, Federal State
Styria Federal State
Geological Survey of Landslide inventory (D) Carinthia 1:50,000 Since 2003 Restricted
Carinthia Federal State
Landslide susceptibility Federal State 1:50,000 Since 2007 Restricted
-heuristic- (D)
Landslide susceptibility Federal State 1:25,000 2008 - 2011 Partly public
-statistical- (D)
Geological Survey of Landslide inventory (D) Upper Austria | 1:50,000 Since 2005 Restricted
Upper Austria Federal State
Landslide susceptibility Federal State 1:50,000 Since 2007 Restricted
-heuristic- (D)
Geological Survey of Landslide inventory (D) Salzburg 1:25,000 Since 2006 Public
Salzburg Federal State
Geological Survey of No inventory, single reports Local Restricted
Tyrol
Geological Survey of No inventory, single reports
Vorarlberg Landslide susceptibility Local 1:20,000-1:25000 | 1999-2003 | Restricted
-heuristic, statistical- (D)
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The documents are freely available in German atctremunal administrative authority, at
the district administrative authority, at the Proxal Government, and at the regional
headquarters of the Forest Engineering Servicement and Avalanche Control.

In some states (e.g. Styria) all data and mapsaeadable in a digital database. The other
states will follow. The mapping and digitalizatiai the whole Austria is planned to be

finished in 2010. Currently about 93% of the counis covered (F. Schmid, personal
communication, November 2009). Due to the fact fadtria is not completely covered with

digital hazard zone maps, the documents are ontpsignally used as an instrument for
safety planning and crisis management (Rudolf-Milkdad Schmid, 2004).

Type of the document
Hazard Zone Maps contain:

General Hazard Map (covering one community);

Detailed Hazard zone maps (showing the hazard zandsreserved areas for all
relevant catchment areas; based on the land regetdastre);

Written document presenting e.g. the results oalthassessment, the explanation for
the outlined hazard zones and the delineationeofetevant areas; and

Documents of the administrative process.

From a legal point of view, the hazard maps dohave any ordinance character; they do not
bind land use planners directly in their decisisimee the delimitation of hazard zones is not
a statutory regulation in accordance with the AastSuperior Administrative Court (VWGH
27.03.1995, 91/10/0090, Hattenberger, 2006; Kampa@6 cited in Holub and Fuchs,
2009).

Hazard maps are only legally binding for spatishnpling purpose if there is particular
reference in the individual spatial planning lawtlod individual Lander, e.g. the Tyrolean Act
on Spatial Planning explicitly addresses the ptaiacof areas suitable for building activities
against the adverse effects of natural hazards (@entTiroler Landesregierung, 2006 § 1
Abs. 2 lit. d).

Nevertheless, the content of hazard maps is intgrbmding for any administrative body in
terms of an order, in particular for the governmaénepartments of the Austrian Service for
Torrent and Avalanche Control (WLV) and the Fedét&dter Engineering Administration
(Hattenberger, 2006 cited in Holub and Fuchs, 2009)

Scale

General hazard map: 1/10,000 — 1/150,000
Detailed hazard zone maps: 1/2,000

Type of hazards. Type and mechanisms of landslides
Hazard maps are only created for debris flows.
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For slides and falls susceptibility maps are predudVe cite from the WVL “Hazards due to
landslides and rock fall are only visualized withassessing the intensity and frequency of
the events.”

Basic documents required

All available documents should be used (Rudolf-likand Schmid, 2004):

- Event catalogue (derived from chronicles, testiralsnin the field and disaster
documentation)

- Topographical data: Official topographical mapsiasdre (land register), terrain
models processed from remote sensing (laser scau)\ey

- Hydrological data (precipitation, run-off)

- Geological data (geological maps from the Geolddstavey of Austria)

- Land use planning

- Environmental planning

- Agriculture and forestry

- Nature protection area

- GIS of the federation and the provinces

- Special databases: WISA (Wasserinformationssystastria), HORA
(HOchwasserRisikozonierung Austria - Flood Risk @on Austria), etc.

- Digital torrent and avalanche cadastre

- Projects of the Austrian Service for Torrent andalanche Control

- Regional studies and surveys

Methodology

For landslide susceptibility maps (Schweigl andudsr 2009):
- Landslides are mapped in the field.
- An expert decides from fieldwork, literature reviewd historical archives whether an
area is susceptibility to landslides.
- Only two classes are distinguished: susceptibleraidusceptible to landslides.

For the hazard maps for floods, avalanches andisdébws (Important: Hazard zones are
only outlined in specific areas called “areas rat@wo land use planning”):

- Sites “relevant to land-use planning” are (1) aredwich are identified in the land
development plan as category “building land” [ggrely residential area, extended
residential area (mixed — residential and induisai@a), industrial area], and (2) areas
for which hazard zoning seems to be advantageoesadtheir location, their level of
development or any other function. (The criteria $electing the sites relevant to
land-use planning have to be justified briefly @xttdocuments related to the hazard
maps).

Hazard maps for floods, avalanches and debris femesierived from field survey (supported
by remote sensing methods and GIS data) and comgatalation:

- Hazard zoning is based on a design event with arnexace interval (RI) of ca. 150
years (i.e. all possible scenarios which are exggewtith a Rl of 150 years should be
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taken into account). A hazard is characterized ueet| when its probable RI lies
within a period of 10 years.

- The outlining of the hazard zones is normally domthe field. The outlines of the red
or yellow hazard zones (see below) represent tme-Isie of all possible hazard
scenarios that may occur or have to be consideithihvihe framework of the design.

Hazard zoning has to take into account not onlgadiilable data, information and

interactions concerning natural hazards, but atslaegering caused by human interventions,
that change and influence the balance of natuge gki areas, roads, settlement development,
pollution, climate change).

This means that if conditions (e.g. as a resultafctural measures) or their evaluation (e.g.
change in criteria for evaluation of the hazard na@isms) change in the catchment areas, the
hazard zone plan must be revised (Holub and FW®0R9), or as is written in the official
document: “If the underlying principles or theiradwation change, the responsible offices
must adapt the hazard zone plan to take the chasastitions into account.” (Excerpt from
the “Ordinance by the Federal Minister of Agricuéuand Forestry of 30 July 1976 on
Hazard Zone Plans, Fed. Law Gazette No. 436/1976").

Hazard matrix

The hazard matrix for floods, avalanches and ddlmvgs is qualitatively derived based on
expert knowledge (see Table 3-4).

Hazard levels
Five different levels are distinguished:

- Red: high hazard to floods, avalanches and delomsf

- Yellow: moderate hazard to floods, avalanches aiutisl flows

- Blue reservation areas: reserved for future primteeheasures by the WVL

- Violet reservation areas: areas that can be usegrasction due to their natural
properties, such as protection forests or natetehtion basins

- Brown: high landslide (slide and rock fall) susdetitity (no assessment of intensity
and frequency). Within the zones a letter indic#éitestype of landslides (i.e. R: slides;
and ST: falls)

Areas that do not lie within a hazard zone aresmptificantly endangered by natural hazard
although an influence cannot be totally excluded.

Legends

The legend refers to the hazard level. Five difielors represent five levels (See hazard
levels).
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Table 3-4. Criteria for red and yellow hazard zowessidering design or frequent event
(taken from Schmid, F., sd)

Criteria Recurrent design event Frequent event (1 to 10 times/year)

1) Stagnant water

water depth < 1,5 m water level mark HQ10 = 50 cm, HQ 1 < 20
cm

height of energy line < 1,5m |HQ10: height of energy line < 0,25 m
depth<1,5m runoff without erosion gullies, thus see no. 2!

2) Running water

3)Erosion gullies

4)Bedload-deposits

S)Post-failure slope

movement conse- —
erosion

6)Debris and earth
flows —

Retrogressive ero-
sion

take note of points 3 and 5 no assessment

Remarks:
ad. point 1): bog pools, ponds, wells, small synclines are not represented
ad point 5): - Reason for the width of the safety distance in the individual case

- In order to record and define post-failure slope movement areas a check-list is being worked
out

- Zoning, recommendations/restrictions
Five different zones exist:

- Red: all construction activities are forbidden

“Areas are threatened by torrents or avalanchesi¢b a degree that their permanent
use for settlement and traffic purposes is notiptessr only possible at unreasonably
high costs due to the anticipated damaging impécthe assessed event or the
frequency of the hazard.” (Except from the “Ordicarby the Federal Minister of

Grant Agreement No.: 226479 Page 24 88
SafeLand - FP7



2.1 Rev. No:02
Overview of landslide hazard and risk assessmexttipes Date: 2010-05-25

Agriculture and Forestry of 30 July 1976 on HazZahe Plans, Fed. Law Gazette
No. 436/1976").

This means an absolute ban on the constructioewfbuildings in red hazard zones.
Exceptions are only possible if existing buildingse modernized and this is
associated with an improvement of their safety.sTi@quires an “Application for

exemption from the consequences of an obstrucéagan”, which can be filled up at
the Department 1V/5 of the Federal Ministry of Agriture, Forestry, Environment
and Water Management through the competent regadfieé.

- Yellow: construction activities are allowed undegrtain conditions (damage of
objects is possible, but not high)

“Other areas threatened by torrents or avalananeghich the permanent use for
settlement or traffic purposes is strongly impai&sl a result of these hazards.”
(Excerpt from the “Ordinance by the Federal Minigié Agriculture and Forestry of
30 July 1976 on Hazard Zone Plans, Fed. Law Gaklett& 36/1976”).
Therefore, construction in yellow hazard zonesnly @ossible subject to stipulations
that are imposed within the scope of an individeapertise by the responsible
regional office in the course of the constructippraval procedure.

- Blue reservation areas: dedicated to implementsfore biological or technical
measures (e.g. protection dam)
Developments other than protection measures arallogted.

- Violet reservation areas: areas that can be useprasction due to their natural
properties, such as protection forests or natetehtion basins
Developments other than reservation areas for fimodng are not allowed.

- Brown: for development of such an area the buildiughority requires the expert
opinion of a geologist or another specialist irl s@chanics.
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3.3 FRANCE

(contributor: BRGM - CNRS)
Description of French RAM PPR
(extract of the RAMSOIL Project Deliverable; Mal2Q07).

Risk prevention plans (PPRN: Plan de PréventionRisques Naturels), established by the
law of February 2nd, 1995 imply a location of thdnerable zones exposed to the hazard.
The PPRN collects informative documents (a notpretentation, a localization map of the

phenomena, a hazard map and some statutory docur(rest zoning map at a scale of

1:10,000 or at 1:5,000 for the urban zones, aratjalation).

Inventory of processes

The Risk Assessment Methodology RAM consists finsthe elaboration of an informative
map of the natural phenomena. It represents opagtaphic map at 1:25,000, the observed
and known phenomena inventoried from archivesabphiotographs and field work.

Hazard map

The hazard map is established by a forward-loolkapgroach where areas where any
phenomena have been observed can be classifiedzarchzone. The map is constructed
through the combination of predisposing factorse Ehsceptibility of the site to landslide is
estimated by a qualitative approach and is consitlenaximal where all the unfavourable
factors (slope, lithology ...) are present.

The risk mapping using the hazard map and the iadditmap of major asset is described in
Section 4. Additional information is provided conueg the risk prevention at local and
regional level.

In the following a brief description of the PPRNpiesented.
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entation of the GISkflow for the PPR methodology

Figure 3-7. Schematic repres

- Name of the document
The PPRN (“Plans de Prévention des Risques Naturefsatural risks prevention plans).

« Purpose of the document

Risk mapping: PPRN (Plan de Prévention des Ristyasrels; 1995) - Zoning of the areas
at risk.

- Users of the document
Contractor: Ministry of Interior and Ministry of éhEnvironment, Prefect, Mayor.

Project manager: The prefect and more specifichly local state administration at
Department level. The ‘Instructor Service’ is orighe departmental service (DDE ‘Direction
Départementale de I'Equipement’ & CETE ‘Centre di@i#s Techniques de 'Equipement’,
DDA ‘Direction Départementale de I'Agriculture’ & IF-RTM ‘Office Nationale des Foréts
— Service de Restauration des Terrains en Montagnth) the assistance of public (BRGM)
or private technical and scientific companies.

Users: Municipalities, State organizations, Privagpanies...

- Type of the documents

The output documents constitute legal informatibime risk map is used as statutory support
in the decision of land zoning. It imposes limibats on the construction and the traffic in
areas at risk.
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Scale

The scale of the oficial ‘PPRN’ document is 1:1@0h some cases, maps at 1:5,000 scale
are produced in densely populated areas or in mouativironments.

Type of hazards. Type and mechanisms of landslides

The definition of the landslide mechanisms is niotally considered in the PPRN, and the
differentiation in landslide types is not obligatoin some cases, the inventory maps of
PPRN differentiate broad landslide categories (atk landslides, debris flow), in some

cases, the inventory maps do not give any indinatio general, the PPRN is more focusing
on the spatial susceptibility and the (possiblégesion of existent mass movements.

Basic documents required
Topography, lithology, soil map, landslide inventdand use and elements at risk (stake).

Methodology
The general methodology is based on a Qualitapyeaach (expert analysis);

Data are collected and analyzed through variousinigqoes: historical archives, field
observations, remote sensing techniques, GIS... @nbtisis of these data and expert
knowledge of the phenomenon/area, the expert pespthe maps.

Hazard matrix

The ‘PPRN’ methodology is not constructed usingaaand matrix. The hazard map is
established by a forward-looking approach in whackas where any phenomenon has been
observed can be classified in hazard zone. Theisnagnstructed through the combination of
predisposing factors. The susceptibility of the ¢a landslide is estimated by a qualitative
approach and is considered maximal where all tiavonrable factors (slope, lithology, ...)
are present.

Hazard levels

Four hazard levels are defined (low hazard, eg.mdgium hazard, eg. A2; high hazard, eg.
A3; very high or major hazard, eg. A4). The hazercls are assessed through a ranking in
terms of intensity.

The intensity is assessed qualitatively and imdiyethrough the estimation of (1) the
potential damage that can be caused by the sofithe danger or (2) the order of magnitude
of the possible cost of mitigation for a refereeeent of return period of 100 years.

Legends
Three zones are defined: Red zone, Blue zone aritk\&bmne.
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. Zoning

Red zones can concern zones where the measuresvehpon are impossible or too costly,
S0 no construction will be authorized.

Blue zones can concern zones where the measurpseeéntion are possible; thus new
construction are possible but under conditions.

White zones: no restrictions for any kind of bunigs.
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3.4 ITALY

3.4.1 General legal framework

(contributor: UNISA)
In Italy at the beginning of the 20th century the-called “hydrogeological hazards”
(including floods and landslides) were indirectbcaunted for in several national regulations
devoted to the management of river network and dwldr constructions (Royal Decree
523/1904) and to soil/forest protection in moundais areas (Law 445/1908; Royal Decree
3267/1923). These regulations generally imposel Ibogpings and land-use limitations to
specific areas or activities.
Following the 1966 severe flooding of Florence, &wownental Institutions became aware of
the need of basin-scale land-planning in order tevgnt further disasters through the
management of the hydrogeological risk. This letheoenactment of Law 183/1989 aimed at
“land protection, water resource reclaim, use amthagement of the water resources for the
proper economical and social development, safegofdite environmental issues”.
The Law establishes that the reference terrain igrtite “hydrographic basin” to which the
contents of the same Law have to be applied. Tllogvs: overcoming the fragmentation and
confusion related to land-planning using admintstealimits. The Basin Authorities (Figure
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3-8) are therefore the Institutions in charge athbjgrogramming and planning land policies
through the so-called “Basin Plans”.

LEGEND
Basin Authorities

LEGEND

[ Administrative Limits
of Regions

Basin Authorities

[ National

[ Inter-regional

[_] Regional

[ Pilot

0 100 200 300 400 Kilometers 0 100 200 300 400 Kilometers

Figure 3-8.(a) Distribution of the Basin Authorgi®ver the Italian territory; (b)Basin Authoritigistinguished
in National, Inter-regional, Regional (1 is Pilot)

Today, the ltalian hydrographical basins are digtished as: 11 national basins, supervised
by 6 National Basin Authorities; 18 inter-regiortasins, supervised by 13 Inter-regional
Basin Authorities; 17 “Regional” basins; 1 “Pildiasin (Figure 3-8).

The process leading to both flood and landslideatthzand risk zoning accelerated
immediately after the occurrence, in 1998, of auratdisaster, involving some portions of
the territory of the Campania region (Southerny)talhis disaster was originated by flow-
like fast-moving landslides and caused victims aodsiderable economic damage (Cascini,
2005a). Owing to the huge consequences of the etrenttalian Government referred to the
Scientific Community for the solution of several egtions, such as the residual risk
evaluation inside the towns threatened by the pmemna and the identification of other sites
affected by an analogous risk in the Campania re@@ascini, 2002; Cascini, 2004; Cascini,
2005b). Thanks to the obtained results, a few nwridier the Central Government
promulgated a Law (L. 267/1998) requiring the Ba&irthorities to zone the hydrogeological
risk using simple and rapid procedures.
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Risk zoning — and, within the territories of somasB Authorities, hazard zoning — was
firstly obtained all over the Italian territory (B@01 knf) for the “most at risk” areas
according to the Law 226/1999. Later on, within $wcalled “Hydrogeological Setting
Plans” Projects (Law 365/2000), hazard and riskirmprwvas updated according to criteria
given by the Central Government (D.P.C.M. 29/09/9B) assess the risk levels, general
instructions were furnished but no specific techh@dvice was suggested; this resulted in
different procedures adopted by each Authorityexgdained in the examples that follow.

The end-products of the Hydrogeological Settingh®lare often available on the websites of
the Basin Authorities; in most cases, they arelalbks on the “National Cartographic Web
Portal” (http://www.pcn.minambiente.it/mdSearchif). the same Web Portal all the data
acquired by the “Extraordinary Plan for Environma@nRemote Sensing” (Law 179/2002)
will be available in order to support all the demisbased processes dealing with the
hydrogeological risk.

Taking into account that hazard and risk zonind & probably updated in the next future,
since the Basin Authorities will be reorganisedimistrict Authorities covering the whole
national territory (Legislative Decree 152/2006c@ding to the E.U. 2000/60 Directive
about water resources management), in this Seetxamples of current landslide hazard
assessment practices are reported for some Basimonties.

3.4.2 Southern ltaly

For the hazard assessment in Southern ltaly, hereeported two examples: the procedures
that are followed by the National Basin AuthoritiyLdri-Garigliano and Volturno Rivers and
the one by Regional Basin Authority of the “Nortestern” Basin of Campania Region.

3.4.2.1 National Basin Authority of Liri-Garigliano and Voturno Rivers

(contributor: UNISA)
The territory of the National Basin Authority ofrl-iGarigliano and Volturno rivers (NBA
LGV) extends for about 12,000 Krin central-southern Italy along the Apennine chalirere
several predisposing factors (lithology, tectonioger network, etc.) can be recognised for
mass slope movements. It is composed of two madreuitories corresponding to the Liri-
Garigliano and the Volturno river basins and italwes — partially or totally — the territories
of 5 Regions (Abruzzo, Campania, Lazio, Molise dnaglia), 11 Provinces and 450
Municipalities (Figure 3-9).

Name of the document

Hydrogeological Setting Plan — Landslide Risk (R84 — Approved by the Italian
Government via the D.P.C.M. dated December 12, 2006

Purpose of the document

The PsAI-Rf, via its rules, is aimed at guarantyargadequate level of safety to the whole
territory of Liri-Garigliano and Volturno River Bas with respect to landslides. The PsAI-Rf
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is the cognitive, prescriptive, technical-operatteel by which the activities as well as the
land-use codes related to the hydrogeological ngetof the hydrographical basins are
planned. It includes landslide risk zoning, resimit codes and the areas to be safeguarded
and related measures.

Risks related to other natural hazards, such asi$loare addressed in separate documents.

ABRUZZO

PUGLIA

VOLTURNO
BASIN

. BENEVENTO

N poLr RAVELLING,
Vasuio
s BASTLICATA

CAMPANIA' POTENZA

0 50 100 Kilometers
el

Figure 3-9. Basins of Liri Garigliano and Volturnivers.

Users of the document

The users of the documents are local Authoritieskimg on land management and/or urban
planning.

Type of document
The PsAI-Rf consists on four different types of doents, namely:

General ReportAfter a description of the Liri-Garigliano and Votho river basin territories
— in terms of their geology, geomorphology and lasd — the procedures adopted for
landslide hazard and risk analysis and zoning aptamed. Finally, information about the
used Territorial Information System and the corgenftthe restriction codes as well as the
Plan development are provided.

Cartography.The PsAI-Rf includes the following 13 maps at 1028 scale:

- Map of the instability phenomena reported or fsined by Local Authorities

- Geological-Structural Map

- Geomorphological Map

- Soil cover Map

- Landslide Inventory Map

- Map of the Hydrogeological Binding and the Natband Regional Parks (L. 3267/23, L.
394/96)

- Map of the Environmental and the Cultural Bindir{g. 1089/39, L. 1497/39, L. 431/85)
- Map of the Environmental detractors and of tHealstructures

- Map of the potential damage and the highly vidbés facilities

- Map of the damage reported by local Authorities
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- Map of the landslide scenarios based on the maxirexpected intensity
- Landslide risk scenarios Map

Restriction codes and safeguarding measurddis document includes the codes to be
followed for a correct land-use as well as the gule be applied in areas at landslide risk.
Contents dealing with the so-called “Study of Hyghkological Compatibility” are also
described.

The program of risk mitigationin this documents the activities to be carried eut
immediately, in the short/medium/long term - in @rdo mitigate the landslide risk are
summarised. These activities includes: territosiaveys, maintenance, in-situ investigations,
instrumental monitoring; control works.

The information accessible on-linetif://www?2.autoritadibacino.t/deals withi) the general
report;ii) the restriction codes and safeguarding measiliyetsie program of risk mitigation.
As for the cartography, it can be requested biyngjla form.

Scale
The adopted scale of analysis and zoning was 1025,0

Type and mechanisms of landslides

The landslides are essentially mapped using Varokssification system (1978), creep
evidence, a simplified version of the landslidegages of movement given by Leroueil et al.
(1996), state of activity (active — including aejwreactivated and suspended phenomena
according to Cruden and Varnes, 1996 - or quiesé¢entdormant phenomena). Types and
mechanisms of mapped landslides are: falls andaspfiowslides, debris flows, fast earth-
flows in marn-clayey soils, translational slidestational slides, earth flows, superficial and
deep creeps, lateral spreads, deep-seated gravahthovements.

Basic documents required

Detailed and territory-wide base maps (geology, ngaphology and soil cover) were

preliminarily compiled by using basic methods. Sdagently, with the aid of such maps as
well as of aerial photo interpretation and ava#alsiformation, 30,000 landslides together
with their surrounding areas and zones potentiatfgcted by fast slope movements were
mapped.

Methodology

Landslide susceptibility maps were obtained, atdirinary level of zoning, by adopting
velocity estimates of the active or quiescent exgstandslides, as well as of the source and
propagation areas potentially affected by firstdie@ phenomena, using a simplified version
of the Cruden and Varnes’ criterion (1996). In gattar, the landslide intensity | (i.e., the
maximum expected velocity) was associated with @h¢he mapped landslide according to a
nominal scale, as detailed in the Table 3-5.
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Table 3-5. Intensity classes of the landslides

I Landslide type

Falls and topples, Flowslide
High Debris Flows, Fast earth-
flows in marn-clayey soils
Translational slides,
Rotational slides, Earth flows
Superficial and deep creeps
Low lateral spreads, deep-seated
gravitational movements

U

Medium

Finally, on the basis of landslides activity, hakaraps were produced by using the nominal
scale synthesized in the Table 3-6.

Table 3-6. Hazard nominal scale

I Landgllde Hazard
activity
. active -
High guiescent High
. active High
Medium guiescent Medium
Low active High
quiescent Medium

Hazard matrix

The hazard matrix was defined qualitatively basedwo parameters, namely the intensity
and the state of activity of the landslide (Tabi® &nd Table 3-6).

Hazard levels

As already specified, hazard levels were defineddifferent landslide types according to
their intensity and state of activity.

Legends

The legend of the “landslide inventory map” is sinaw the Figure 3-10.
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Figure 3-10.Legend used for the landslide inventory map atithex basins of
Liri-Garigliano and Volturno

Further legends can be recovered in Cascini (2083 )Cascini et al. (2005).

Zoning recommendations/restrictions

Referring to the PsAI-Rf activities carried out tye National Basin Authority of “Liri-

Garigliano and Volturno” rivers, not urbanized aeaffected by existing or potential

landslides are also mapped and classified, alththgihwas not requested by the Italian Law

(L. 365/2000). According to the risk levels desedhn the D.P.C.M. 29/09/98, these areas

are considered worthy of attention on the basi€fden and Varnes’ (1996) suggestions

about landslides’ velocity classes.

Particularly, the attention level is considered¢o

- High (A4), if the area is inside the sourcensitand invasion zone of extremely rapid,
very rapid or rapid landslides;

- Medium-High (A3), if it is inside a moderate slow landslide, both active or quiescent,
potentially triggered by an earthquake;

- Medium (A2), if the moderate or slow landslidanside a not seismic area;

- Low (Al), if the area is involved in a very slaw extremely slow landslide.

Starting from the results of the landslide hazavdizg, the document entitled “Restriction

codes and safeguarding measures” establishes, amtiogrgthings, the policies to be followed

within attention areas. These policies are sumredris the Section 4.2.2.1.

Improvement of landslide susceptibility zoning at 15,000 scale

Within the so-called “Pilot Project” the NBA LGV @motes susceptibility analyses of fast-
moving landslides at 1:5,000 scale to improve thezdiid assessment developed at the
1:25,000 scale essentially on the basis of geadbgicd geomorphological criteria.

The adopted procedure is based on the “Design eygambach” that allows the identification
of the worst expected sliding scenario coming fittwa application of engineering physically-

Grant Agreement No.: 226479
SafeLand - FP7

Page 3188



2.1 Rev. No:02
Overview of landslide hazard and risk assessmexttipes Date: 2010-05-25

based models with reference either to the mobilsddmes in the source areas or to the run-
out distance.

As for the estimation of the mobilised volumes,ytlage computed with the aid of the so-
called “distributed physically-based models” (TRISR SHALSTAB) while, run-out
distances are estimated via numerical models (FDOEAN, GEOFLOW, RUSH 3D).

The above procedure allows in many cases the gignifreduction of the propagation areas
previously defined only on the basis of heuristitecia. An example of the effectiveness of
the selected procedure for reducing the areasifotassat “very high risk” (R4) within the
PsAI-Rf project is furnished in Figure 3-11.

% t ety 4| Boundary of the areas
=== classified at very high risk [
(R4) within the PsAI-Rf project |/

B Ceotechnical analysis of source areas

I Run-out evaluation

o 125 250 500
e ——

Figure 3-11.Improvement at 1:5.000 scale of the landslide spidiéity zoning developed,
at 1:25.000 scale, within the PsAI-Rf.
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3.4.2.2 Regional Basin Authority of the “North-western” Bas of Campania Region

(contributor: AMRA)
In the Hydrogeological Setting Plan (PAI) draftedtbe North-western (NW) Regional Basin
Authority of Campania (southern Italy), landslidazhrd (2002) has been assessed at a large
scale (1:5.000) by means of an integrated methadtlypbased on a statistical (i.e.
guantitative) approach (Calcaterra et al., 2003)sisilar approach (Di Crescenzo et al.,
2008; Andriola et al., 2010) has been applied ®oRegional Basin Authority of Sarno river
in the process of PAI revisiting (2009-2010), too.
The methodology and results here illustrated al&te® to a variety of geological settings
characterizing about 800 Krof regional territory (62 municipalities) wherecath 2 million
people live (Figure 3-12).
The NW Campania Basin Authority manages a territeingre three main geological settings
are present:
a) the Phlegraean Fields, including Naples and Phéagraslands (Ischia and Procida),
characterized by Late Pleistocene-Holocene voldastic products;
b) the Somma-Vesuvious area, where mainly Holocena & pyroclastic products crop
out;
c) the Mesozoic carbonate Apennine mantled by pyracldall deposits, predominantly
ejected by Somma-Vesuvius from 17,000 yrs b.pate.d

Grant Agreement No.: 226479 Page 3988
SafeLand - FP7



2.1 Rev. No:02

Overview of landslide hazard and risk assessmexttipes Date: 2010-05-25
p Lo o=/ Taburno (»/4;/\‘ f*—*fmf\,,,/—//*\\
‘\\,I?( 7 2, Camfdcgauro Benevento \'\\

&3
(] s
Caserta

San Felice a

Cancello ) @)

Nocerd Picentini Mts
oo
Castellammare 3 (
di Stabia Casola Tramoni
s @5
ﬁN\\s Salerno
Lat?
2 Guyp
or g
i o :”U/';JO >
2 b 3 o . ,//
Capri 0 5000 10000m N 9 /
Qo+ L1 1 o) B

Figure 3-12. Geological sketch map and main lo@adicited in the text (the red line is the NW Adthidasin
limit) Legend: 1) quaternary deposits: a) Pyroclatir-fall and alluvial deposits; b) Lavas, pyraditic flows
and tuffs; 2) sin orogenic terrigenous depositsqddine-lower Pleistocene); 3) pre orogenic depditssozoic-
Tertiary) of carbonatic platform (a) and of basifig; 4) Flow-type landslide or group of flow-typendslides.

* Methodology

In the methodology used to produce Landslide Risips/by NW Campania Basin Authority,
the “hazard” component is the one most closelydako geological and geomorphological
features. This component is expressed as susdeptivirelative hazard (prediction of the lo-
cation, typology, intensity and evolution of thedslide event — Hartlen and Viberg, 1988).
Susceptibility rather than absolute hazard wasilpged in view of the prevailing type of
landslides (flow-tipe landslides, falls), which @ence is easily obliterated due to several
factors (rapid growth of vegetation, often limitelimensions, man-made actions), thus
hampering the reconstruction of historical landslievents and estimation of recurrence
intervals.

The adopted procedure allowed to estimate the lialedslative hazard within the study area,
I.e. the likelihood of occurrence of mass movemdatsdifferent areas on the map, without
giving exact values and, above all, without predgttheir temporal occurrence. Two
“intermediate” predictive maps, produced on theida$ these assumptions, aim to defining
the overall landslide susceptibility: the Landslifasceptibility Map and Landslide Runout
Map.
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Landslide Susceptibility Map

The Landslide Susceptibility Map for flow-type lahides in the NW Campania Basin
Authority area derived from the work of the Itali@®ological Survey following the 5 May
1998 event in Campania (Amanti et al., 1998) and adapted to the different geological and
geomorphological contexts using 1:5000 scale toggayc maps.

The method is based on verifying the landslide oetice and frequency with respect to
some factors which may play an important role iggeering landslides (Figure 3-13).

Detachment zones, as reported in landslides-
inventory map (layer of Geomorphological map),
crossed with parameter maps

7 ¥ ¥ ¥ %

Distance| .
feair Distance Seismic
from

mountain : acceleration
roads cliffs

Pyroclastic || | gng
cover use
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Slope
angle

Figure 3-13.General procedure adopted for the Ldidds susceptibility Map

In the formula proposed by Amanti et al. (1998 tbllowing parameters were considered of
significance:
| =[S (1+T+D)] xLx B

where | = susceptibility index; S slope andle= thickness of pyroclastic deposits; D distance
to streams; L = land use; B = basin order.

The parameters S, T e D are expressed as peregoefrcy and probability, whereas L and B
represent aggravating factors (therefore greategoal to one).

To determine the validity of this formula in theearmanaged by the Basin Authority all the
basic geological and geomorphologic data and mapse Viirstly acquired: geological,
geomorphologic, thickness of pyroclastic coverdiiae inventory, slope gradient and land
use. Secondly, preliminary sample areas were ifieshtior which a large amount of highly
detailed information was available (Avella ridgedaQuindici - Lauro area, as concerns the
carbonate Apennine; Camaldoli hill, Naples and mam slope of Mt. Epomeo, Ischia island
in the Phlegraean district). The method used tmmdehe Susceptibility Index (I) involved:

- compilation of a Slope Map using a DTM,;

- cross-correlation between the frequency of detachmeeas and slope gradient (S),
thickness of pyroclastic cover (T), distance teksdroads (D) and land use (L), and
construction of related graphs.

After this preliminary test, considered that a feagtors were sometimes found to be non
influential from a statistical point of view, thellowing equations were developed using a
GIS:

| =[S (1+T+D)] x L - Carbonate ridges, where D istdnce to man made tracks and cuts); (a)
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[ =[S (1+T)] - Vesuvius and Phlegraeaeas; (b)
=S {schia island. (c)

As an example, the frequency distributions of dataent zones in the Quindici - Lauro
area with respect to the factors considered ims(bhown in Figure 3-14.
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Figure 3-14. Frequency distributions of landslidetathment zones in the Quindici-Lauro area, witpeset to
the factors considered in equation (2). In a) tlestkfit curve of the slope angle factor (S) is akgported

Figure 3-15. Landslide Susceptibility Map of theilglici-Lauro area.
Legend: 1) Low susceptibility; 2) medium suscelitjhi3) High susceptibility

The final steps of the described method entailecd#finition of three classes (High, Medium
and Low) of the susceptibility index (I) on the isasf S, T and L values (Figure 3-15). S was
considered equal to either p w/-or p +/- & (boundary from low to medium susceptibility)
for the various settings and equal to p ¢/{medium to high susceptibility) in all three
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contexts, with 4 = mean value and= standard deviation; minimum T and maximum E
values were assumed.

Landslide Runout Map

The invasion susceptibility of landslides such lasse typically occurring in the study area
(Figure 3-16) has been identified with the defomtiof the runout.

Figure 3-16. Aerial view of the flow-type landskdehich occurred at Quindici in may 1998. The ldiugs
covered long distances reached up to 3500-400@m the crown zone

qn: crown level
gfc: tip level

== Zone of depletion
T Zone of accumulation

Angle of reach(y)= arctg (H/L) = arctg (gn-gfc)/L

Figure 3-17. Sketch profile showing the basic pagtars of the angle of reach (y)

The potential path of falls and flow-type landsidsan be “simulated” using the method of
energy lines (Heim, 1932; Shreve 1968; Scheided@t3; Hsu, 1975; Corominas, 1996). In
the absence of specific, reliable geotechnicaltgmttaulic data, the hazard of rapid landslides
such as falls and debris-earth flows can be estdnain a geomorphologic basis, by
determining some morphometric parameters (Figute)3-
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The procedure involved the definition of possiblffetent points of maximum reach along
the same profile, depending on the position ofdbkesponding potential detachment areas,
in turn characterized by different susceptibiliyades (Figure 3-19). Finally, the points on
slope profiles coinciding with maximum runout dista were joined, thus defining
preliminary areas susceptible to be invaded byedlimws and/or falls. These results were
then integrated with elements from the Geomorphodddvap, such as the real extension of
previous landslides, debris fans, talus depositmifccant man-made features (quarries,
deposition basins, road embankments), etc. Theinprglry areas were consequently
redefined in order to create the final versionhe Relative Hazard Map where three hazard
categories are shown: P3 = High, P2 = Medium, Plow (Figure 3-20); the latter are
obtained by integrating both Landslide Susceptipdind Landslide Runout Maps.

Landslide Susceptibility Map
| | ]

[
Choice of the siutable angles of .
reach for open slopes and Choice of slope
channelized flow-type landslides profiles
based on observed events

Runuot distance
evaluation

Cross-checking with geomorphologic data (previous
landslides, debris fans, etc.) And with other hazard
studies, if available

l
‘ Landslide Runout Map }7

Figure 3-18. Procedure followed for the LandslidenBut map and the Relative hazard Map

- Medium susceptibility detachment area
s Angle of reach
% - High susceptibility detachment area
3
S

N N Maximum runout
S distance

S X related to high

e : S susceptibility ared Maximum runout
~ 3
u \ distance related

NS X to medium
b susceptibility
area

Figure 3-19. Scheme adopted for the evaluatioh@frtinout distance
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Figure 3-20. Landslide relative Hazard Map of thei@lici —Lauro area. Legend:1) Low relative hazgRl);
2) Medium relative hazard (P2); 3) high relativeziaad (P3); 4) Area susceptible to be invaded byl$dide

whose classification requires more detailed studies
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3.4.3 Central Italy

An example of the hazard assessment in centrglitahe procedure that is followed by the
Arno River Basin Authority, which is described hretfollowing.

3.4.3.1 Basin Authority of Arno River
(contributor:UNIFI)

A. This section is devoted to the description & BAIl prepared by the Arno River Basin
Authority. Furthermore is reported a join projearreed out by the Arno River Basin
Authority and the Department of Earth Sciences hictv a quantitative risk assessment is
done. The results of this project will be adopbgdthe Arno River Basin Authority as an
official methodology.

The Arno River basin is located in the Northern Apees, Italy, with an extension of 9116
km?. This orogen is a complex thrust-belt system mapleby the juxtaposition of several
tectonic units, built up during the Tertiary un@gecompressive regime that was followed by
extensional tectonics from the Upper Tortonian &Baet al., 2005). In the reliefs on the
eastern sector of the basin the outcropping roaksnlg mainly to Oligocene-Miocene
arenaceous turbiditic sequences and Jurassic-Eozaoareous and argillaceous oceanic
deposits. In the western sector the outcroppingaites consisting mainly of Miocene-
Pliocene marine and alluvial deposits. The plaieaarare filled with alluvial quaternary
deposits in the upper basin and marine depositartismhe delta. The study area is strongly
subjected to mass movements that have accumuldtggeanumber of recorded cases and a
huge total damage, both in properties and lifedsss
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Name of the document
Hydrogeological Setting Plan (Piano di Assetto ¢grologico, PAI) for the Arno River

Purpose of the document

The PAI prepared by the Arno River Basin Authotiigs the general objective to define a
framework for land planning in order to reduce tisk, caused by landslides and floods,
associated to the elements at risk. This is acHiekieough the set up of a comprehensive
cognitive frame, structural and non structural preion and mitigation measures, policies
and best practices related to risk management aveligance for the safety of the elements at
risk. The crucial point is the mapping of the laslide and flood hazard areas and the
identification of the elements at risk.

Users of the document
The users of the documents are administrativeasftbat work on land and urban planning.

Type of the document
The PAI is organized into three different partsjchhare:

Report: It contains a general description of thendArbasin (geology, geomorphology,
drainage system, land use) and the descriptioheofrtethodology used for hazard mapping
related to landslides and floods. Eventually thenpif the mitigation measures and the related
financial needs are defined.

Cartography: The PAI is equipped with maps, whiah a
Flood hazard map (1:25,000)
— Flood hazard map (1:10,000)
Map of the elements at risk located inside thedfdain
— Landslide susceptibility map (1:25,000)
Landslide inventory map (1:10,000)
— Map of the elements at risk located inside lanéslid

Policies: This document contains rules, limitatiansl recommendations defined for different
degree of hazard. These regulations have to beediby all the public entities located inside
the Arno River Basin such regions, provinces andinipalities, which are in charge of land
and urban planning. The regulations are legallglibigp and have to be followed by the public
administrations.

Scale

The landslide hazard mapping in the Arno river hdgs been carried out at two different
scales and with two different approaches:
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* Medium scale (1:25,000): A susceptibility mappirgy carried out based on a
qualitative approach through the analysis of prafoay factors.

» Large scale (1:10,000): A landslide inventory ealized where landsides are
classified on the basis of state of activity.

Type of hazards. Type and mechanisms of landslides
Not specified.

Basic documents required

Documents that provide information on geology,ditgy, hydrogeology, land use and slope
degree and mapped landslides. The landslide inmenbt@as been realized gathering
information on landslides from different documemesalized by public entities such as
municipalities and provinces.

Methodology

In the following, a description of the method udgdthe Arno River Basin Authority for
landslide hazard mapping and assessment is dedcribe

In the following, a description of the method ud®dthe Arno River Basin Authority for
landslide hazard mapping and assessment is dedciiibe final hazard map is the result of
the combination of two different approaches; a fidé susceptibility assessment at medium
scale and a landslide inventory map at large scale.

At the medium scale a susceptibility assessment been carried out by means of a
gualitative approach. In particular, the hazardatsas have been defined on the basis of
preparatory factors such as geology, lithology,rbgédology, land-use and slope degree and
according to the information of mapped landslides.

The methodology adopted, based on expert judgmietiteooperators, is used to estimate
landslide potential from data on preparatory vdesbField survey and photo-interpretation
have been randomly carried out all over the basiarder to validate the final susceptibility
map. No information on the recurrence time and tdmaporal prediction of landslides is
added.

The territory of the basin has been subdivided thtee classes of susceptibility, from PF3
with the higher level of hazard to PF1 with the éovevel.

* PF3: Unstable areas where a combination of unféenareparatory factors causes
general slope instability.

« PF2: Stable areas with a combination of prepardtmtiors which may lead to slope
instability.

* PF1: Stable areas with a favorable combinatiorreparatory factors.
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Figure 3-21 a detail of the susceptibility mapdparted. Inside each classes of susceptibility,
rules and best practices are defined in order toage and reduce the risk associated to the
elements at risk. In particular, in the policiexdment, the activities allowed and not allowed
for each class of susceptibility are reported aspkeially the construction or enlargement of
buildings and infrastructures.

A landslide inventory at the scale of 1:10,000 besn realized. The number of mapped mass
movements is 6073 and the 19% of mapped areas &he iclass PF2, 62% in the class PF3
and 19% in the class PF4.

According to the state of activity, structural meas for landslide mitigation are defined in
order to reduce the hazard level. The PAI defirtes priority of the interventions and
stabilization measures and the financial needstectlaln particular among all mapped
landslides 115 have been considered the most gkythese landslides, both the runout and
retrogressive areas, have been identified. Aftaslan estimation of the cost of the elements
at risk located inside the risky areas has beeamedaout. In Figure 3-22 a detail of inventory
map of the PAI is reported.

Autorita di Bacino del fiume Arno - pericolosita geomorfologica 1

LEGENDA

[ 2-PF2
3-PF3

[ 9-Vedi 1:10000

Figure 3-21. A detail of the landslide susceptthitnap reported into the PAI : PF3 is the highestl of
susceptibility while PF1 is the lowest level. (takem the online database of the Arno River Basithority
(http://www.adbarno.it/cont/testo.php?id=107

« Hazard matrix

No hazard matrix is used. The hazard assessmdrdsisd on the state of activity (active,
dormant, inactive).

« Hazard level

Combining the susceptibility map and landslide imteey map the territory of the basin has
been subdivided into four classes of hazard, frém Rith the higher level of hazard to PF1
with the lower level.
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* PF4: Active landslides

Autorita di Bacino del fiume Arno - PAI: pericolosita geomorfologica 1:10.000

Legenda
I limiti comuni

Punti
Coronamento

Classidi
pericolosita
geomorfologica

[ 2-PF2
3-PF3
4-PF4

O Stralci

CTR 1:10000

i Bacino del fume Amo2009 A AN s - S P

Figure 3-22. A detail of the landslide inventoryprraported into the PAI. PF 2 are inactive landski PF3 are
dormant landslides, PF 4 are the active landslidigken from the online database of the Arno RBa&sin
Authority (http://www.adbarno.it/cont/testo.php?ita7).

* PF3: Unstable areas where a combination of unfél@nareparatory factors causes
general slope instability and dormant landslides

« PF2: Stable areas with a combination of prepardtmtiors which may lead to slope
instability and inactive stabilized landslides.

* PF1: Stable areas with a favorable combinatiorreparatory factors.

- Legends

Legend used for the landslide susceptibility map3(i8 the highest level of susceptibility
while PF1 is the lowest level):

Classidi
pericolosita
geomorfologica

1-PF1

[ 2-PF2
3-PF3

9- Vedi 1:10000
[ Stralci
Figure 3-23.Legend used for the landslide susceptibility mafhénArno River Basin

— Legend used for the landslide inventory map (PFre imactive landslides, PF3 are
dormant landslides, PF 4 are the active landslides
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Figure 3-24.Legend used for the landslide inventory map inAh® River Basin

- Zoning, recommendations-restrictions

For each level of hazard the activities allowed ant allowed are defined through a set of
recommendations and restrictions. In particular:

PF4: In this hazard class, which represent thedsigtevel of hazard and is constituted by
active landslides the constructions or enlargemehtsew buildings and infrastructures are
forbidden with some exceptions regarding intenargion the existing buildings, which may
reduce their vulnerability, or concerning publick® referring to services which can not be
dislocated. Landslide consolidation works are aidvas well as ground investigations and
installation of monitoring systems finalized to dyuwf the landslide behaviour for the set up
of appropriate mitigation measures.

PF3: In this hazard class the enlargements and smagifications of existing buildings are
allowed if preceded by consolidation works, whielduce the general level of hazard.

PF2/PF1: In this class construction of new building allowed provided that the new
constructions don't change the geomorphological gedlogical conditions of the area
causing a worsening of the stability conditions.

Refinement of the PAI
B. The PAI described in paragraph A has some weak$ which are:

— The susceptibility assessment has been carriedroatqualitative way and it misses a
real evaluation of the preparatory factors. Furtieee the hazard classification has
been realized on the basis of the expert judgmietitecoperator.

The landslide inventory map has been realized gathenformation from former
landslide inventories and it lacks standardizaboth of procedures and classification
nomenclature.

For this reason a project between the Arno RivesilBAuthority and the Department of
Earth Sciences of the University of Firenze haslezaried out in order to realize a landslide
inventory at the basin scale by means of conveatiand non- conventional methods and in
order to perform a landslide susceptibility evaluathrough a statistical approach.

The landslide inventory of the Arno river basinfred out between 2003 and 2005, counts
more than 27,500 events. The inventory has beesnargd following the approach proposed
by Soeters and van Westen (1996) which consigisAnquisition of literature and ancillary

Grant Agreement No.: 226479 Page 5188
SafeLand - FP7



2.1 Rev. No:02
Overview of landslide hazard and risk assessmexttipes Date: 2010-05-25

data such as existent inventories, ii) mapping fraemial photographs at 1:13,000 and
1:33,000 scale (years from 1993 to 2000), iii)disurvey and validation, which represented a
key source especially for assessment of state twitgcand validation of hazard. The
inventory was then updated with the PSI (Persis&rdtterers Interferometry) technique,
which allowed to redefine the state of activity dahd perimeter of the former landslides, and
detect new movements (Farina et al. 2006).

For each landslide, information regarding the tgpgl state of activity, perimeter and area
has been recorded. The classification adoptecei®tie of Cruden & Varnes (1996) both for
the typology and the state of activity.

Statistics on landslide types show that the moptesented surface processes are slides
(74.8%) and solifluctions (17.4%), followed by dbal landslides (6,6% ) and flows (4.5%).
Regarding the state of activity 60% of the phencarem in a dormant state, 38% in an active
state and just 2% are in inactive, stabilized stEte single landslide surface area ranges from
100 nf to 5x16 n?.

The method adopted for the susceptibility analysis been the setting up of suitable
statistical estimators defined with the help oeadf artificial neural networks (ANN). Neural

networks were chosen because they require loosathsges on the variable distribution and
allow for the use of mixed-type parameters (e.tegarical and cardinal units) (Ermini et al.
2005; Gomez and Kavzoglu 2005). The computation eeaged out through a discrete pixel
basis analysis followed by the definition of unigoendition units (Bonham-Carter 1994;
Chung et al. 1995) for the application of stateti@nalysis within a GIS environment.

On the basis of the most common landslides in theAiver basin and the results of the
univariate statistical analysis five preparatorgtéas were selected: slope angle, lithology,
profile curvature, land cover and upslope contiiutarea. All the morphometrical
parameters have been derived from a DTM of the Arasin, produced by the cartographic
service of the Tuscany Region Administration aridased in 2002, with a resolution of 10 m
x 10 m.

The output of the model has been classified in rotdedefine four levels of susceptibility,
from SO with the lowest level of susceptibilityttte S3 with highest level of susceptibility.

The hazard map based on this susceptibility mdpssribed in the following:

Name of the document
Hazard map of the Arno river basin

Purpose of the document
To refine the hazard map provided by the PAL.

Users of the document
The Arno River Basin Authority.
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Type of the document

The methodology described will be adopted as aitiafffprocedure for hazard assessment
within the PAI.. At the moment the methodology slargoing a process of validation and is
not legally binding.

Scale
1:10,000.

Type and mechanisms of landslides
The most represented surface processes in thevarela are:

slides

solifluctions
shallow landslides
flows

Basic documents required
Susceptibility map, inventory map and state of\atgtifor the mapped landslides.

Methodology

Temporal prediction was obtained through the comtimn of the model results with the
information regarding the state of activity for theapped landslides. State of activity has
been used to assign average recurrence intervalsetsusceptibility classes and to active
landslides. In such a way, five classes of recuedime were selected and associated to five
classes of temporal hazard (10,000 years for HOQ Mears for H1; 100 years for H2; 10
years for H3 and 1 year for H4), the latter dineabsigned only to active mapped mass
movements (Catani et al. 2005). Recurrence timethes translated into probability by the
computation of the absolute hazard H(N) in a giteane span N using the binomial
distribution so that H(N) = 1 — (1 — 1/T)N (see.eCGanuti and Casagli 1996). Computations
were carried out for N=2, 5, 10, 20 and 30 yeaespectively. Absolute hazard is thus
characterized by five classes (from HO to H4) witbbabilities ranging from 0 (class HO) to
1 (class H4) for each time span (Figure 3-25).

Hazard matrix
Quantitative.

Zoning, recommendations/restrictions

This document doesn’t provide any further addicitmthe recommendations and restrictions
described in section A.
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Figure 3—2g. Landslide hazard map of the Arno RBasin.
The level of hazard range from HO, lowest hazarHi4 the highest hazard.

- Legends

[ ] Ho (P=0.003)
|| H1 (P=0.020)
[ H2 (P=0.260)
B +: (P=0.058)
B -« e=1)

Figure 3-26.Legend used for hazard maps at the Arno River Basin

- Hazard levels
Five hazard levels as noted in the legend.
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3.4.4 Northern ltaly

(contributor:UNIMIB)

The Italian alpine region is among the areas mibsti@d by landslides at the European scale,
due to the combination of high-relief topograplslated to the rise of a young orogen, and a
variety of active geomorphic processes (i.e. glagmaraglacial, fluvial, gravity-related)
resulting in high erosion rates and the mass wastiriransport of huge amount of sediments.
The considered area includes six main adminisgasivbdivisions (i.e. Regions), namely:
Piemonte, Valle d’Aosta, Lombardia, Trentino-Altadi§e, Veneto, Friuli-Venezia Giulia.
Trentino-Alto Adige is made of two self-governingopinces, i.e. Trentino and Alto
Adige/Sudetirol.

Alto Adige

alle d'Aosta

4 Basin Authorities

[ ] Adige
[ Atto Adriatico
e

Figure 3-27. General procedure adopted for the Lditts susceptibility Map
Overview of the Italian alpine region and relateakin authority extents.
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A national-scale overview of the landslide problermthe Italian alpine region was provided
by the outcomes of the IFFI project (Trigila et, &007), coordinated by the Geological
Survey of Italy and aimed at building a nationaidslide inventory for Italy. Although the
completeness of landslide inventories is not homegas across different regions (Table 3
7), the IFFI database clearly shows that the censiiregions are affected by high number
and density of landslides in soil (mainly soil sliglumps, debris flows, and debris slides;
Cruden and Varnes, 1996) and rock, including rdtkfaopples, rockslides/avalanches,
complex landslides (Cruden and Varnes, 1996), alasmber of Deep-Seated Gravitational
Slope Deformations involving large slopes (Crostal.e 2008).

Table 3-7. The landslide problem in the italianiapregion (Trigila et al., 2007).

Region IMapped Total landslide | Landslide density Landsli_de density
andslides area (total area) (mountain area only)
# Knt % %

Piemonte 35023 2540 9.1 15.0
Valle d’Aosta 4359 520 16.0 16.0
Lombardia 130538 3308 13.9 29.9
Alto Adige 1995 463 6.2 6.3

Trentino 9385 879 14.2 14.7
Veneto 9476 223 1.2 3.1

Friuli-Venezia Giulia 5253 511 6.5 14.8

The above mentioned regions belong to three masinBauthorities (i.e. Po river basin,
Adige river basin, Alto Adriatico river basins; (

Figure 3-27). Here we review briefly the approaches followadhe Po river basin and Alto
Adriatico river basins Master Plans.

Table 3-8 Basin scale Hydrogeological Plans relawarthe Italian alpine regions.

Basin Authority

Hydrogeological Plan

Main reference

Involved Regions

Piano Stralcio per I'Assetto

Piemonte, Valle d’Aosta

idrografico del fiume Adige -+
Regione del Veneto

Po river Idrogeologico DPCM 24 maggio 2001 Lombardia, Trentino
Piano stralcio per ['Assettp
Adige river ldrogeologico del bacine DPCM 27 aprile 2006 Veneto

Piano Stralcio per [I'Assettp
Alto Adriatico _Idrogeo_lo_gico _ _dei_ bacin Deli_bera Comitato Trentino, Alt_o Adige_,
fivers |drog_raf|C| dei f_|um| Isonzo, Ist|tu2|_onale 4/2007, 19| Veneto, F_rlgll-VeneZ|a
Tagliamento, Piave, Brenta- giugno 2007 Giulia
Bacchiglione
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The lower level of landslide susceptibility assesstrand zoning in Italy is usually included
in the framework of urban landplaning. Since 1942egge Urbanistica Nazionale
1150/1942), urban landplaning is carried out byftohg the Land Management Master Plan
(Piano Regolatore Generale, P.R.G.), which is aimedegulating building activities and
landuse within each Municipality. Since 1968 (D.Mi44/1968) the concept of zoning was
introduced in the Plans through the identificatotdrhomogeneous areas subjected to specific,
legally-binding regulations and/or land- use liridas. Among the zones envisaged by the
law, zone “G” represented areas with limitationg dxposure to floods, landslides or snow
avalanches.

Following their establishment in 1970, the RegioAaithorities were charged from the
national Authority of land planning responsibilgieSince that, a number of Regional Laws
have been published to rule land planning proceduseé Regional, Provincial and
Municipality scale. At Municipality level, the LandManagement Master Plan was
maintained, with some differences in methodologied procedures. The Plan needs to be
accompanied by a geological study aimed at charaictg the geological constraints to land
use, including an implicit evaluation of geologidazards (Table 3-9). These constraints
must be consistent with the basin-scale Hydrogecdbd/aster Plan (PAl), and are generally
defined on the basis of geomorphologic mappingamiggrous phenomena.

Table 3-9. Summary of the current, legally-bindingnicipality-scale landslide hazard assessmenttres
used in different Regions.

Region Level Approach Latnydpsehde Zoning Ref. #
L.R. 56/77
Piemonte Susceptibility Geomorphological All ? | Circ. P.G.R.
7/96/LAP
Valle d’Aosta Susceptibility Geomorphological All €% L.R. 11/98
Geomorphological Rockfalls,
Lombardia Susceptibility ymorp gic debris flows Yes L.R. 12/05
Heuristic / Modelling .
slides
Alto Adige / - :
Sudtirol Susceptibility Geomorphological All Yes L.P. 13/97
. . . L.P. 01/08
Trentino Susceptibility Geomorphological All Yes LP. 05/08
- Geomorphological /
Veneto Susceptibility Modelling (adopted from All Yes L.R. 11/04
Hazard . X
basin-scale zoning)
. . Geomorphological/
Friuli-Venezia I ) L.R. 27/88
Giulia Susceptibility Model[lng (adopteq from All Yes LR. 16/09
basin-scale zoning)

Some example case studies are reported in theMalppages to illustrate current levels of
landslide susceptibility or hazard assessment padd (or required) by regional authorities
through legally-binding standard procedures. Rdtkfare considered as example landslide
type (Cruden and Varnes, 1996) due to their spdistibution and frequency in the Italian

alpine area, as well to the complexity of relataddrd assessment.
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3.4.4.1 Basin Authority of Po River

(contributor:UNIMIB)

In the Po basin Hydrogeological Master Plan (PAIPino Stralcio per [I'Assetto
Idrogeologico), a simplified assessment of hazard r@sk at 1:50,000 scale is provided for
flood and landslide hazard, using municipality galgs as reference land units.

Given the scarce availability and statistical digance of datasets of landslide frequency and
intensity, for the risk evaluation (see Section.4),2the hazard, i.e. the probability of
occurrence of a given dangerous process in a @vea and time interval, is expressed in a
simplified form and combined according to a simip&aristic (matrix) approach, in terms of
susceptibility.

Landslide distribution was obtained by draftingaadslide inventory map at 1:25,000 scale
based on historical data (available from local aritles) and reconnaissance aerial photo
interpretation. A landslide susceptibility indicafeandslide Hazard Index) was obtained for
each land unit by summing two terms, namely: a kldd index, If (i.e. landslide density,
the percent of total land unit area mapped as lalgjsand a Landslide Potential Index. The
latter depends on the percent outcrop area of fapditihologies weighted by the landslide
density computed for each lithology. Susceptibitglues were then classified into four
discrete classes (i.e. low, moderate, high, vegihi

Name of the document

Po basin Hydrogeological Master Plan (Piano Swaleer I'Assetto ldrogeologico-main
referenceDPCM 24 maggio 2001).

Purpose of the document

The main purpose of the document is to use theyoextihazard and risk maps for basin-scale
land planning in order to prevent further disagieough the management of hydrogeological
risk. Additionally, the output maps are used foppurt national regulations implicitly
affecting landslide hazard assessment practicdsd@cCivil Protection regulations (Law
225/1992 and following acts) and building codesMD11/03/1988; Norme Tecniche per le
Costruzioni, D.M. 14/01/2008).

Users of the document
The Po River Basin authority.

Type of the document

The provided documents are “hazard” and risk mapg;h are legally binding documents.
The definition of “hazard” that used here is ineatraccording to the suggested terminology
of Chapter 1. The produced maps rather corresporsiigceptibility maps (e.g. it does not
account for landslide intensity).

Scale
1:50,000
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- Type of hazards. Type and mechanisms of landslides

The included landslides are rockfalls, rock avates; deep-seated rockslides, soill
slips/slumps, translational and rotational deliges, earth/mud flows, and debris flows.

- Basic documents required
Landslide inventory and information related to Islide density and lithology.

- Methodology

Two methodologies are described here:

A. Methodology for the development of landslide suduiéify maps to be used for the risk
assessment (see Section 4.2.4),.

B. Methodology for the rockfall susceptibility assesstnfor “high-risk” classed sites:
Rockfall Hazard Assessment Procedure (RHAP) praeedu

A. Methodology for the development of landslide sudaiéify maps to be used for the risk
assessment

Landslide distribution was obtained by draftingaadslide inventory map at 1:25.000 scale
based on historical data (available from local arities) and reconnaissance aerial photo
interpretation. A landslide susceptibility indicafeandslide Hazard Index) was obtained for
each land unit by summing two terms, namely: a kldd index, If (i.e. landslide density,
the percent of total land unit area mapped as l@l®)sand a Landslide Potential Index, is.
The latter depends on the percent outcrop areapetifec lithologies weighted by the
landslide density computed for each lithology. ®psibility values were then classified into
four discrete classes (i.e. low, moderate, highy \egh) (Figure 3-28). The risk assessment
based on these maps is described in (see Secfiah).4.

Legenda
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Figure 3-28. General procedure adopted for the Lditgs susceptibility Map
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Basin-scale landslide hazard map reported in thdrdgeological Master Plan (PAI)
drafted by the Po river basin Authority. Municigas are considered as land units.

Except for specific long-lived landslides such agleflows with available historical data, the

state of activity of landslides was only estimabgdgeomorphological criteria. Although the

definition of “hazard” used here is formally incect (e.g. it does not account for landslide
intensity), the use of the inventory map as a is@nteference in landplanning studies at the
municipality scale is mandatory. In this way, thedntory map is progressively updated and
refined by incorporating the outcomes of more dedafield studies (1:2,000-1:5,000 scale).
Mapped landslide areas and the related “hazardsigleations are legally binding and must
be taken in account in defining urban land planmoages and regulations.

The Po Basin Authority also used the above mentidaadslide inventory to test a local
scale heuristic susceptibility and qualitative redsessment procedure. This procedure, to be
applied to single mapped landslides, is aimed aluding in the landslide susceptibility
assessment different indicators in order to modify initial value of “hazard” (PO...P4)
through the sequential use of heuristic matriceabld 3-10), accounting for the landslide
style of activity (Table 3-11), and the effectsamuntermeasures (i.e. actions favourable to
stability; Table 3-12) and unfavourable actiong.(external loads, toe erosion; Table 3-13).

Table 3-10. Preliminary landslide susceptibility tnva(Po basin Authority, 1999).

Magnitude M1 M2 M3 M4
State of activity
Dormant PO PO PO P1
Recently active PO P1 P2 P3
Active - reactivated P1 P2 P3 P4

Table 3-11. —Landslide susceptibility matrix indhglactivity style (Po basin Authority, 1999).

P
PO P1 P2 P3 P4
Style of activity
Reducing DO DO D1 D2 D3
Constant DO D1 D2 D3 D4
Progressive, retrogressive, widening D1 D2 D3 D4 D4
Table 3-12. Landslide susceptibility including ctarmeasures (Po basin Authority, 1999).
D
DO D1 D2 D3 D4
Countermeasure
Effective HO HO HO HO H1
Partly effective HO HO H1 H2 H3
Grant Agreement No.: 226479 Page 6088

SafeLand - FP7



2.1

Overview of landslide hazard and risk assessmexttipes

Date: 2010-05-25

Rev. No:02

Ineffective - Absent HO H1 H2 H3 H4
Table 3-13. Landslide susceptibility including urdarable actions (Po basin Authority, 1999).
H
HO H1 H2 H3 H4
Unfavourable actions
Absent Z0 Z1 z2 Z3 Z4
Unfavourable Z1 Z1 Z3 Z3 74
Very unfavourable Z1 z2 Z3 Z4 Z4

B. Methodology for the rockfall susceptibility assesstnfor “high-risk” classed sites:
RHAP procedure.

According to Region Lombardia regulations, the sssent of rockfall susceptibility at
specific sites characterized by high expected lbparrisk should be performed using a
methodology called RHAP (Rockfall Hazard Assessniotedure; Mazzoccola and Sciesa,
2000). Although the methodology is supposed toltasuhe evaluation of “hazard” zoning,

it does not explicitly include frequency in the bysés, and therefore it must be considered as
a rockfall susceptibility assessment procedure.

The methodology applies to rockfalls ranging framgke blocks to rock mass volumes up to
1,000 mi, and it is suitable for local-scale studies. Thethnd allows to rank the
susceptibility level with respect to a specifieesiFor this reason, susceptibility ranking from
different sites are not comparable in absolutee/alu

The first step in the procedure consists of thatifieation of homogeneous sub-areas of the
rocky cliff / rockfall source zone and affected mosector, according to a preliminary
characterisation of rock mass properties and stopghology in the source and the runout
zone (Figure 3-29). Such identification is usuglrformed through field surveys, with the
help of appropriate check lists and field charts.

l& Carta delle
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Figure 3-29. General procedure adopted for the Lditts susceptibility Map
Mt. San Martino cliff (Lecco, Lombardia). Homogensa@reas and simulated trajectories
(from Interreg IIC Project “Falaises”; Carere et 312001)
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From each defined homogeneous sub-area, 2D rocitfathastic simulation is performed
along specific, representative fall paths in orderperform a preliminary longitudinal
zonation of rockfall propagation frequency, depeagdbn the arrests point distribution along
the slope. The simulations are performed considenrodal (or specific “design”) block
volumes and shape, and calibrating restitutionfmefts using available field, historical and
geomorphological data (e.g. single blocks, screpeskxtent). Depending on the percentage
of block exceeding a given runout, the slope isezboim 4 zones (Figurg-30) with different
preliminary susceptibility level: 4 (runout encomspeng 75% of the blocks), 3 (90%), 2
(100%), 1 (extent of “extreme runout” blocks).

L Bl

HAZARD MAP - PRELIMINARY

i Homogeneous areas

i San Martino cliff
Rockfalltrajectories

LY ]Hp1-Low

N Hp2

Figure 3-30. General procedure adopted for the Lditgs susceptibility Map
Mt. San Martino cliff (Lecco, Lombardia). Prelimiryasusceptibility map based on
rockfall simulations along representative trajeéés (Interreg 11IC Project “Falaises”).

homogeneous zone 1 homogeneous zone 2 homogeneous zone 3
number of unstable elements, n number of unstable elements, n number of unstable elements, n
1 2 1 1 0 0 0 0 1 0 1
0 3 0 0 1 1 1 0 0 0 0
2 4 2 2 3 0 0 0 1 2 0
3 2 1 1 1 2 1 0 1 2 0
1 2 0 0 0 0 1 0 2 0 0
relative susceptibility, n/5 relative susceptibility, n/5 relative susceptibility, n/5
0.2 0.4 0.2 0.2 0 0 0 0 0.2 0 0.2
0 0.6 0 0 0.2 0.2 0.2 0 0 0 0
0.4 0.8 0.4 0.4 0.6 0 0 0 0.2 0.4 0
0.6 0.4 0.2 0.2 0.2 0.4 0.2 0 0.2 0.4 0
0.2 0.4 0 0 0 0 0.2 0 0.4 0 0
onset susceptibility, mean(rel. susc.) onset susceptibility, mean(rel. susc.) onset susceptibility, mean(rel. susc.)
0.32 0.15 0.1
Figure 3-31. General procedure adopted for the Lditts susceptibility Map
Example of onset susceptibility calculation frofatige susceptibility of
regular squares (Interreg IIC Project “Falaises”).
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‘ \
Figure 3-32. General procedure adopted for the Ldités susceptibility Map
Mt. San Martino cliff (Lecco, Lombardia). Subdieisiof rocky cliff in areas with
different number of potentially unstable elemehite(reg IIC Project “Falaises”).

Homogeneous area n. of squares n. of unstable element onset susceptibility
1 730 180 24,6
2a 235 64 27,2
2b 230 70 30,4
3 95 33 34,7
4 280 61 21,8
5 275 26 9,5
6 360 68 18,9
7 140 30 21,4

Figure 3-33. General procedure adopted for the Lditks susceptibility Map
San Martino example (Lecco, Northern Italy). Ormetceptibility of
homogeneous areas (from Interreg IIC Project “Ha&s”; Carere et al., 2001)

The rocky cliff is then characterised by geomectansurveys and analysis of aerial and
terrestrial photos in order to attribute differenhset susceptibility levels to each
homogeneous sub-area. First, the cliff is disedtinto regular squares. For each square, the
number of detected “instability indicators” is assed, and a relative susceptibility index is
calculated as the number of detected instabiliyicators normalized by the maximum
number, assumed to be 5. Then, the onset susdigptii each homogeneous area is
calculated as the mean susceptibility of all temsquares (Figure 3-31 to Figure 3-33).
Then, homogeneous sub-areas are classified ingsadaof activity (low, medium, high)
depending on their estimated onset susceptibHiyally, the latter classification is used to
modify the preliminary susceptibility map by increnting (high onset activity) or
decrementing (low onset activity) the hazard lefedne class (Figure 3-34).

« Hazard matrix

The hazard matrices that are used for the “hazar@dping (methodology A for landslide
susceptibility) at the River Basin of Po are thgsewn on Table 3-10 toTabB13 They
include the state and style of the activity, thertermeasures, and the possible existence of
unfavourable actions.
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. Hazard levels

There are four “hazard” classes: low, moderateh laigd very high, as shown in Table 7 (Z1-
Z4, Z0 corresponds to no hazard).

Carta della
Pericolosita Finale

Scala 1: 2,000
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Figure 3-34. General procedure adopted for the Lditgs susceptibility Map
San Martino example (Lecco, Northern Italy). Finatkfall susceptibility map produced
using the RHAP methodology (from Interreg IIC Rrtj“Falaises”; Carere et al., 2001)

- Legends

Legenda
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Figure 3-35. Legend for the “hazard” map of Po River Basin

- Zoning, recommendations-restrictions

In the Lombardia region, the Land Management Plamctre has been recently revised

according to the prescriptions of the Regional I(tavR.) 12/2005, paying greater attention to

the geological component of the landplaning procesgarticular, a set of guidelines have

been defined at the regional level which are aiated

- defining, mapping and summarising the geologicalprngorphological, hydrogelogical,
and seismic aspects of each Municipality with aststent approach;

- assessing flood, landslide, snow avalanche, asthgehazards at the Municipality scale,
and defining suitable, legally-binding land useitations and regulations;

- applying the Hydrogeological Master Plan regulagiom municipality-scale urban land
planning;

- continuously implementing and updating the datase&xled to ensure the consistency of
land planning performed at different scale (i.esibaRegion, Municipality).
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In this framework, the assessment of hydrogeoldgicd seismic hazards is an important step
of the overall land planning process. These aréuated in terms of susceptibility by using a
geomorphological approach. All the relevant basiormations (i.e. topography, geology,
geomorphology, hydrogeology/hydraulics) are mapped overlaid to obtain a “map of
geological constraints”, where geomorphologicatlanits are classified in four classes, with
particular subclasses defined according to the mamtributing hazard (see

Figures-37):

- Class 1: no particular limitations;

- Class 2: slight limitations;

- Class 3: significant limitations;

- Class 4: severe limitations.

A first example of municipal scale zoning is exteatfrom the Territorial Management Plan
of Gardone Val Trompia, which is a small city laein middle Valle Trompia, 18 km North
of Brescia, Lombardia Region, Northern ItalyFig@re 3-3§. The Municipality is highly
urbanized, with important industrial activities. ®uo limits in available building areas,
structures and infrastructures are located clodeoth the main river (Mella river) and the
slopes, giving a significant vulnerability.

Figure 3-36. Aerial view of Gardone Val Trompia slig the significant
exposure of the Municipality to landslide risk.

For this area, the map of geological constraintthefLand Management Plan (Figure 3-36)
accounts for several different typologies of geaablimitations, including:

- river floodplain potentially interested by excepidb floods (class 3a);

- steep slopes potentially interested by erosionsiiatiow landslides (class 3b);
- steep slopes potentially affected by rockfallsgslac);

- dormant landslide areas (class 3d);

- areas close to scarps (class 3f);
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- areas potentially affected by debris flows (clags 3

- streams potentially interested by ordinary flootlags 4a);

- active landslide areas (class 4b).

A further example is reported for the area impenoethe Mt. San Martino — Corno Medale
rocky cliffs, in the urban area of the Municipalby Lecco (Lombardia Region; Figure 3-38
and Figure 3-39). This example will be also exgldias case study in the following section.
In the map of geological constraints (Figure 3-406¢, area is zoned into four classes (1 to 4)
represented by four colours, corresponding to kiffedegrees of landuse limitations. In this
case, rockfall is the main process contributinguch limitations, especially in the northern
part of the area impended by Mt. San Martino andaferocky cliffs.

r
ARk7y:
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e

GRADI DI FATTIBILITA” GEOLOGICA

NELLE AZIONI DI PIANO (vedi art.? N.T.A) =" FASCIA DI RIFETTO DEL CORSO D'ACOUA CON
4] FUNZION! DI SALVAGUARDIA N CONFRONTI DI FENOMEN! AREA DI PERTNENZA DEL CORSO D/ACOUA
, EROSM /0 DI ESONDAZION DI CARATTERE ECCEZIONALE ESONDABLE N CONCOMTANZA DI PENE
CLASSE 3 - FATTBILTA’ CON CONSISTENTI LIMITAZIONI 2 E CON dq OROINARE E/O SOGGETTA A FENOVEN EROSM
AREA CARATTERIZZATA DA FENOMEN DI DISSESTO: ‘COUEGAT! ALLA NORMALE ATTIVITA’ IDRICA
+ FRANA ANTICA QUESCENTE
;Amnmommcmov;gwkcmm * AREA CON INDIZI DI INSTABLITA’ SUPERACIALE
FENOMEN EROSIV * AREA POSTA IN PROSSIMITA’ DI IMPLUVI MODIRCAT
3(! Eon DI CARATTERE E CON E N PARTE OSTRUTI DA ATTIVITA’ ANTROPICA AL
- * AREA COMPRESA TRA IMPLUM PARTICOLARMENTE INCISI 4D FRANA ATTIVA, FENOMEN! DI DIESESTO ATTIVO
'VERSANTI ACCLM [CON PENDENZE GENERALMENTE MAGGIORI
B CON A SOOORO-PASAGOBTIGE POTBGANENT e oM RraLOs
(ALTORANO DI CAREGNO E ALTA VALLE DI NZNO! NORMA PARICOLARE
SOGGETTI A FENOMENI DI DISSESTO IDROGEQLOGICO E PALEONTOLOGICO {COLMA DI DOMARO) *
S | versanm accim unGo 1 Qual soo ROSSMT
</ 3 (| seerwaan riovea o Distaceo o Mase f«,&;f\ mﬂs‘ Amum‘::ﬁ o
\ MATERIALI DETRITICH AVENTI SPESSOFE ELEVATO
T ] AREA CARATIIREZZATA DA FENOMEN Df DSESTON
A\Bd/v + FRANA ANTICA QUESCENTE
+ AREA CON NDZI DI NSTABAITA’ SPEIRCIALE
N | + AREA POSTA N PROSSMITA’ DI MPLIVI MODRCATI AREA POTENZIALVENTE ALAGABLE
E N PARTE OSTRUTI DA ATTIVITA’ ANTROPICA
AREA COMPRESA TRA IMPLUV ARMENTE INCISI

Figure 3-37. General procedure adopted for the Lditgs susceptibility Map
Example of Land Management Plan of Gardone Val piam
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Figure 3-38. General procedure adopted for the Lditgs susceptibility Map
Aerial view of the Lecco showing the study arefigisk of Mt. San Martino).

i b o 1 [ I

Figure 3-39. General procedure adopted for the Lsitgs susceptibility Map
South view of the Mt. San Martino — Medale cliffs

Grant Agreement No.: 226479 Page 67188
SafeLand - FP7



2.1 Rev. No:02
Overview of landslide hazard and risk assessmexttipes Date: 2010-05-25

CLASSE "1~

Fattibilita’ senza particolari limitazioni

CLASSE "2 "

Fattibilita' con modeste limitazioni

Aree BUONE geo Non visono geologico-applicativa. Per tutta la Classe vige la Normativa delDM 11.03.88

Aree pianegglanti, subpianeggiantiet debolmente acclivi con geotecniche DISCRETE e roccioso DISCRETE (H). Per tutta |a Classe vige
la Normativa delD.M. 11.03.88 con particolare riguardo a verifiche dinatura geotecnica e di stabilita’ dei versanti piu’ acclivi. Per l'area

Sottoclasse "2a" Pertutta la Sottoclasse vige la nomativa del DM 11.03.88 con particolare riguardo & verifiche dinatura idrogeologica per la presenza difalda a bassa soggiacenza.

Per tutta la Softoclasse vige la normativa delDM 110388 con particolare riguardo a verifiche dinatura Idraulica per tutte le nuove edificazionie per interventi di sostanziale modifica stnutturale eb camblo di
destinazione d'uso che interessino i pianiterra di edifici esistenti.

Sottoclasse "2b”

IRE0 N

Sottoclasse "2¢” Per tutta la Sottoclasse vige la nomativa del DM 11.03.88; per opere dinuova progettazione occorre considerare il ivello dimassimo innalzamento delle acque deilaghie delfiume Adda.

CLASSE "3 "

Fattibilita' con i i limitazioni

Aree iitutta la fascia e parte della conca dei Piani d'Ema. L'utiizzo diqueste zone e’ subordinata alla realizzazione di supplementi d'indagine dinatura geologico-tecnica
ed mediante campagne geognostiche specifiche alfine di precisare le idonee tipologie costruttive, nonche' le opere disistemazione e bonifica.

Aree che presentano geologica, con arealie logistiche talida permettere I'esecuzione d'interventi dimessa in sicurezza et bonifica radicale deisit; sono ricompresi
gliambitidicava dismessio difutura chiusura e localizzate aree franose. L'utiizzo diqueste zone e subordinato alfesecuzione d'indagini specifiche dinatura geologico-tecnica con redazione diun progetto di bonifica
~ messa in sicurezza et recupero ambientale.

Aree ricomprese nella fascia dirispetto delle captazionidriche Interessantila zona diricarica della falda e soggette ad na elevata vulnerabilta’ della stessa. L'utiizzo diqueste aree e subordinato all'esecuzione di

natura idrogeologica e con Fadozione diadeguate tecnologie costutive nelfesecuzione delle opere i smattimento dei refui.

Sottoclasse "3a”

Sottoclasse "3b”

Avee aliimite della zona dipericolosita’ (CLASSE 3H~4H) in cuisono da comunque da in funzione della vulnerabilta' dellarea specifica. Per quanto figuarda i
supplementi iindagine siconfermano quelle previste perla Classe 3.

Sottoclasse "3c¢”

Per tutta la Sottoclasse vige Ia normativa delDM 11.03.88 con particolare riguardo & verifiche dinatura idraulica per tutie le nuove edificazionie per interventi di sostanziale modifica strutturale e6 cambio di
destinazione d'uso che interessino ipianitena di edifici esistenti.

I

L[]
]

Sottoclasse "3d”

CLASSE "4 " Aree con grado diischio geologico slevato, estensione areale consistente, difusione o concentrata, diopere 6 bonifica
i con metoditradizionalie che comunque non garantiscono una totale riuzione del rischio; inolire futte le zone di pertinenza fluvise (fascia di10 m) e tutela assoluta pozzie sorgenti(raggio 10 m). Alintemo diquests
Fattibilita’ con gravi limitazioni aree ¢ da escludersi qualsiasinuova edificazione; €' consentita F'esecuzione diopere perla messa in sicurezza o mitigazione delrischio. Sono da rete geologico ed

Indicazione della fascia dirispetto dei corsi d'acqua delreticolo minore individuabili dalla topografia esistente — distanza paria 10 m dallarginatura ~artificiale o dal ciglio superiore della scarpata fuviale

Figure 3-40. General procedure adopted for the Lditks susceptibility Map
Map of the geological constraints of the Land Magagnt Plan of the Municipality of Lecco. The subaar
considered in the following section is outlinedluoe.
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3.4.4.2 Basin Authorities of Alto Adriatico

(contributor:UNIMIB)
In the Hydrogeological Master Plan drafted by tHe AAdriatico Basin Authority, landslide
hazard has been assessed at the basin scale fglawnodified version of the Swiss Federal
Guidelines methodology by the Swiss Ministry of thevironment (Bundesamt fur Umwelt,
Wald, und Landschaft; BUWAL, 1998), which is comerg with the guidelines provided by
the D.P.C.M. 29/09/1998 for Italy. Details are giva the following.

Name of the document

The Alto Adriatico Hydrogeological Master Plan (RiaStralcio per I'Assetto Idrogeologico
dei bacini idrografici dei fiumi Isonzo, TagliamentPiave, Brenta-Bacchiglione - Main
Reference: Delibera Comitato Istituzionale 4/2Q0¥ giugno 2007).

Purpose of the document

The main purpose of the document is to use theyoextihazard and risk maps for basin-scale
land planning in order to prevent further disagieough the management of hydrogeological
risk. Additionally, the output maps are used foppurt national regulations implicitly
affecting landslide hazard assessment practicdsd@cCivil Protection regulations (Law
225/1992 and following acts) and building codesMD11/03/1988; Norme Tecniche per le
Costruzioni, D.M. 14/01/2008).

Users of the document
The Alto Adriatico River Basin authority.

Type of the document
Hazard maps, legally binding.

Basic documents required
Landslide inventory and geomorphological data

Methodology

The methodology that is used is a modified versawinthe Swiss Federal Guidelines

methodology by the Swiss Ministry of the Environrh@Bundesamt fur Umwelt, Wald, und

Landschaft; BUWAL, 1998), which is consistent withe guidelines provided by the

D.P.C.M. 29/09/1998 for lItaly.

The adopted procedure is based on a matrix appraankd at a heuristic, qualitative

evaluation of landslide hazard based on a simgldigsessment of:

- spatial distribution of occurred landslides based @ landslide inventory (e.g. IFFI
project);

- type, velocity, size of mapped landslides;

- estimated frequency or recurrence of landslide &ven
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Although the procedure accounts for both landdiidguency and intensity, it exploits purely
geomorphological data. In fact, landslide velo€itsble 3-1) geometric intensity (Table 3-15)
and frequency (

Table 3-16) are indirectly estimated using geomorphologicalicators derived by inventory
maps. Thus, the methodology is able to produce @ ohgualitative landslide susceptibility.
In detail, the heuristic combination of landslidelocity classes and geometrical severity
classes allows to define magnitude (intensity) sdas(Table 3-17). The combination of
intensity (or velocity) classes with estimated freqcy classes allows to reclassify the areas
affected by mapped landslides into four “hazardis(eptibility) classes, from P1 (low
hazard) to P4 (high hazard; Table 3-18 aade 3-19 An additional “undefined hazard” class
is attributed to areas with paleo-landslides ord$hided with estimated return period
exceeding 300 years.

Table 3-14. Definition of velocity classes.

Description Typical velocity Velocity class
Extremely fast 5m/s
Very fast 3 m/min °
Fast 1.8 m/hr
Moderately fast 13 m/month
Slow 1.6 miyr ?
Very slow 16 mm/yr
Extremely slow <16 mml/yr 1

Table 3-15. Definition of severity (geometric irgity) classes.

Rockfalls: block diameter Slides and flows: thickse Severity class
>2m >15m 3
0.5-2m 2-15m 2
<0.5m <2m 1

Table 3-16. Definition of landslide frequency (reemce).

Estimated return period (yr) Description
1-30 Active landslides, dormant landslides withhhigactivation frequency
30-100 Dormant landslides with moderate reactivafiequency
100-300 Dormant landslides with low reactivatioediuency
> 300 Relict landslides, low reactivation frequency
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Table 3-17. Hazard matrix (for use when landslideesity estimates are not available).

Return period (yr)
1-30 30-100 100-300 >300
Velocity class
3 P4 P4 P3 undefined
2 P3 P3 P2 undefined
1 P2 P1 P1 undefined
Table 3-18. Magnitude matrix.
Velocity classe
1 3
Severity class

1 1 3

2 2 6

3 3 9

Table 3-19. Hazard matrix (for use with magnituthesses).
Return period (yr
1-30 30-100 100-300 >300
Magnitude class

6-9 P4 P4 P3 undefined
3-4 P3 P3 P2 undefined
1-2 P2 P1 P1 undefined

In order to show the local-scale application of tited procedure, the recent zonation of
rockfall hazard in the village of Masare (municipalof Alleghe, Veneto Region; (Figure
3-41 and Figure 3-42) is presented.

This example is extracted from a geological remitached to the Regional Resolution
(Deliberazione della Giunta Regionale, DGR 22518)QGhich passed the zonation as legally
binding in 2008. The zonation was performed takinig account the presence of 3 mitigation
structures (barriers) which are considered effectiv reducing the actual hazard. In Table
3-20, hazard and residual hazard after mitigatrercampared.
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Figure 3-41. General procedure adopted for the Lditgs susceptibility Map
Aerial photo of Alleghe showing the study area tedan the village Masareé. In front
of Masareé it is possible to recognize the evidesfaelarge historical rock avalanche

which dammed the valley in 1771 forming the lakallgfghe.

Figure 3-42General procedure adopted for the Laigs susceptibility Map
Masaré example (Alleghe, Northern Italy). Photdhgf village with indication
of the rockfall mitigation works (from Deliberanie della Giunta Regionale, DGR 2251/2008)
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Proposta di nuova classificazions
di pericolositd geelogica

Figure 3-43. General procedure adopted for the Lditks susceptibility Map
Masarée example (Alleghe, Northern Italy). Final kéall hazard map produced
using the modified BUWAL methodology (from DGR 22(18)

Table 3-20. Parameters and results of the anafgsigach zone.

PAIl code 0250088300A 02500883008 0250088300C  OZ53WED
Velocity 3 3 3 3
Geometric severity 2 2 2 2
magnitude 6 6 6 6
Frequency 1-30 1-30 1-30 100-300
Initial Hazard P4 P4 P4 P4
Mitigation yes yes yes
Arrest zone yes yes
Final Hazard P4 P3 P2 P1

« Hazard matrices

Two hazard matrices are used.

The first one (Table 3-17) is used when landsleleesty estimates are not available) and it is
based on the velocity and the return period.

The second one (Table 3-18) is used when magndiagses are taken into account and it is
bases on the magnitude class and the return period.

. Hazard levels

Four “hazard” (susceptibility) classes, from PIw(lbazard) to P4 (high hazard; Tables 12
and 13). An additional “undefined hazard” clasatisibuted to areas with paleo-landslides or
landslided with estimated return period exceedidg YBears.
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- Legends
B P1 - moderata
P2 - media
F3 - elevata
B P4 - molto elevata

Figure 3-44. Legend indicating the “hazard” levels

- Zoning, recommendations-restrictions

The zoning is made according to the hazard levaisexample of the resulting zoning is
reported in Figure 3-45.

%4,
=
=1
o
g
2
=3

Figure 3-45. Example hazard zoning according torttaified BUWAL procedure (area: Venzone, Friuli-
Venezia Giulia; landslide type: rockfall; rockfallass: P4)
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3.5 NORWAY

(contributor: ICG)

As part of work for The Norwegian Water Resourcesl &nergy Directorate (NVE),
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quick clay slides. The hazard assessment methgglddoms part of the risk assessment, and
it is described in section 4.3. In the following@graphs a brief description is only given:

Name of the document
Risk assessment for quick clay slopes (includingalds assessment).

Purpose of the document

The purpose of the document is its use by admatige authorities for the prioritisation of
slopes requiring remediation measures.

Users of the document
The users of the documents are administrativeesfic

Type of the document
The provided documents are susceptibility/hazacirask maps.

Scale
1:10,000

Type of hazards. Type and mechanisms of landslides.
Only lanslides in slopes containing quick clay evasidered.

Basic documents required

The required documents are the landslide inventorg any other document containing
information on geometry, lithology, slope angle dmanan activity.

Methodology

The methodology for the hazard assessment is gtiaéit Potential slide areas are given
"engineering scores" based on an evaluation ofjgmeechnical parameters, local conditions,
persons or properties exposed and engineering fueige

Hazard levels

The hazard classes are:
Low: Favourable topography and soil conditions; extensite investigations; no
erosion; no earlier sliding; no planned changeshanges will improve stability.
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Medium:  Less favourable topography and soil conditiomsjtéd site investigations; active
erosion; important earlier sliding in area; planeidnges give little or no
improvement of stability.

High: Unfavourable topography and soil characteristiosfed site investigations;
active erosion; extensive earlier sliding in agganned changes will reduce
stability.

The zones with weighted score between 0 and 170(88% of maximum score) are mapped

as "low hazard" and have low probability of failimgsliding. The zones with weighted score

between 18 and 25 (up to 50% of maximum scorejramgped as "medium hazard" and have

a higher, though not critical, probability of faiks The zones with weighted score between 26

and 51 are mapped as "high hazard" and have avedjatbigh probability of failure.

Zoning, recommendations-restrictions

The zoning for the prioritisation of slopes reguiyiremediation measures is made based on
the risk levels that are outlined at Table 4-5 et®n 4.3.

References

Gregersen, O. (2001). "Metode for klassifisering fakesoer, kvikkleire". Norwegian Geotechnical inge
report 20001008-1 (in Norwegian), Oslo, Norway,J2duary 2001.

3.6 ROMANIA

(contributor: GIR)

According to 575/2001 Law - “Law regarding the apyal of the National Territory Plan
improvement- Section V- Natural risk areas”, natuisk areas are geographically bounded
limits, inside which potential destructive natuplenomena occurrence exists, that can affect
the population, human activities, environment aadegate human and economic losses (the
present law refers to natural risk triggered byreprakes, floods and landslides).

In natural risk areas specific measures for riskgaion and prevention are being performed,
including zoning plans.

According to this law, in 2001, 987 administrativderritorial units (towns and townships)
from 37 counties (from a total of 41) were registewith landslide probability and potential
between medium and very high.

In these circumstances, in order to establish dtenpial and the probability of an area to be
affected by soil instability phenomenon (caused rmtural or anthropic factors), in
accordance with the COM 232/2006, Chapter 2, SedtjdArticle 6, the first step that has to
be made in this direction is to identify and clsshe risk areas in the proned region. The
region will then be surveyed every 10 years andritaestigation program will then be made
public and revised every 5 years.

Presently, there is no coherence and cohesiordisidns and actions taken by the research
institutes and government institutions involved, latal or regional scale in systematic
investigation, or a strategy for inventorying an@nioring of landslide affected areas, at
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national scale. Moreover, although a general ti@nahification between the Romanian and
the international terminology regarding landslidesceptibility, hazard and risk has been
observed in recent years, the present methodologecmirements underlaying the legal

framework are not updated. Therefore, the termuylased here is the one used specifically
in the legal document (HG No. 447 from 10/04/2003).

Within the Geological Survey of Romania studiesavelaborated regarding the assessment
of landslide hazard, triggering factors and théea on slope stability in site territories, were
detailed geophysical and geological engineeringstigations (seismic, geo-electric, bio-geo-
physic ) were performed (Gorj, Valcea, Prahova,esrdBuzau and Dambovita counties).

The methodological requirements for the developnoéhéndslide natural risk maps and the
content of the relative official documents are diésa in the following.

Name of the document

The methodological requirements referring to thebetation and the content of landslides
natural risk maps (No.447 from 10/04/2003).

Purpose of the document

To establish the probability of an area to be affedy soil instability phenomena (caused by
natural or anthropic factors), in order to be ugmdthe application of risk mitigation and
prevention measures, including zoning planning.

Users of the document
Administrative authorities

Type of the documents

The document consists of a report describing theéhodelogy which is used by the
Geological Institute of Romania for the developmehthazard maps. The document is
legally binding.

Scale

Using the methodology, the landslides hazard map praduced at a scale 1:25,000 for
regional territory and a hazard map at a scale®0Q0 for local areas (towns, villages).

Type of hazards. Type and mechanisms of landslides

There is no information regarding the differenbatibetween landslide types in the present
methodology.

Basic documents required

All documents containing lithological, geomorphadtmd, structural/tectonic, hydrologic and
climatic, hydrogeologic, forested, seismic and espiit impact related information.
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Methodology

The methodology used for the elaboration of lan@shazard maps is illustrated in Figure
3-46.

It is based on the following principles:

the analysis criteria are based on eight factocsiterion (see Table 3-21);

three degrees of landslides occurrence potenteakansidered (low, medium, high)
and the corresponding probabilities of landslidesotcur (from practically zero to

very high);

the risk coefficients K (a - h) are calculated depeg on the potential and the
probability of landslide occurrence;

among the triggering landslide factors lithologydageomorphology are considered
the most important;

in order to delimitate an area of the slope, witkspecific landslide potential, the
average hazard coefficient is calculated, usingahewing relation:

()= KO o)+ () k6] k(1) + K o) K 0]

The mentioned relation is used to calculate theameshazard coefficient based on the
value of the “risk coefficients K (a - h)” dependion the criterion presented in Table
3-21. As specified, the used terminology is ratieslear.

- the territory for which the hazard map is elabatagedivided into polygonal areas as
homogeneous as possible with respect to the facieed for the landslide hazard
assessment;

- for each polygonal area the hazard coefficient @K)evaluated, according to the
criteria adopted for analyses;

- finally, using relation (1) the average hazard fioeiht of each polygonal area is
determined, and the landslide risk map is drawn.
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1.1 Identification of landslide affected
areas

1.2 Archive data study

1.3 Landslide mapping

1.4 Landslide inventory

1.5 Identification of stabilization methods
. (if exists)

1.6. Study of local natural conditions
(climate, soil, forestation degree)

3.1 Lithological characterization (through
geotechnical drilling)

3.2 Hidrogeological characterization
(through piezometric wells)

3.3 Geophisical characterization
(electrometric measurements)

4.1. Physical and mechanical properties
of soils

5.1. Laboratory geotechnical data
processing

5.2 In situ measurements data
processing

5.3 Slope stability calculus

1st PHASE
(Qualitative) 1. Location of the research area
7 and data base construction
1
: b
1 1
1 ]
1 1
] P
1 1
1 1
1 1
1 1
| L o]
1 1
1 1
1 1
1 1
] P
1 1
1 1
1 1
1 ]
1 g
1 1
1 1
1 1
1 1
| V- """~
1
' 2. Landslide hazard
e LR map elaboration
1 (1: 25 000 scale)
4
- 77\_ -
R T T ——— 3. In situ tests
1 -
: T
: |
\ |
[ ——
2nd PHASE !
(detailed )
analysis) R TR
1
1
A \
| 4. Laboratory
T T T T geotechnical tests M-
1
! v
e e 5. Data processing
|
1
I T - __-_
! |
i !
1 e e e e - - -
N 1
| 1
f 1
f ]
1 L e ___
' r
N 1
! v
1
, 6. Detailed landslide
R e L hazard map
' elaboration (1: 5 000)
! \
1
! 7. Landslide
Vo vulnerability, material [ __
, and human losses
N assessment
‘ VA
|
1
e 8. Landslide risk map [ _ _
| elaboration
Y%

Data analysis

Risk mitigation strategies

Figure 3-46. Landslide Risk Map Elaboration Phases
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Table 3-21. Criterion for landslide potential antbpability occurrence assessment

Landslide occurrence potential (p)
_ Low Medium High
Crt. é Criterion Landslide probability occurrence (p)
No. & and the corresponding risk coefficient (K)
Practically zero Low Medium Medium-high High Very high
0 <01 0,1-0,3 0,31-0,5 0,51-0,8 >0,8
0 1 2 3 4 5 6 7 8
Lithologic Solid, massive, compacted orSedimentary rocks of overlaying Detrital sedimentary rocks
fissured unweathered rocks formations (deluvial, coluvial and (unconsolidated — saturated,
proluvial deposits) and pelitic plastic clays, with high
stratified rocks (clay slate, marlg,expansive and contractile
calcareous marl, chalk); | capacity); montmorillonitic
metamorphic  rocks (especially clays; small or medium grain
epizone and less mesozone schistsjzed loose silt and sand; salt
highly weathered and exfoliated); breccia
some weathered igneous rocks
2 b Geomor- Plain relief (hydrographic network Hilly relief representative fori Hilly and mountainous relief
phologic integrates mature valleys) piedmont and plateau areas, edgeHighly fragmented by a dense
by medium height slopes with, network of young valleys
generally, medium and high (most of them, subsequent
declivity valleys) with steep and height
slopes
3 c Structural Massive igneous rocks; stratifiedMost of folded and faultedq Geological structures
sedimentary rocks with horizontal geological structures affected hyrepresentative fo
bedding; metamorphic rocks withcleavage and fissuring; diapjr geosynclines areas in flysgh
horizontal schistosity planes structures; overthrust sheetfacies and  molasse
forehead formations from marginal
depressions; stratified
geological structures highl
folded and dislocated,
affected by a dense cleavage,
fissuring and stratification
network
4 d Hydrologic | Generally dry areas with reducedModerate amount of rainfall; the Long slow rainfall conducive
and climatic | average annual rainfall; the debithydrographic network is composegdto water infiltration; heavy
flow is strictly conditioned on the by mature primary valleys| rainfall ~ with  important
precipitation amount; on the river meanwhile, the tributaries areoverflows and solid
bed, deposition exceeds erosipryoung valleys. During floods| discharge transport;
(lateral erosion only on floods) lateral and linear erosion alongpredominant process: linear
with important transport and solid erosion
discharge are being observed
5 e Hydrogeo- | Ground water flow at low hydraulic Moderate hydraulic gradients; tHeGround water flow at high
logic gradients; filtration forces arg equilibrium state of the slope hydraulic gradients; wate
negligible; confined ground water atresponds to the filtration forcessources are located at the
great depths values; phreatic water is situatedbase of the slopes; grourjd
above 5 m depth water flow direction is
outwards; filtration forces
can act as a landslide trigge!
6 f Seismic Seismic intensity on M.S.K* scale|<6 — 7" degree of seismic intensity Seismic intensity onSM
6" degree scale > ¥ degree
7 g Forestry Timbering covering > 80%; Timbering covering between 20% Timbering covering < 20%
extended deciduous forests — 80%; deciduous and coniferolis
forests of various age and width
8 h Anthropic No important constructions on theA number of construction works Overloaded slopes (denge
slopes; water reservoirs are absent (road platforms and railroads, codstvater supply network and
channels, quarries etc) with limitedsewerage, roads, railroads,
extension with adequate slopecoast channels, quarries,
protective measures dumps etc; water reservoirs.
*Medvedev — Sponheuer — Karnik seismic intensiglas¢MSK 64)
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The synthesis results will be materialized in @digmaps of susceptibility to land instability,
all data being processed in a Geographical Infaon&ystem.

At the Geological Institute of Romania studies wdeyeloped also at regional and local
scale, starting with landslide zoning and the elation of landslide hazard maps.
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Figure 3-47. Landslide inventory maps and hazarg$nat regional scale - 1:25,000 (Getic Subcarpatkia
2004)
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Figure 3-48. Hazard Map (according to HG No. 44703Dat local scale —
1:5000 (Prahovei Subcarpathians, 2007)
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The Romanian legislation which standardizes thenwmed elaboration of hazard and risk
maps assigns eight triggering factors: lithologifléh), morphological (Kb), tectonic (Kc),
hydro-climatic (Kd), hydro-geologic (Ke), forestgf), seismic (Kg) and anthropic (Kh).

They are grouped into 3 - 6 classes, accordingstardard scale of O - 1. The probability of
landslide  occurrence is  calculated by a mathematicaelation  (1).
The thematic maps of the triggering factors, basedhe values of the already mentioned
factors, grouped into standard intervals (O - 0@ail - 0,1; 0,2 -0,3;0,3-0,5;0,5-0,8; 0,8 —
1), is meant to create a probability image, at deally scale of work (scales larger than
1:25,000 are recommended and the most recent cayptugal sources possible).

Using this methodology, the landslides hazard nsapl€ 1: 25,000) for regional territory, or
hazard and risk maps (scale 1: 5,000) for locasafeowns, villages), have been performed.
The risk maps represent a standard model to badedieat national level.

Comparing the hazard maps performed on these bageshe active or fossil landslides of
the target areas, an overlapping of more than 7b%eolast categories over the areas with
medium-high, high and very high probability of |atides occurrence is emphasized

Methodological norms

*) Terminology

*)According to the International Standard Terms $Slary for disaster management, edited by
the Humanitary Business Department Geneva 19923,19996 under ONU aegis and
endorsed by the UE members legislation.

Natural disastersare destructive natural phenomemdiich have as a result human and
material losses (heavy rainfall, floods, landslidearthquakes, massive deposits of ice and
snow).

A natural hazards a threat of a naturallgccurring event that will have a negative effeat o

people or the environment. The measure for natoaalard represents the probability of
exceeding the characteristically size of one phesmmn in a restricted area and in a given
period of time.

The anthropic hazardefers to a certain phenomena, usually naturalstiss, which state was
affected by the human activities. This phenomermmalarge scale of development; it grows
from climate changes, regarding the modificatiorthaf rainfall regime (slightly influenced
by human actions), to nuclear explosions (totahiaic influence).

The areas that are exposed to natural hazarel geographical limited. In this regions the
intensity of the values that feature the naturan@menon is highly raised, however the risk
to produce excessive damages is small.

The areas exposed to landslidee regions with high values to slide probability.

The areas exposed to natural risknatural riskzoneare geographical delimited regions in
which the intensity of the values, that characeeiize naturals destructive phenomena, is
high, leading to material and human lives losses.
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The elements that run a risk to natural hazegdresent all the material and persons that can
be affected by the natural phenomenon that canroccu

The elements that run a risk to landslidegresent all the material goods and persons #mat c
be affected by the landslide that can occur.

The destructive features of a natural phenomenanhdéhgender losses represented by that
specific magnitude of the phenomenon which proddosses when interacting with the
constructions structures. As an example we take flibeds that have two destructive
characteristics: the height of water spout and &leo velocity field; the landslides that
develop slowly have distinctive movements.

The destructive features of a landsli@presents that specific magnitude of the phenomeno
which produces losses when interacting with thestaotions structures: the distinctive field
movement for landslides that develop slowly, suésa# shift for regressive development, the
kinetics energy of the sliding masses for fast &ide.

The vulnerabilityrepresents the damage degree (from 0% to 100%gddnsa susceptible
phenomenon that generates human and material losses

The vulnerability of the elements exposed to differdestructive featuresepresents the
amount of elements affected by the natural phenomdéimat causes damage. Vulnerability is
a sub-unit value, noted with O if the elements amaffected or with 1 if the elements are
entirely damaged (lost lives and ruined construnsjo

The vulnerability to landslideepresents the degree of affected elements expodaddslide
action.

The riskrepresents the mathematical estimation of the giidiby to produce human and

material loss for a given region and period of tiiled to a certain disaster. The definition of
the risk applied to a certain phenomenon is thelywb between the probability to cause
human and material losses and the value of theseo

The associated risk to landslidespresents both the material and potential huross ¢aused
by the appearance of these natural phenomena.

1. When the material and human loss are directpa@ated with landslides the risk is the
product between the probability to slide and thee®f human and material losses:

R(m) = P(al) X PM (RON/year)
R(u) = P(al) X PM (human losses/year)

where:

Pal = probability to landslide

V= vulnerability of the exposed elements

PM = maximum material losses caused by total detstrmu of exposed elements
PU = human losses

Rm = annual rate of material losses

Ru = annual rate of human losses

RON = national currency.
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When it concerns primary slow development of lal@s, or reactivated landslides, the
damages both material and human are not maximure. viinerability of the affected
structures by this type of landslide can be exgesaccording to the intensity of the
destructive characteristics. Having in mind thainewability is a random variable that
depends on the variation of stress (S) and resstéR) of the affected slop, it will result the
probability and vulnerability curve of destructigharacteristics. In this case the mathematic
relations are:

R, =Py xT Vi XEM
Fa=Papz i V; 2P
=1

where:

Pae= probability of outrunning of destructive charaidgcs

PM = maximum material losses caused by total detstrm of exposed elements
PU = human losses

Rm = annual rate of material losses

Ry = annual rate of human losses

The sum reffers to the total amouwsftthe exposed elements to landslide hazard.

The natural riskmaps represents contour lines regarding the gpbipa plane distribution

of the probability values to produce human and neltéosses caused by the appearance of
natural phenomena which generate loss, value spégieach natural phenomena and each
destructive characteristics.

The natural riskmaps represents contour lines regarding the gpbipa plane distribution

of the probability values to produce human and neltéosses caused by the appearance of
natural phenomena which generate loss. For areahwshe simultaneous exposed to many
natural destructive phenomena the risk values saemable.

The hazard landslide mapeepresents contour lines regarding the geograptptane
distribution of the probability sliding values ohet probability to outrun the specific
destructive characteristics, generating losses.

The landslide associated risk mappresents the plane distribution of the poteraratual
values of material and human losses, caused bgilslides.

« Hazard matrix
No hazard matrix is used.

- Hazard levels
They exist 3 - 6 classes, according to a standzaie ©f 0 — 1 (see legend).
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Legends

Km<02[ | zero
0.2< Km <03 [ low
03<Km=<04 [ medium
04<Km <05 B medium-high
05<Km <06 [l high
km>06 il very high

Figure 3-49. Legend used for (susceptibility? ordra?) maps in Romania

3.7  SPAIN - CATALONIA

(contributor: UPC)

Spain is organized in autonomous regions. The regicCatalonia has authority over regional
planning and land development, and on civil pravectin what concerns the landslide risk
management, the Catalonian autonomous adminigirdtas followed a different strategy.
These strategies have been conditioned by the aégy of land, the pressure for
development and the socioeconomic impact of theigue landsliding events.

An indispensable requisite for the appropriate &idée risk management is the availability of
both landslide inventories and maps. Cataloniaoregiave promoted landslide hazard maps.
In 1985, the Department of Public Works and Urb&mRing of the Catalonian government
commissioned the preparation of natural hazard fapthe Eastern Pyrenees. Ten counties
were mapped at 1:50,000 scale (Corominas, 198%) pRenomena analyzed were landslides,
snow avalanches, floods and sinkholes and the mekbgy followed a heuristic approach.
The different hazardous phenomena were identifireblacated using aerial photographs, and
checked with field work. Concerning to the landstidfour hazard levels were established
based on the presence of large active movementge ldormant movements, shallow
landslides, and areas where instability procesags hot been identified (Figure 3-50). Due
to the working scale only large landslides or I¢texgdslide tracks were represented with their
real boundaries. Most of the landslide phenomena wkotted with areal symbols (i.e. area
affected by shallow landsliding).

In 2002 the Catalonian Geological Institute (CGBred updating these maps, which have
been renamed as county maps for the preventionhefgeological hazards. The new
generation of maps include the same processesh@usasic seismic acceleration. At present,
13 counties have been completed.

In Catalonia, the Geologic Institute of Catalonias{itut Geologic de Catalunya - IGC) has
the responsibility of studying and evaluating tle®lggical and associated risks, including the
risk due to avalanches. More specifically, theristexarious norms that, for their application,

they make reference to the presence of geologiotret natural hazards: i.e. the Urban Law
(Text Refos de la Llei d'Urbanisme —TRLU), approusddecree in 2005 and modified in

2007 and the Regulation of the Urban Law, apprdwsedecree in 2006.
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Figure 3-50. Fragment of the Natural Hazard Magdl&0,000 scale (Corominas, 1985).
Hazard levels increase with the density of the hagh

To this purpose the creation of Prevention Mapsiftbe Geological Risks of Catalonia in the
scale of 1:25,000 (Mapa de Prevencio de Riscosdgaxs de Catalunya (1:25,000)) and the
development of the related Information System vessgaed to the IGC.

The Prevention from Geological Risks Map of CatadiMPRGC) was conceived as a multi-
risk map that outlines all the geological riskgred territory and identifies the areas that are
susceptible to hazardous events that may geneskesituations. The project initiated on
2007 and will be completed by 2011. Since it iszeent project the intention has been to
integrate new technologies and concepts for thdymtion of the maps.

The term “Prevention from Geologic Risks” is usedralicator of the qualitative rating of the
hazard levels for various hazards. A detailed stisdgecommended for the areas that are
identified as of high hazard and that coincide wilte presence or the future planning of
infrastructures.

A description of the hazard evaluation in Catalasiollowing.

Name of the document

The Geological Risk Prevention Map of Catalonia.
(Mapa de Prevencio de Riscos Geologics de CataltBRGC)

Purpose of the document
The purpose of the document is to support the uaipanand planning.
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Users of the document

The document is intended to be used by adminiggatuthorities, companies and
professionals as a support tool for the plannintpefterritory of public works. Given that it is
an on-going project, the documents are not yetawaito the authorities and the public.

Type of the document

For the project, Catalonia was divided into 304@®cand the hazard maps for each one will
be created. The maps provide a qualitative ratinth@ hazard levels, for different kinds of
hazards. A detailed study is recommended for teasathat are identified as of high hazard
and that coincide with the presence or the futlaempng of infrastructures. The character of
the document is recommending and not legally bdin

Scale

The scale of the maps is 1:25000. The areas wheetaded study of scale 1:10000 is needed
will be indicated on the maps.

Type of hazards. Type and mechanisms of landslides

Types of hazards:

A. Slope movements
B. Torrents

C. Settlements

D. Avalanches

E. Floods

F. Earthquake

Types and mechanisms for landslides:
1) Rockfalls
2) Landslides
Rotational
Translational
3) Flows
Debris flow or rockflows or earthflows
Creep
Liquefaction
4) Complex movements
Rotation and flow
5) Others
Lateral spreading

Basic documents required
Topographic maps at scale 1:25,000
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— Topographic maps at scale 1:10,000
Aerial photos. 1957 1957 (1:33,000), 1977 (1:17)G0@ 1985 (1:22,000).
— Orthophotomaps at scale 1:5,000
Geologic map at scale 1:25,000
— Digital Elevation Model 5x5
Seismicity map for an average soill
— Geo-anthropologic map at scale 1:25,000
Existing information on the Document Management&wysof the IGC (information of
geological risks, flood studies, technical noteconcrete incidents, studies on
geological hazard, reports of technical and ingesibn projects).
— Information provided by historical documents
Other bibliographic sources.

Methodology
The general methodology for all hazards includesféfiowing steps:

Bibliographic and cartographic research
Photo-interpretation study
Survey
Field work
Phenomena inventory and evidences (Inventari dinfiens i indicis)
Susceptibility analysis
Hazard analysis
Digitalization
i. Reporting (memoria)
Detailed step-by-step instructions are providedHerevaluation of the hazard for each one of
the hazard phenomena and landslide mechanism sagara

S@~eooooTy

Hazard matrix
The hazard matrix is the following:

Table 3-22. Hazard Matrix for Catalonia

| Frequency ‘
| low || moderate high ‘
low low low
low hazard hazard hazard
=]
=
= | moderate moderate
= ow
> modlerate| | pazarg hazard hazard
=

. moderate
hlgh hazard - -

For the superposition of hazards due to differér@omena in the same zone, a graphical
representation was established for the identificatif the zones where there superposition
was made and for the indication of the greatesatuaz
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Indicates superposition of zones with hazard due to more than
Low one phenomenon. The greatest hazard is the low hazard
Hazard
Moclerate High
Low Hazard Hazard
Hazard
Indicates superposition of zones with hazard
HLOWd Moclerate -II due to more than one phenomenon. The
azard | Hazard greatest hazard is the moderate hazard.

Modlerate Moderate
Hazard Hazard
Low Moderate Indicates superposition of
Hazard Hazard zones with hazard due to

more than one phenomenon.
The greatest hazard is the
high hazard

Figure 3-51. Superposition of zones with hazard @tumore than one phenomenon

- Hazard level
Three different levels:
- Red: High hazard
- Orange: Moderate hazard
- Yellow: Low hazard
The thresholds for differentiate one level from tiieer depend on the landslide type.

- Legends

For the slope movements, the legend indicatingptfeomena which are attributed with a
hazard level:

| | Esllavissades (Landslides)

| | Esllavissades superficials (Shallow landslides)

Despreniments (Rockfalls)
. Allaus (Avalanches)

* Fluxos torrencials (Torrents)

3-52. Legend used for hazard maps in Catalonia

- Zoning, recommendations-restrictions
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Zoning levels are used to indicate whether acgsitre allowed or not. A detailed study is
recommended for the areas that are identified asighf hazard and that coincide with the
presence or the future planning of infrastructures.
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3.8 SWITZERLAND

(contributor: ETHZ)
Background and objectives

In the Swiss political system, the community leweelministrations that exist below the

cantonal level bear the first direct responsibifity risk management of events associated
with natural hazards (except earthquakes). Thecbasucture, legal frameworks and

recommendations for prevention/protection actiamisvall as financial support and subsidies
for all associated activities are provided by tighbr cantonal or federal authorities (Leroi et
al., 2005). This involvement of the higher cantooalfederal authorities ensures a certain
level of homogeneity in the consideration of ndtinazards; at the same time, it also gives
the local communities the necessary independendesjpaice to plan, design and implement
measures appropriate for their regions.

The procedures, guidelines and recommendationddaard assessment of landslides and
other hazards characterised by mass movementsanelgd in a federal/national document
in German titled “Empfehlungen 1997 : Berucksicutig der Massenbewegungsgefahren bei
raumwirksamen Téatigkeiten” (Recommendations 19%7onsideration of mass movement
hazards in spatial planning and development aes)it(BRP, BWW and BUWAL, 1997)
jointly published by the Bundesamt fir Raumplangngw known as the Bundesamt fir
Raumentwicklung (ARE) — Federal Office for SpatiBevelopment), Bundesamt fur
Wasserwirtschaft (now part of the Bundesamt fur W@ihWBAFU) — Federal Office for the
Environment) and the Bundesamt fur Umwelt, Wald urmahdschaft (now part of the
Bundesamt fur Umwelt (BAFU) — Federal Office foretlEnvironment). This document is
available in German and French.

Further, the structure of a uniform register ofdslide events has been developed, including
special datasheets for each phenomenon (slidds fatis, debris flows) and each canton is
currently compiling the data for its own registdihese databases, called “StorMe”, are
transferred to the Swiss Agency for the Environmé&arests and Landscape to allow an
overview of the different natural disasters andeptil associated damage in Switzerland
(Lateltin et al., 2005).
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In Switzerland, the responsibility for developirptislide hazard maps rests with the cantonal
authorities. Some cantons (for example — Fribodrtp{//www.geo.fr.ch), Schaffhausen
(http://www.sh.ch/GIS-Karten-und-Plaene.663.0.hfmiave made these maps available
online in .pdf or .svg formats on their administatportals. However not all the cantons in
Switzerland are yet to publish these maps online.

Name of the document

“Empfehlungen 1997 : Berucksichtigung der Massemmpuwigsgefahren bei raumwirksamen
Tatigkeiten” (Recommendations 1997 : Considerabbmass movement hazards in spatial
planning and development activities) (BRP, BWW &WWAL, 1997) jointly published by
the Bundesamt fir Raumplanung (now known as thel@samt fir Raumentwicklung (ARE)
— Federal Office for Spatial Development), BundeistimWasserwirtschaft (now part of the
Bundesamt fur Umwelt (BAFU) — Federal Office foetEnvironment) and the Bundesamt
fur Umwelt, Wald und Landschaft (now part of thenBlesamt fir Umwelt (BAFU) — Federal
Office for the Environment).

Purpose of the document

The four main elements of the natural hazard riskagement strategy in Switzerland can be
identified as hazard assessment, definition ofgatain requirements, planning of measures
and emergency planning (Lateltin et al., 2005). Whderlying basis of Swiss national/federal
laws on forest and flood protection is to ensueeplotection of people, assets, infrastructure
and lifelines as well as the environment from ddfe natural hazards. This is translated into
implementable form in additional federal ordinanoes flood and forest protection which
stipulate the establishment of hazard maps by dinéooal or regional level authorities; these
hazard maps are also required to be incorporatedegional master plans and local
development plans.

Users of the document
Administrative national and local authorities andbjic.

Type of the documents

In Switzerland, the landslide hazard and zoning sreae not legally binding documents in
themselves. However when used in conjunction vatidluse planning and applications for
construction / building permits, they acquire aalegharacter consistent with the laws and
regulations governing land use planning and devetoy activities.

The following paragraph has been adapted from f{Letcal., 2005). Since 1991, federal
regulations require the 26 cantons in Switzerlamaegtablish hazard maps and zoning for
mass movements so as to restrict development ardvazone land. Mapping work is still in
progress; the consideration of landslide hazardsmsrarried out at the community level
through the mandatory ten year revision processheflocal land management plan. All
proposed revisions need to be voted in the commooahcil so as to receive a popular

Grant Agreement No.: 226479 Page 9388
SafeLand - FP7



2.1 Rev. No:02
Overview of landslide hazard and risk assessmexttipes Date: 2010-05-25

approval. These approved local land managemens plianthen submitted for approval to the
cantonal authorities. Following this approval, #xetions laid out in the revised local land
management plan (in the form of inclusion of hazavdes and/or inclusion of specific rules)
are required to be followed for any developmenivagtin the community.

Scale

The scale used for the maps is, in general, 1025 J& a few specific locations, maps of
smaller scales (for instance, 1:100,000) also exist

Type of hazards. Type and mechanisms of landslides

The classification of landslides is made in the sSmecommendations BRP, BWW and
BUWAL (1997) on the basis of different parametéscording to the estimated depth of the
slip surface, slides can be classified as shalfdiaei depth is less than 2 m, intermediate if the
depth is between 2 m and 10 m and deep if the demheater than 10 m. If the long-term
mean velocity of the movements is used as the pamanfor classification, the three
categories are sub-stabilized (less than 2 cm/ysbyw (2—10 cm/year) and active (greater
than 10 cm/year).

Rock falls are characterized by their speed (betwi®and 40 m/s), the volumes involved
(between 100 and 100,000 m3) and the size of glements (stone diameter if less than 0.5
m, block diameter if greater than 0.5 m). Rock anehes are defined as events with huge
volumes (greater than 1,000,000 m3) and rapid ugl¢greater than 40 m/s).

Basic documents required

Landslide phenomena maps, register of slope irgjabvents, topographic and geological
maps, digital elevation models.

Methodology
Hazard quantification and development of hazardamap

The hazard quantification process involves therdatetion of the magnitude or intensity of
the hazard event over time. This is usually donenlbgleling the involved processes using a
mathematical, physical and/or empirical model whigh calibrated using historical
information.

The results obtained from the hazard quantificaporcess are classified into an appropriate
hazard class. A hazard map is then obtained byctiegithe hazard class for different

locations on a geographical map. Such a map is tmethe planning of the necessary

emergency, protection and/or prevention measuramstgthe considered natural hazards. An
example of an intensity map and hazard map is showsigure 3-53; this figure has been

taken from Loup and Raetzo (2009).
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Intensity criteria Hazard map
i i . .

Frocess :_notve;/nsny- Medium High / %H{‘/W-b'ii :’ /

Slide v <2 cmiyr | v: dm/yr v > dm/day W P70

Rock fall E<30kJ |30kJ<E<300kJ |E>300kJ

Rock avalanche | - - E > 300 kJ

Earthflowand |e<05m |05m<e<2m e>2m

Debris flow - h<1m h>1m

v = mean annual velocity of slide

E = kinetic energy

e = thickness of the unstable layer

h = thickness of debris deposit

Intensity.
low!
B medium
I high~
\ LA

| 200 m -
B o L

Intensity map

. g 1228
= ’ﬁdekz_’o e (hazard possibly present, ! -
s, ~but level not evaluated) o

Figure 3-53. Example of an intensity map and hazaegp (Source : Loup and Raetzo, 2009)

. Hazard matrix

The significant criteria used in the case of slides the mean annual velocity and/or the
horizontal displacement whereas the kinetic energympact is used for rockfall events. The
criteria for the intensity of different landslidazards and the corresponding magnitudes as
suggested in the Swiss recommendations BRP, BWW BUWW/AL (1997) are given in
Figure 3-54; this figure has been taken from Latedt al. (2005).

Process

Rock falls
Kinetic energy

Slides
Mean annual velocity
Displacement

Debris flow
Debris front thickness
Debris flow velocity
Depth of soil material

(potential debris flows)

Intensity
Low Medium High
<30 30300k =300 kJ

<2anfyear 210 cm/year =0.1m/day

= = =1 m/event
- =1m =1m

- <1m/s =>1m/s
0.5m 05-2m =2m

Figure 3-54. Criteria for intensity and magnitudes different landslide hazards
(Source: Lateltin et al., 2005)

Corresponding to three ranges of return periods30,-30 — 100 and 100 — 300 years, three
levels of probability of occurrence are considessdl denoted as high, medium and low

Grant Agreement No.: 226479

SafeLand - FP7

Page 9488



2.1 Rev. No:02
Overview of landslide hazard and risk assessmexttipes Date: 2010-05-25

respectively. For a given reference period n (\@lae30 or 50 years are suggested in the
Swiss recommendations BRP, BWW and BUWAL (1997)g telationship between the
probability or occurrence p and the return periochih be expressed as:

)

For the different landslide hazards, the standevels for the intensity and return period are
combined in a matrix diagram to yield five hazaddsses (as identified in the Swiss
recommendations BRP, BWW and BUWAL (1997)) — higizdrd (red), moderate hazard

(blue), low hazard (yellow), residual hazard (yeHwhite hatching) and no known hazard
(white). This is shown in

“Continuous” “Spontaneous” processes
processes - rock avalanche

- slides

high
high

Intensity
medium
Intensity
medium

YELLOW:
low hazard | - rock fall
- slides and flows

low
ow

high medium l low
30 100 300 years

Probability

Figure 3-55. Matrix diagram combining intensity apigbbability of occurrence
(Source: Loup and Raetzo, 2009)

. Hazard levels

YELLOW: low hazard

« People are at low risk of injury.
« Slight damage to buildings is possible.
The yellow zone is mainly a warning area.

YELLOW-WHITE HATCHING: residual hazard

Low probability of high intensity event occurrence can be designated
by yellow-white hatching. This is a warning area.

WHITE: no known hazard,
or negligible hazard, according to present status or knowledge.

Figure 3-56. Description of hazard classes (Soutarip and Raetzo, 2009)
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The intensity of a hazard is categorised into ohthiee different levels — high, medium or
low. This classification is based on the selectdman appropriate criterion or parameter that
is identified to be the most significant for thezaed under consideration, usually based on the
physical considerations associated with the process

Two more classes are used to express residualarichown hazard. The five hazard classes
correspond to different degrees of danger to peadsets, and infrastructure which are
described in the following figure; this figure hasen taken from Loup and Raetzo (2009).

. Legends
The following legend is used for the hazard maps.

Hazard
low
moderate
B

indek gj.qng (hazard possibly present,
but level not evaluated)

Figure 3-57. Legend used for Switzerland hazardsnap

. Zoning

Zoning is related to the hazard classes or levetenbed in Figure 3-53. In the red zone or
the prohibition zone, no construction or instatlatactivity is allowed. In the blue zone or the
restricted zone, buildings are allowed only undatain conditions depending on the nature
of the hazard. The yellow zone is the warning zwhere land development and construction
is possible but landowners need to be informedhefixisting hazards.
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3.9 UNITED KINGDOM

(contributor: TRL)
Introduction
National landslide database and landslide hazard asssment for Great Britain

In the UK there is no legal requirement or regolatior the production of landslide hazard
maps. However, the British Geological Survey (BG&e developed the National Landslide
Database and the Landslide Hazard Assessment éat Britain.

National Landslide Database

The National Landslide Database covers Great Br{facotland, England, and Wales but not
Northern Ireland) and is maintained by the BGSdounent landslides across this area. The
primary source of information is the National DajitGGeological Map (DiGMap) at 1:10,000
scale (DiGMapl10) and 1:50,000 scale (DiGMap50).isTas been supplemented by other
data collected through media reports, site invaitgs, journal articles, information from the
public, and some regional databases which wereitedeor compiled by the BGS since the
1970s, and new direct field mapping. (Foster e2808).

Each landslide within the database is documenteflilgsas possible with information on
location, name, size and dimensions, landslide, tyger, damage caused, movement date,
age and with full bibliographic reference. BGS lggests are required to complete a pro-
forma on which to record data on any landslide redppowever, it is appreciated that time
constraints can sometimes mean that only someeafeflevant attributes are collected. Up to
70 different types of spatial, temporal, physiaad &nvironmental data (also, where available
information on socio-economic impacts) are stordtthivthe database. The database is the
linked to a GIS which displays the landslides asifppdata. (Foster et al., 2008).

Since the data is stored within a fully relatio@®ACLE database it can be accessed through
typological (Microsoft Access) or geographical (&1S) interfaces. Operation of the
database complies with regulations that governonatiarchive databases in UK whereby
each data table is linked to a history table tlabrds all changes made to the database
(allowing for auditing of all information within thdatabase). (Foster et al., 2008).

The National Landslide Database uses BGS standatibrdiries for lithological and
stratigraphical nomenclature, and nationally artérimationally recognised dictionaries used
for other data tables (eg location, damage typehere possible, details of each landslide are
recorded using terminology from the World Landslideentory. (Foster et al., 2008).

Landslide Hazard Assessment for Great Britain

Name of the document

Using the National Landslide Database the BGS hawdertaken a Landslide Hazard
Assessment for Great Britain, which is presenteGesSure.
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Purpose of the document

To identify areas which are susceptible to lan@slidind other geohazards across Great
Britain.

Users of the document

GeoSure is used by Government planners, insuraoro@anies, and utility operators, and is
available to citizens through online “resellersFor the most part GeoSure is accessed
through automatically generated reports for a gieeation (BGS GeoReports). (Foster et al,
2008)

Type of document

GeoSure is a GIS based model. The results of tbhdemare stated to be purely for
information and as having no legal implications.

Scale

The GeoSure model has a 1:50,000 working scalemithie-criterion analysis was completed
using grids which were then converted to a polyfilenfor distribution and use. Polygons
have a pixilated form inherited from the grid whishconsidered helpful in enforcing the
resolution of the data (i.e. when a user zooms meyin50,000 it will have a very blocky
appearance) (Foster et al., 2008).

Type of hazards. Type and mechanisms of landslides
GeoSure covers the following geohazards:

» Collapsible deposits;

» Compressible ground;

* Landslides (slope instability);

* Running sand;

* Shrink swell; and,

* Soluble rocks (dissolution) (BGS, n.d. a).

In the case of landslides failures in earth, raok] debris are included. It encompasses the
following mechanisms:

* Falls

* Topples

* Rotational slide (slumps)

* Translational (planar) slides

» Spreads

* Flows

» Complex slides (BGS, n.d. a).
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Basic documents required

The key causative factors which have been usdteimiodel are:

* Slope angle: Derived directly from NEXTMap digiterrain model of Britain
(original resolution of 5m, which was resample®%m for use in GeoSure as it was
too memory intensive);

* Geology: Digital geological polygons assigned arscbased on potential of that
material to fail (taking strength, permeability daknown susceptibility of lithologies
into account along with slope angle); and,

» Discontinuities: Detailed information is not costeintly available for most rock types
across Great Britain. Categories defined in acaed with British Standard 5930:
Field Description of Rocks and Soils (BSI, 1990y &ieniawski’s Engineering Rock
Mass Classifications (1989) (Foster et al., 2008).

As such the documents that are required include N&2p digital terrain information,
geological information, and discontinuity informatieither site specific or inferred.

Methodology

Landslide hazard in GeoSure was developed by th® B®ster et al., 2008) using elements
of both deterministic and heuristic approaches:
* Heuristic: Expert judgements were used to assess céassify the hazard and
determine likely causative factors of landsliding.

» Deterministic: The presence of causative factoesgessed in the GeoSure model and
rated according to its relative importance (in cagisslope instability). Although
described by the authors as ‘deterministic’ thesadly contains elements of heuristic
judgement and might be better described as ‘Detestia/heuristic’ or ‘Semi-
deterministic”.

The factors listed above were then combined usimgl&-criterion technique which applies a
series of rules against the available data to dewd hazard ‘score’ for each location in
Britain where high scores indicates that the comast mean there is a potential for future
sliding (and does not define whether sliding hagpleaed in the past or will occur in the
future). Problems were encountered with slope iiadedue to tree stands and man-made
embankments although the issue with trees haslbegely rectified. (Foster et al., 2008)

Hazard matrix

No information has been found to be publicly avad#aregarding the combination and
weighting of the factors within the hazard matrix.

Hazard levels
For landslides GeoSure has 5 hazard levels rarighngA (low) to E (high) (BGS, n.d. b).
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Legends

A (low)
B

C

D

E (high)

Figure 3-58. Legend used for hazard mapping

Zoning

The results of GeoSure are not used for the puspo$ezoning areas for development.
Instead, this matter is covered by Planning PdBaydance (PPG) 14.

Planning policy guidance: development on unstablehd

In the United Kingdom the issue of development ostable land is covered by Planning
Policy Guidance (PPG) 14: Development on Unstélbled (DoE, 1990), with landsliding

considered in more detail in the supporting docurdemex 1: Landslide and Planning (DoE,
1996).

PPG 14 relates to the three main causes of grawstalhility:

- Underground cavities;
- Unstable slopes; and,
- Ground compression.

Both natural and man-made causes are considerds, (¥30). Ground instability has been
recognised as a hazard due to its potential dirgk$ to humans and buildings/services, and
associated indirect risks. It is acknowledgedha Guidelines that development itself may
trigger instability in locations where it has noepiously been reported.

Landslide classification as used in the Guidelisdsased primarily on the type of movement
ie mode of failure and landslides have been divideul

- Falls;

- Slides; and,

- Flows.
It is recognised that a landslide can contain aleoation of these movements. A further
sub-division is cognisant of the importance of skide material itself which is divided in the
Guidelines into:

- Rock (bedrock) ,

- Debris (coarse engineering soils), and

- Soil (fine engineering soils).

The Guidelines provide advice to local authoritiesdowners and developers on the way in
which UK planning controls can be exercised whereetbpment is proposed on land which
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is known to be unstable, or which is consideredepivdlly unstable. They place
responsibility for determining whether or not tled is stable with the developer, who is
required to undertake appropriate investigatiorolider to determine whether or not it is
stable. Local authorities are not responsible iforestigating ground conditions at a
development site although they have the power tarebmost developments, and they are
responsible for controlling certain aspects of dgwament through the Building Regulations
and Housing Acts. Should it be determined thatdhd is potentially unstable the onus is on
the developer to ensure that this is overcome withé scope of the proposed development
by either appropriate remedial or preventative messbeing implemented, or in the extreme
by avoiding development altogether. (DoE, 1990).

Planning control in the UK is exercised by grantargvithholding planning permission for a
development. One of three outcomes can be set dowmplanners as detailed in the
Guidelines:

- Planning permission granted without conditions: eTHevelopment is not
adversely affected by instability, nor will it adgely impact the stability of
neighbouring ground.

- Planning permission refused: Instability cannobfercome.

- Planning permission granted subject to conditionBhe conditions are those
measures that would be required in order to malke dtinerwise potentially
unstable ground safe for development.

PPG 14 Annex 1: Landslides and Planning (DoE, 198k}es specifically to landslides and
unstable slopes in the context of the UK planniygfesm, and in conjunction with PPG 14 are
in place to advise local authorities, landownerd davelopers on land use and development
planning controls for sites that are on or adjat¢eninstable and potentially unstable slopes.
They provide supplementary information on the héizard the way in which it can be dealt
with.

In the UK, Building Regulations and the planningteyn are the main strategy in ensuring the
risk of slope instability is dealt with approprigte However, the Building Regulations alone
do not cover all relevant aspects of slope stglaitgely because some buildings are exempt
from the Regulations, and many activities which @@ginent in slope stability do not require
approval under Building Regulations. As such, plenning process comes into its own in
ensuring that slope stability is addressed in dgraent. (DoE, 1996)

Annex 1 (DoE, 1996) also provides guidance for ligganning authorities who are keen to,
or for whom it would be pertinent to, assess laddsl within their area of jurisdiction. A

phased approach which has been implemented sugktgssfthe South Wales Coalfield and
at Ventnor, Isle of Wight is described as summadrizelow:

1. Preparation of a landslide inventory;

2. Consultation of BGS maps and records as well agroiodies and information
sources;

3. Use of aerial photography interpretation, with dighspection and reconnaissance
geomorphological mapping to supplement as necessary

4. Trial trenching within the development site in aeahich have previously been
affected by periglacial solifluction where numeralgear surfaces may be present at
relatively shallow depths;
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5. Consideration of other key slope stability fact@s. slope angle (DoE, 1996).

Development on unstable land, including that whishdesignated as unstable due to
landsliding, is therefore prevented by a combimatad Building Regulations and local
authority Planning Controls. PPG 14 has only hagslace since 1990 therefore it is implied
that developments prior to this date may not satisfrent requirements. Even now a small
number of developers do not operate fully withinatvis required of them. Furthermore,
developers, planners, and all others involved & diecision making process are reliant on
being provided with robust information gatheredhirceliable sources.

Example: Scottish road network landslide study: Haard assessment

The methodology used to create GeoSure and thatilded in PPG 14 do not define how
landslide hazard is assessed in the UK. Landsimeard assessment can be tailored to
specific requirements, a good example of whictésScottish road network landslides study.

The Scottish Road Network Landslides Study (SRNUS)plementation (Winter et al.,
2008a) report presented the methodology utilisedafGcotland wide debris flow hazard
assessment. The study was implemented followisgrees of debris flows in 2004 which
impacted the Scottish trunk road network.

The hazard assessment was initially undertakerh®yBGS and the study’s working party
using a GIS-based assessment to identify areastmatipotential for triggering debris flows
using three data sources were used during this:stag

- BGS DiGMap;
NEXTMap Britian; and,
— CEH (Centre of Ecology and Hydrology) land use dBtarrison et al., 2008).

The five key components that contribute to dedos/thazard in Scotland were focussed on
and included:
— Availability of debris material;
Hydrogeological conditions;
— Land use;
Proximity of stream channels; and,
— Slope angle (Harrison et al., 2008).

Utilising the knowledge and experience of the wogkparty each of the 5 factors listed above
were weighed such that the relative importance afhecould be expressed. Different
scenarios could then be modelled, which were veditldy real-world examples known to

members. (Harrison et al., 2008)

The five factors above were combined in a GIS ghahtheir distribution could be analysed,
and in order to spatially combine their contribgtimazard scores, using grids with 25m cells.
The result was a 1:50,000 scale model with a legéndh summarised the data into 5 classes
ranging from A (least potential to initiate debfisw landslides) to E (highest potential to
initiate debris flow landslides). The model wasisidered a success as it identified the areas
of the 2004 events as being of high potential tiaite debris flows. (Harrison et al., 2008)
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Intrinsic to the study was the need to relate theahd assessment to the 3,200km trunk road
network. The GIS-based model therefore providetheing point for more detailed hazard
assessment along the road network. This desk lsigdg comprised the inspection of the
entire road network using:

— The GIS output layer from the hazard assessment;
1:50,000 scale Ordnance Survey digital mapping; and
— Low resolution aerial photographs where availalddnger et al., 2008b).

In doing so the spatially distributed potential ttebris flow triggering conditions could be
linked to on-the-ground factors such as flow paththe section of road in question (Winter et
al., 2008b). For areas in which the GIS study sdtbw potential hazard an assessment of
whether the hazard could reach the road networkdctherefore be made from which
sections of road could be categorised as:

— Main study: Lengths of route where significantgratal hazard was identified;
Opportunistic: Sections of road where the hazaad wo low to justify a main
detailed study within the project, but which shoh&lconsidered and reassessed if
and when any major works are proposed; and,

— Other: Assessment determined that no potentiardamas present and, in terms
of the road network, the site was benign (Wintealgt2008b).

The main study sites were then further assessethéoseverity of the potential hazard and
were ranked accordingly (1. most severe to 4: tesswerity). This allowed sites that
required further, specific study to be identifigtligter et al., 2008b).
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4 RISK ASSESSMENT PRACTICES

In comparison with the landslide hazard assessmestiewed in section 3, the official risk
assessment practices are scarce in the European ®res is due to the relatively less
information on vulnerability issues. In this seatithe risk assessment practices that have
been adapted by National authorities (France, RBa&sins of Arno, Liri-Garigliano and
Volturno River Basins in Italy) are presented.

41 FRANCE

In France, the PPRN (“Plans de Prévention des R&dNaturels” or risk prevention plans)
that is described in section, besides the hazaq malude the elaboration of the Map of
major asset, which permits the landslide risk assest. At section 3, there are is provided
information concerning the risk prevention at logat regional level.

Map of major asset

The inventory of the stakes consists in analyzirgglanduse characteristics considering both
the existent and the future developments.
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Figure 4-1. Example of Risk map with the PPRN RAM.
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This analysis allows identifying the major assatshsas establishments receiving public
(hospital, schools, campsites, etc), strategicdingls (fireman's barracks, water drinkable
tanks, etc), and areas of major economic activifiedustrial buildings, etc) as well as the
communication capabilities (roads, railways, poweads, etc) which threatening may
aggravate the risks during a major event.

The cross-correlation of the hazard map and the ofamajor assets allows identifying
qualitatively the main risk areas to be protectigtke risk zoning consists in three risk classes
(red, blue, white) and delineates zones in whig@v@ntion measures have to be taken.

Thus, red zones can concern zones where the msadpeevention are impossible or too
costly, so no construction will be authorized.

Risk prevention plan at local level

In France, the PPRN (“Plans de Prévention des R#sdNaturels” or risk prevention plans)
are the reference tools of the State for the reigmaf zones subject to natural hazards, and
notably to landslide hazards.

The administrative division level in charge of theplementation of PPRN is the

“département” (territory around 6,000 km2 in averathat includes around an undred of
townships). The State is represented at this lbyeh “préfet” who is responsible for all

decision involving the state at “department” lewée is supported and technically advised on
PPRN issues by the departmental division of pubiirks designated as DDE (“direction

départementale de I'équipement”).

It is the "préfet” who can prescribe a PPRN foowrtship of his "département” if he judges it
necessary (for example if an important event oeclim the past in the town territory, or if an
evaluation of the landslide hazard at a coarseeamadlerlined high hazard zones within the
town area). These plans are financed by the Stimeever, even if the town is not involved
in the financing of PPRN studies, a PPRN is noessarily considered very advantageous by
the town representatives: the PPRN zoning couldyirtipe depreciation of some areas if
declared not suitable for construction by the st@tynsequently, the town representatives are
also part of the decision of prescribing a PPRMrirarea at risk, not by the law, because they
can set many administrative obstacles that wiveneé the PPR for being realized.

Contrary to the seismic risk PPRN, whose realirai® quite codified, there no official
procedures for the realization of landslide riskRIRP The only document that standardizes in
some way the content of those studies is the “Gmidthodologique plans de prévention des
risques de mouvements de terrain”, (guidelines tfa landslides PPRN), which is a
document edited by the MEDDM (“Ministére de I'Eagie, de I'Energie, du Développement
durable et de la Mer”, Ministry of Ecology, Enerd@tistainable Development and Sea). This
guide exposes the main steps of the realizatica wéll-structured PPR and illustrates them
with examples.

According to the different studies carried out iarce in the last decades, a PPRN can be
divided in 2 parts: the realization of a technisaldy and the establishment of regulation
actions from analyses of the technical study result
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The technical study

The technical study can be performed by any qedlingineering office. An agreement
between such office and the State can be metaitéwvitation to tender, or directly over the
counter. The public institutes, such as the BRGah loe employed to realize such studies; in
practice they are often excluded of the invitatiortender, because the State is interested in
the possibility of using their expertise to evatutite quality of the technical study delivered.

The result of this study consists mainly of 3 magpsnap making the inventory of the land
instabilities occurred in the past, a hazard magh @ammap locating the elements at stake.
Usually, the scale is specified by the State instioely specification. It is often set to 1:25,000
for the inventory maps, and 1:10,000 for hazardrassldmaps. In some cases maps at 1:5,000
scale are produces in densely populated areas oroimtain environments. At first, the
perimeter of the study is settled: the areas ptori@nd-moves, where detailed studies should
be carried out are listed. Sectors which coulddresiciered geologically homogenous are also
underlined, so that more data about each landsipkecould be considered.

Then, an inventory of the events that occurredhat &rea is performed. The data used in most
of cases is the BDMVT database (www.bdmvt.net ,s88ae Données Nationale sur les
Mouvements de Terrain”, managed by the BRGM), wiigts the land moves that occurred
in the past over the French territory, aerial prejbies, images taken directly from the
investigated sites, available maps and the BDS&bdat (“Banque de Données du Sous-Sol”,
managed by the BRGM), which makes an inventoryemfi@gical and geotechnical boreholes
realized for different kinds of studies. Finalljietdataset is completed by the examination of
representative sites by an expert (new soil sampliare not usually done).From this
information, the types of land moves that shouldcbesidered in the PPRN are defined by
expert analysis.

Afterwards, adapted hazard zoning is performed. thts purpose, GIS processing and
computing are most of the time used to elaboratpsntd predisposition factors, such as
topography, geology, land-use... that are crossell etlters to identify zones featured by
highest hazards. These systems allow a better hemedy in the risk zoning. Sometimes,
studies are only based on expert judgements, buta@easing number of more quantitative
studies have been carried out recently. In sucHiestuthe method for crossing factors is
based on weights attributed to each predisposftotor. In a few studies, the weighting is
totally empirically based, and the results havédovery cautiously interpreted. The studies
are more reliable when the weighting is based physical background (equation of stability,
etc).

Most of the time, the hydrology is not studiedislonly considered if previous study already
exists because such investigations are often exgeasd phenomena are complex.

Finally, a map of the elements at stake, locatir@n areas, public infrastructures and roads
is created. Ideally, areas in construction or plate be urbanized have also to be listed.
However, the economic consequences of referenagte®r example intense rainfall that
could trigger landslides) are most of the time naftculated in detail. The vulnerability
function of constructions is most of the time restd to binary (intact or destroyed), and no
classified states of damage are estimated. Somgtiameemergency plan can be joined with
the technical study, but it is very exceptional.
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Figure 4-2.Map making an inventory of the past land moves
in Sievoz (Isére) (Source: guide méthodologique)

Risk Levels

The inventory of the stakes consists in analyzivgland-use characteristics considering both
the existent and the future developments. Thisyammahllows identifying the major assets
such as establishments receiving public (hosmtdipols, campsites, etc), strategic buildings
(fireman's barracks, water drinkable tanks, etc)d areas of major economic activities
(industrial buildings, etc) as well as the commati@n capabilities (roads, railways, power
roads, etc) which threatening may aggravate the dsiring a major event.

The cross-correlation of the hazard map and the ofamajor assets allows identifying
qualitatively the main risk areas to be protect#ue risk zoning consists in three risk classes
(red, blue, white) and delineates zones in whigv@ntion measures have to be taken.

The regulation

The regulation is usually taken in charge from thehnical study results by the DDE.
However, in some cases, the engineering office vimade the technical study can propose a
regulation, but the State always decides at theoéttie regulation that should be enforced.
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Figure 4-3.Map locating elements at stake in the town of Luchon
(Haute Garonne) (Source: guide méthodologique)

At this step of the PPRN, the town area is clasgifin 3 zones depending on the level of
hazard calculated in the technical study: a higralthzone where new constructions are not
permitted (red zone), an area were constructioesadlowed but conditions have to be
fulfilled (blue zone) and an area with no restoies (white zone). The difficulty of such
work is notably due to the fact that the land plaftshe town land registry don't fit perfectly
with the hazard zoning of the technical study, aadhe regulator has to adapt the zoning on
an individual case basis. Moreover, the condititiag must be fulfilled in the blue zone must
be adapted to the type of hazard pending on eauh péot, and must also be set on an
individual case basis. Finally, a regulation impagthe houses within the red zone must be
set (for example, if the house is destroyed bye fvould the owner be allowed to build it
again? And if the house is destroyed by a landslideld it be the same rule?).

Landslide hazard and landslide risk at medium scaléevel (departmental of regional)

Recently, a few studies at coarser scales thanPfieN have been performed: a good
illustration is the “department” scaled study reedl by the BRGM in the Jura in 2009.
Depending on the scale, such studies could haweaminformal interest: that was the case
for a study of the landslide hazard in the “régi®RCA (Provence-Alpes-Coéte d'Azur) that
has been realized by the BRGM in 1999. Howeversehstudies could also have more
practical uses: for instance, helping the Statéaiites to decide where PPRN have to be
performed, or harmonizing PPRN plans inside a whddpartment”.

The processes employed for the realization of sstcldlies is quite similar to the ones
performed in the PPRN, but some major differencesdcbe raised:
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Localisation N°de la zone Type de réglement N°de la zone d'aléa
réglementaire correspondante
Bois de la Joux, Corne a Bouc 212 H 200
Torrent des Cheserys 213 X 196
Les Cantelliéres 214 J-F 198
Secteur des Tines au Col des Montets 215 HI 197
La Joux 216 C 193
La Joux 116hbis C-E 193
Les Cordays, Plans Dessous 217 D 195
Plans Dessous, Les Grosses Pierres, Les Gliéres 218 X 102
Ruisseau des Plans 219 X 194
Les Pormoins 220 X 192
La Chauffriaz 221 X 190
Ravin de la Trappe 12 X 187
Torrent de la Trappe 213 X 180
La Chauffriaz 224 I-C 188
Raverettaz 225 HI 186

Figure 4-4. Extract from the regulation of the PPRN of Chamonix (Haute Savoie): rules
are applied for each land plot depending on the hazard zoning.
(Source: révision partielle du PPRN, commune de Chamonix Mont-Blanc, reglement).

- As the level of details required is lower, less site investigations could be
performed,;

- The event inventory is obviously less exhaustive;

- Information about all physical proprieties influamg the stability of slopes that are
usually considered in PPRN may not be availableysugere in such important areas:
consequently, the models employed are often simpler. less instability
predisposition factors are crossed with the Gl$stoo

- Arrisk evaluation on the investigated area may édopmed, but the results of such a
study would be at a macro level. (For instancey dhke percentage of buildings
destroyed in each town will be computed).

In France not all regulatory zonation maps of PP&&l available online. The Departments
(e.g. Prefecture) are incitated to develop an enhocess through WebGIS procedures in
order to give information to a possible buyer déiad or a building to know beforehand the
regulations applicable (Information Acquéreur Lada, IAL), but it depends. For instance,
on-line maps are avaimlable for the PPRN of Depaetg "Alpes-de-Haute-Provence" at
http://www.alpes-de-haute-provence.pref.gouv.frgstbAL/ then  selection of the
Municipality (eg. Commune) and selection of the RFARap.
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4.2 ITALY
4.2.1 Legal framework

In Italy, the landslide risk zoning is in chargetioé River Basin Authorities (3.4.1) within the
Hydrogeological Setting Plan — Landslide Risk pcojéL. 183/1989; L. 365/2000). In

compliance with Governmental requirements (D.P.C29/09/98), four risk classes are
identified according to the expected consequereéandslides. In particular the risk level is
considered to be:

- Very high (R4), where human life loss and destam of buildings, infrastructures and the
environment as well as the interruption of econoatitivities are expected,;

- High (R3), where victims, functional damage taldings and infrastructures, as well as
partial interruption of economic activities are pire;

- Medium (R2), where limited damage to buildinggrastructure and the environment may
occur;

- Low (R1), where social, economic and environraedamage are of marginal relevance.

4.2.2 Southern ltaly

Two indicative risk assessment practices that hlagen followed by the River Basin
authorities in Southern Italy are reported here:Nfational Basin Authority of Liri-Garigliano
and Volturno Rivers and the Regional Basin Autlyoof the “North-western” Basin of
Campania Region.

4.2.2.1 National Basin Authority of Liri-Garigliano and Voturno Rivers

(contributor: UNISA)

All over the towns (450) located in the territory the National Basin Authority of Liri-
Garigliano and Volturno rivers, the PsAI-Rf Projecnes the landslide risk (R) at 1:25,000
scale together with areas which are not urbanie¢cyd are considered as expansion areas in
the urban-planning scheme. Risk (R) is evaluatetrding to the Varnes and IAEG (1984)
formula which calls for the separate estimationhakard (H), elements at risk (E) and
vulnerability (V).

As highlighted in 3.4.2.1, the hazard (H) is refat® the landslide intensity (i.e., the
maximum expected velocity) and its state of adgtivithe term E is assumed equal to 1, but
critical buildings (e.g. hospitals, barracks, sdepare identified and located on the map. The
vulnerability V is estimated taking into accoung tlandslide intensity and the typology of the
element at risk; the presence of landslide-indwdtaadages is also considered when buildings
for civil use, roads, lifelines and control workgeract with landslides classified as “medium”
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or “low” intensity (damages were recorded durirgdisurveys and evaluated according to a
simple classification system).

The following vulnerability classes are, then, bbthed:

- High: for facilities interacting with landslided medium intensity, with a severe recorded
damage;

- Medium: for facilities interacting with landslidef medium intensity, with a low (or absent)
recorded damage;

- Modest: for facilities interacting with landslislef low intensity, with a severe recorded
damage;

- Low: for facilities interacting with landslidesf dow intensity, with a low (or absent)
recorded damage.

The vulnerability of the critical elements at rigkospitals, barracks, schools, etc.),
independently from the presence of landslide-indudemages, is assessed as “high” when
the element at risk is located inside a landslidessified at “medium” intensity; and
“modest” in the case of a landslide having a “lamtensity. Finally, (V) of all the elements
at risk in an area threatened by a landslide d¢ladsat high intensity is automatically
included in the “high” vulnerability class.

Once hazard and vulnerability are estimated, tBk levels are defined using the matrix
shown in Figure 4-5.

In this way it was possible to classify the landislrisk over the whole NBA LGV territory
with the exception of small areas where furtheestigations and studies, at a more detailed
scale, were considered necessary.

I HIGH MEDIUN LOW
HAZARD H H M H M
— - =+ [

. high
f— R3
Z medimm Hmm Mm
g R2
5 modest Hm Mm
> low Hl Ml R1

Figure 4-5. Nominal scale for risk level estimati@ascini, 2005a; Cascini et al., 2005).

Starting from the results of the landslide risk ingn the document dealing with “restriction

codes and safeguarding measures”, which currestlg significant part of the land-use

planning, establishes policies to be followed witllhe areas where a given landslide risk
level is recognised.

In particular, these policies, in very high (R4idngh (R3) risk areas, as well as in high (A4)
and medium-high (A3) attention areas (Section 314,2impose that building and
morphological changes are forbidden, with some gti@es concerning public (or of public
interest) works referring to essential servicesclwlhgan not be delocalised. In the medium
(R2) and moderate (R1) risk areas, as well asamrtbdium (A2) and moderate (Al) attention
areas (Section 3.4.2.1), the build-up of both mubhd private works must be preceded by

Grant Agreement No.: 226479 Page 11338
SafeLand - FP7



2.1 Rev. No:02
Overview of landslide hazard and risk assessmexttipes Date: 2010-05-25

accurate studies aimed at defining their hydro-ggiohl compatibility with the current status
of the territory.

It is worth noting that designs related to the aegring works must be accompanied by the
so-called Study of Hydrogeological Compatibilitygly commensurate to the importance and
size of the works as well as to the type of thel&ide phenomenon and risk level of the area.

The SCI must verify that:

a) the engineering work agrees with the Plan, theioisin codes and the safeguarding
measures;

b) the realisation of the work guarantees [...] the laatkty according to the art. 31 of
Law 183/89 on the basis of three criteria, nam@gpulation safety, impending
damage, harmonious development;

The hydrogeological compatibility of the work miogt

a) verified on the basis of the instability phenoménalving the areas at landslide risk,
as detected by the Plan;

b) assessed on the basis of the definition and thailettinterferences between the
detected hydrogeological instability phenomenataedand-use;

C) evaluated via the comparison of the proposed eagimg work with the estimated landslide
risk level as well as to the consequences on thiecgmment.
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4.2.2.2 Regional Basin Authority of the “North-western” Bas of Campania Region

(contributor: AMRA)
The Landslide Risk Map (Figure 4-6) was preparembeting to the four classes defined in
current Italian legislation (D.P.C.M. 29/09/98).

Figure 4-6. Landslide Risk Map. Legend: 1) Venhhigk (R4);
2) High risk (R3);3) medium risk (R2); 4) Moderdkel); 5) Area whose
classification requires more detailed studies.

This map results from the cross-checking of infdrora from the described Landslide
Relative Hazard Map with data on the urban layouthe territory, represented in the
Exposed Value Map. In particular, it stems from dipplication of a matrix (Figure 4-7 ) with
three degrees of susceptibility and four level®ofential Damage. Damage (D) is defined as
the expected loss of property and/or human life iarttie product of the Exposed Value (E)
and Vulnerability (V). Four categories of ElemeatsRisk were identified (AA. VV., 2002),
ranging from very high (E4: urban and industria¢as, protected areas, etc.) to high (E3:
main infrastructures, etc.), moderate (E2: agnicalt areas, minor infrastructures, etc.) and
low or null (&: uncultivated fields). To ensure safety, consulgrthe high intensity of
landslide events, we set V = 1 (maximum value); tisk level was therefore calculated
through the equation:

R= P*D

Many mountainous regions (generally belonging toahe class P3 or P2) are protected areas
of high environmental value (E4€3); even though in these areas no urban setttlsraed/or
important infrastructural networks are present, rttarix (Figure 4-7) attributes them to risk
class R3r R4.

The adopted procedure allowed to evaluate by mears GIS, the areal extent, for 62
municipalities, of the total area falling in highs€& 16.5%), medium (P2 6.3%) and low (P1

= 5.1%) hazard classes and in the four risk categ@Rd = 16.8%; R3 = 7.4%; = 3.1%;

R1 = 1.8%). Considering only the areas with settles@mirastructures classified as-Ry4
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(the most important in terms of the safety of intatis), hence excluding the protected areas,
the relative percentage decreases significantly.

Pn SUSCEPTIBILITY
Rk=PnxDm P3 P2 P1

D4 R4 R4 | R3
D3 R4 R3 | R3
D2 R4 R2 | R2
D1 R3 R1 R1
D1 R2 R1 R1

Dm
DAMAGE

Figure 4-7. Risk matrix
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4.2.3 Central Italy

The procedure followed for the risk assessmenhbyArrno river Basin Authority is presented
here.

4.2.3.1 Basin Authority of Arno River

(contributor: UNIFI)

In Italy, according to the Hydrological Setting Plésee section 3), National and Regional
River Basin Authorities have to asses the riskieeldo floods and landslides as the product
of hazard, exposure and vulnerability. In particués provided for law, they have to map the
hazard, to identify the elements at risk and detiregr vulnerability and eventually to identify
and map areas where landslide risk is most seVér landslide risk ranking occurs on the
basis of four different levels (R1=low, R2=mediuR3=high; R4=very high). Inside each
class of risk rules, recommendations and mitigathi@asures are defined.

The landslide risk for the Arno river basin (seeti®m 3) was computed on the basis of the
combination of hazard, vulnerability and exposwasaggested by Varnes and IAEG (1984).

Vulnerability is a function of intensity. In the s& of the Arno River basin the definition of
intensity and run-out is influenced by the facttthmass movements are deep-seated
reactivated slides sometimes evolving into flowgstcting the analysis to this type of
movement introduces a notable simplification, siacéimited range of velocities can be
adopted for the intensity computation and the etquemobilized volume can be reasonably
deemed as equal to the present estimated landslidene (Catani et al. 2005; DRM 1990;
Cruden and Varnes 1996). Two main cases were tbosidered: deep-seated rotational
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slides and shallow flows or planar slides with waity constant depth. In the latter case,
intensity as a function of volume was set proposdido the area of the mapped phenomenon.
In the former case, a geometric model was usedntpate the volumes. The volumes range
from 10 m* to 16 m°. Four classes of intensity have been defined enbthsis of the
statistical distribution and literature values (A£€194).

The assessment of vulnerability and exposure i®das the selection of the relevant
information present in digital topographic mapstte scale of 1:10,000 as well as in the
updated land cover map at the 1:50,000 scale. oy eingle object a value of vulnerability
and exposure has been given on the basis of typa@dod main utilization. Vulnerability
values are given in percentage of loss for eadbréifit class of intensity and for each type of
element at risk, while exposure has been giverum/m2 and estimated on the basis of the
presumed asset and income values.

The landslide risk was assessed both in a quabtatihd quantitative way at the scale of
1:10,000. In the former case contingency matricesewised to intersect hazard classes with
vulnerability and exposure classes, thereby chassgjfthe territory of the Arno river basin in
five classes of landslide risk (RO, R1, R2, R3,.RBlgure 4-8). The quantitative assessment
of risk was carried out through the applicationtloé risk equation, therefore applying the
product of the numerical values of hazard, vulnditgland exposure (Cruden and Fell 1997).
The procedure lead to the definition of risk val@egressed as economic losses for each
terrain units and for different periods of timetire future (2, 5, 10, 20 and 30 years). In the
next five years, around 2.5 billion of Euros shobkl expected as economic losses due to
landslides. This value agrees with the data reggrdhe costs for landslide mitigation
measures spent in the Arno river basin in thefiastyears (Tofani et al., 2008).

Figure 4-8. Landslide hazard map of the Arno River Basin.
The level of hazard ranges from HO, lowest hazard4 the highest hazard.
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website: http://www.adbarno.it (Arno River BasintAority)

4.2.4 Northern Italy

The procedure followed for the risk assessmenhbyArrno river Basin Authority is presented
here.

4.2.4.1 Basin Authority of Po River

(contributor: UNIMIB)
The Section 3.4.4, the procedure that is followgdhe Po River basin authorities for the
production of “hazard” (susceptibility) map, acdogl to the Po basin Hydrogeological
Master Plan (PAI - Piano Stralcio per I'Assetto ogeologico), is described. The risk
assessment is also performed using a simplifiedgolare. The output maps are provided at
1:50,000 for flood and landslide hazard, using rompaility polygons as reference land units.
In this analysis, the classical UNESCO definitidmisk (Varnes et al., 1984) is adopted:

R=H*V*E
where:
- H: hazard, i.e. the probability of occurrence ajieen dangerous process in a given area
and time interval;
- V! wvulnerability, i.e. the expected degree of ldssan element at risk due to the
occurrence of a given dangerous process;
- E: value (or number) of the elements at risk.

Given the scarce availability and statistical digance of datasets of landslide frequency and
intensity, and of vulnerability and value of elertseiat risk at the basin scale, the above
parameters have been expressed in a simplified #ardhcombined according to a simple
heuristic (matrix) approach. The following expressis then used:

R=S*V*E
where:
- S: susceptibility heuristic indicator (differenticators used for floods and landslides);
- V:vulnerability relative class (heuristic);
- E: value relative class (heuristic), based on laedionsiderations.

Grant Agreement No.: 226479 Page 11838
SafeLand - FP7



2.1 Rev. No:02
Overview of landslide hazard and risk assessmexttipes Date: 2010-05-25

The susceptibility values are obtained and classiinto four discrete classes (i.e. low,
moderate, high, very high), as described in SecB8oh4 and they are combined with
vulnerability and value matrixes to obtain a refatirisk classification according to the
D.P.C.M. 29/09/1998 (Table 4-1and Figure 4-9).

Table 4-1 . Risk ranking according to the DPCM(221998.

Risk level Zone Description
Low R1 negligible damage to society, property, andironment
Moderate R2 minor damage to structures and infresires, no loss of life
High R3 severe damage to property and activitiessiple injury to people
Very high R4 possible loss of lives, major damagsttuctures and infrastructures

Legenda
!( [] Moderato
[ Medio
Bl Eievato
Wl Moito elevato

0Km ! 100 km

Figure 4-9. Combined hydrogeological risk map (béloeported in the Hydrogeological
Master Plan (PAI) drafted by the Po river basin Barity. Municipalities are considered as land units
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4.3 NORWAY

(contributor: ICG)
Risk zonation for quick clay slopes in Norway

As part of work for The Norwegian Water Resourcesl &nergy Directorate (NVE),
Gregersen (2001) developed a simple method toifylaasd map the risk posed by potential
quick clay slides. Potential slide areas are gitegineering scores" based on an evaluation
of the geotechnical parameters, local conditionsrsgns or properties exposed and
engineering judgement. Hazard classes are desabémv, medium and high. Consequence
classes are discussed as not severe, severe dnyg $eyere. The resultant risk, based on
engineering evaluation and experience, is divitdelive risk classes (Lacasse et al. 2004).

Hazard classes

The hazard level depends on topography, geologitéigeotechnical conditions, and changes
at the site. The evaluation of the hazard is dottle twe help of Table 4-2. The weight given
to each hazard in Table 4-2 (or later, to consecgiém Table 4-3) describes its importance
relative to the stability of the slope. The hazelatsses are:

Low: Favourable topography and soil conditions; extenssite investigations; no
erosion; no earlier sliding; no planned changeshanges will improve stability.

Medium:  Less favourable topography and soil conditiomsjtéd site investigations; active
erosion; important earlier sliding in area; planngthnges give little or no
improvement of stability.

High: Unfavourable topography and soil characteristiosjted site investigations;
active erosion; extensive earlier sliding in arp@nned changes will reduce
stability.

The zones with weighted score between 0 and 170(@3% of maximum score) are mapped

as "low hazard" and have low probability of failimg sliding. The zones with weighted score

between 18 and 25 (up to 50% of maximum scorejreeped as "medium hazard" and have
a higher, though not critical, probability of faikus The zones with weighted score between 26
and 51 are mapped as "high hazard" and have avedjatigh probability of failure.

Consequence classes

Consequences are commonly evaluated in terms ofahuhfie safety, environmental,
financial and social effects. The evaluation of tbasequences is done with the help of Table
4-4, with consequence classes:

Not severeNo or small danger for loss of human life, costiymage or consequences.
SevereDanger for loss of life or property or importasbaomical or social loss.
Highly severeHigh exposure of human life loss or large econohuacaocial loss.

Grant Agreement No.: 226479 Page 12038
SafeLand - FP7



Rev. No:02
Date: 2010-05-25

2.1
Overview of landslide hazard and risk assessmexttipes

The zones with weighted score between 0 and 6 @f3%aximum score) are mapped as "not
severe". In these zones, there would be very fewoopermanent residents. The zones with
weighted score between 7 and 22 (up to 50% of maxirecore) are mapped as "severe". The
zones with weighted score between 23 and 45 ar@edags "highly severe"”; they would hold
a large number of persons, either as residents pemsons on the premises temporarily.

Table 4-2 . Evaluation of hazard for slides inakuclay in Norway

Factor/parameter affecting . Score for hazard
hazard Weight 3 | 2 | 1 | 0
TOPOGRAPHY
Earlier Sliding 1 Frequent Some Few None
Height of slope, H 2 >30 m 20-30 m 15-20 m <15m
GEOTECHNICAL CHARACTERISTICS
Overconsolidation ratio (OCR 2 1.0-1.2 1.2-15 -26 >2.0
Pore pressurés
- In excess (kPa) 3 >+ 30 10-30 0-10 Hydrostatic
- Under pressure (kPa) -3 >- 50 -(20-50)| -(20-0) | Hydrostatic
Thickness of quick clay layét 2 >H/2 H/2-H/4| <H/4 Thin layer
Sensitivity, St 1 >100 30-10( 20-30 <20
NEW CONDITIONS
Erosion") 3 Active/sliding Some Little None
Human activity
- Worsening effect 3 Important Some | Little None
- Improving effect -3 Important Some | Little None
TOTAL SCORE
Maximum weighted score 51 34 16 0
% of max. weighted score 100% 67% 33% 0%

) For the quick clays in the study, inclination videntical for all slopes (1:3), and slope
inclination was not included as a variable. In aagal study, slope inclination should

) be added in the list of hazards.

" Relative to hydrostatic pore pressure

) In general, the extent and location of the quiely @re also important.

V) Erosion at the bottom of a slope reduces stability

Risk classes
The risk score to classify the mapped zones imiskaclass is obtained from:

Risk = Hazardx Consequence
Rws = Hws(%0)x Cws(%0)
where Rys = Weighted score for risk mapping
Hws (%)= Hazard weighted score in %
Cws (%)= Consequence weighted score in %

Table 4-4 gives the risk scores for the five ridsses used for quick clay slides in Norway.
Figure4-10shows a risk mapping of the area Modum in Norwsigpgithe procedure outlined
above.
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Decision-making on remedial measures

To make decisions on the need for additional soiestigations, stability analyses or other
remedial actions, Table 4-5 gives recommendatimnguick clay areas in Norway.

The volume of the sliding material is probably thest important factor for the extent of the
run-out zone. If several millions of cubic metreinsolved, the run-out cannot be evaluated
by simple dynamic or topographic models. This ipeesally important if large rivers are
blocked and huge amounts of water are dammed wigh possibility of generation of
catastrophic flood waves downstream.

Table 4-3 . Evaluation of consequence for slideguick clay in Norway

Elements at risk / Weight Score for consequence
Possible damage g 3 | 2 | 1 | 0O
HUMAN LIFE AND HEALTH
>5
L >5 < 5
Number of dwelling$ 4 Closely Widely spaced Widely spacec 0
spaced
Pe_rspns, industry 3 > 50 10-50 <10 0
building
INFRASTRUCTURE
Roads (traffic density 2 High Medium Low Nong
Railways (importance) 2 Main Required Level None
Power lines 1 Main Regional Distrib. Local
network
PROPERTY
Buildings, valué) 1 High Significant Limited 0
Cons_eq_%ijence of 2 Critical Medium Small None
flooding")
TOTAL SCORE
Maximum weighted score 45 30 15 None
% of max. weighted score 100% 67% 33% 0%

Y Permanent residents, in both sliding area andmitm-out distance.

i) Normally no one on premises, but building(sy@distorical or cultural value

iii) Slides may cause water blockage or even daerftowv, flooding may cause new
slides; there should be time for evacuation; dantgpends on a complex
interaction of several factors.

Table 4-4 . Risk classes for slides in quick ctaiorway

Risk Class

1 (lowest 2

3

4 5

Risk Weighted Score (RW$S) 0-160

161-35C

351-800

801-1600

1601-2295

RWS (% of max RWS)

0-7%

7-15%

15-35%

35-70%

70-10

D%
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Table 4-5 . Activity matrix as a function of ridess

- Risk class
Activity 12 3 2 5

Consider additional | Require additional] Require additional

Saoll None in situ tests and pore | in situ tests and in situ tests and pore

investigations pressure pore pressure pressure
measurements measurements | measurements

Stability None None Consider doing Do detailed stability

analyses analyses

Remediatiol) | None None Consider doing Implement risk-

reducing measures

Y e.g. erosion protection, stabilizing berm, unloaglisoil stabilization, moving of residents

s7m0 s 00

2 Tingelstad =
g_Fﬁ‘ \
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Figure 4-10. Quick clay risk map for Modum, Norway.

References

Gregersen, O. (2001). "Metode for klassifisering fakesoer, kvikkleire". Norwegian Geotechnical inge
report 20001008-1 (in Norwegian), Oslo, Norway,J2duary 2001.

Lacasse, S., Nadim, F., Hgeg, K. and Gregerse(20D4). "Risk Assessment in Geotechnical Engingefiie
Importance of Engineering Judgement". The Skem@mmference, Proc. London UK. V 2, pp 856-867.

44  SWITZERLAND

(contributor:ETHZ)
Introduction

In Switzerland, the national/federal agency Bundgstir Umwelt, Wald und Landschaft
(now part of the Bundesamt fir Umwelt (BAFU) — FedeOffice for the Environment) has
developed a methodology to perform risk analysis daavitational natural hazards. This
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methodology is explained in a two part document (AL, 1999a; BUWAL, 1999b) in
German titled “Risikoanalyse bei gravitativen Ngefahren — Methode” (Risk analysis for
gravitational natural hazards — Methods) and “Riaikalyse bei gravitativen Naturgefahren —
Fallbeispiele und Daten” (Risk analysis for gratittaal natural hazards — Case studies and
data). The methodology comprises three self coethiand independent procedures (or
stages) for risk analysis. These procedures caapbked independently or in a combined
manner, depending on the level of detail and rigequired of the risk assessment. The entire
procedure is illustrated in Figure 4-11; this figuras been taken from BUWAL (1999b).

Siage 1 provides information
on sami-guantiative risks in
object categories

(= catogorias of objacts with
simikar profection needs).
Uszing sfage 1, a gensaral
perspective may quickly be
gainad with a minimum of
affort, anabiing hazard or
imvastigalion arsas fo be
assigned proifias.

Risk analysis
Stage 1

Siage 2 provides information
an guantitative risks for object
types (objects of similar valua
oF similary occupied). i =
based on global assumpiions
and may be carned out
without the nead for feld
SUNVays.

Stage 2 is a simplified
procadura for entifying the
risks and evaluating them with
a view fo further measures.

Risk analysis
Stage 2

3 9 Stage I provides information
Risk analysis 3 | onquantitative isks for
\ individual objects. It is
ShgR \‘. m based on defailed
N |:| invastigations of the objact
\ “ = concernead. Siage 3

Y [ raprasants a procadure for
o = []  identitying the risks and
evaluafing them with a view fa
further measuras.

—

Figure 4-11. lllustration of the three-stage proaeel for risk analysis
(Source : BUWAL, 1999b)

Stage 1

The stage 1 procedure is based on the principleratection deficit or the degree of non-
compliance with protection objectives. This inva\g the audit and verification of specified
protection objectives in categories of objectsndraistructure having similar protection needs,
i) the determination of protection deficits or tHevel of non-compliance and iii)
identification of conflict areas that would requftether attention. The results from a stage 1
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procedure can be used to prioritise and identi®aarthat require attention and consideration
in spatial and emergency planning as well as id lase planning measures.

The method to be followed in this analysis staggir®e with the digitisation of hazard
intensity maps using a Geographical Informationt@ys(GIS). Objects or infrastructure with
similar protection needs are then grouped togethebject categories. The object categories
are assigned protection objectives and then degitsnd represented in an object category
map. The object category map is superimposed ohahard intensity map. This provides the
basis for the determination of protection defiomis the degree of non-compliance with
protection objectives; a protection deficit is deehto occur when the intensity of the hazard
Is greater than the maximum intensity permissibtettie corresponding land use. Depending
on the extent and magnitude of the non-compliatieeprotection deficits can be categorised
into protection deficit classes and assigned sla@takeights. The protection deficit or
protection deficit classes are finally depictegbintection maps, tables or diagrams.

Stage 2

The stage 2 of the methodology provides a procetturéhe quantitative risk analysis of
natural hazards in a given area, based on genetalgssumptions and without the need for
any specific field investigations. This involvesthetermination of quantitative object and
collective risks based on data from similar objgchbsastructure types which approximately
have the same asset value and/or are occupiecetsathe number of persons. The risks are
usually expressed in relation to persons (numbdatafities) and material assets (property
damage in Swiss Francs). The results from a stagec&dure provide the basis to i) establish
the need for action in the form of protection amdeegency planning measures and ii)
perform a cost effectiveness study of the varicesgetion measures.

The stage 2 procedure begins with an expanded daaaalysis in which the spatial
probability of occurrence of the hazard is estirdatehe hazard intensity maps for different
disaster scenarios are then digitised using a Gebgral Information System (GIS). Objects
or infrastructure with similar asset value and/ocupation conditions are grouped under an
object type. All the identified object types arsplayed and digitised in an object type map.
This object type map is then superimposed on tlerdaintensity map. For each disaster
scenario, the disaster frequency is obtained apritduct of the frequency of occurrence and
spatial probability of occurrence of the hazardprecess and probability of the object being
present. Following this, the extent of damage farhedisaster scenario is calculated from the
product of extent of the area at risk and the $jgeektent of damage of the object type at
risk. The specific extent of damage is represebtedn estimated overall value expressed in
terms of number of fatalities or property damageSimiss Francs. Based on experience of
previous occurrences and on estimates, guideliheesdor different hazard processes and
intensity classes are provided.

For each disaster scenario, the quantitative obgct (divided into risks to persons and risks
to material assets) are then determined as a &mofithe disaster frequency and the extent
of damage. Finally, all the object risks are suytatbmbined to obtain the collective risk
which is then displayed in risk maps, tables ogdias.
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Stage 3

A procedure for the quantitative analysis of ndthezards for individual objects is given in
stage 3 of the methodology; this is based on iny&sbns specific to the object. The
objective here is to determine the quantitativeeobrisks based on data for individual objects
with reference to persons (number of fatalities) araterial assets (property damage in Swiss
Francs), and also the individual fatality risks. w#h stage 2, the results from a stage 3
procedure provide the basis to i) establish thalree action in the form of protection and
emergency planning measures and ii) perform a efbsttiveness and cost benefit study of
the various protection measures.

The stage 3 procedure commences with an expandedchanalysis in which the spatial
probability of occurrence and the seasonal occueef the hazard as well as the advance
warning time are estimated. For each hazard saerihg disaster frequency is obtained as the
product of frequency of occurrence and spatial @bdlty of occurrence of the hazard process
and the time-dependent probability of coincidenu®lgability that the events will coincide)
of hazard process and exposure of the object opé¢hsons; the probability of evacuation of
persons from the danger area is taken into accduent, the extent of damage for each
disaster scenario is calculated from the productushber of persons at risk and lethality or
asset value and susceptibility to danger of theaat risk. For lethality and susceptibility to
danger, figures for comparative values for standasks are provided, based on experience of
previous occurrences and on estimates.

The object risk for each hazard scenario is theardened as a function of disaster frequency
and extent of damage. The object risks investigtedll scenarios are combined to form the
total object risk. The individual risk (correspongito individual fatality risk) is then obtained
from the total object risk and the number of pessionthe object. Similarly, the collective risk
with respect to an object group can be evaluateddujng the total object risks of various
objects.
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5 COMPARISON OF EUROPEAN EXPERIENCES

5.1 POLICIES FOR HAZARD AND RISK EVALUATION

Policies, time and motivation for hazard and risk @sessment

The awareness for the landslide risk and the ashkabént by law of official practices is
usually raised by hazardous events with seriousamurences, as for example the destructing
rockfall in Andorra (1997); or the Polesini (1954nd the Firenze flooding (1966) and the
1997 and 1998 landslides in Campania, in ltaly.

For all the cases of susceptibility, hazard andl egaluation that have been described in
Sections 3 and 4, the official state or local atities are those to take the initiative for the
creation of the relevant documents. The developroktite methodologies, on the other hand,
is assigned either to administrative authoritiess€dRBasin authorities in the case of Italy,
Switzerland), geological surveys (Austria, CatadoriRomania), or to external consultants,
including both private and academia (Andorra). Th#aboration among these institutions
and organizations is also very common (Andorraal®ata, Italy and Scotland).

The main objective of the hazard and risk evalumai® the delimitation of zones to be
considered for the urban and land planning (Anddktsstria, Catalonia, France, Switzerland,
Romania and ltalian river basins). In some cases dhtablished procedures for the
development of hazard maps have a complementayaoaxisting laws for urban and spatial
planning. Examples of this include Catalonia (TRLWustria (Tyrolean Act on Spatial
Planning), Italy (PAI), and Romania (Law regardiihg approval of the National Territory
Plan Improvement 575/2001). The planning and op@tion of protective structural
measures is also a primary objective for the haeaaduation in the cases of Andorra and the
Arno River Basin.

For the countries and the regions that are repantéals deliverable, Austria was the first one
to officially start generating susceptibility an@zard maps (in 1975). For the rest of the
countries, the landslide hazard mapping and reltgettory planning experience is more
recent. In 1989, ltaly established a law accordiagwhich the Regional River Basin
Authorities were assigned with the duty to prep#ne Basin Plan, which contained
information regarding the physiographic outline damad planning. Nevertheless the law was
not put into practice until the new law of 1998 fine Hydrological Setting Plan (PAl).
France established by law the Risk Prevention PIBRR) in 1995. For Andorra the hazard
mapping initiated in 1989 but mapping of the whtdaitory was not completed until 2001.
Switzerland in 1997 published the national/federglidelines, procedures and
recommendations for hazard and risk assessmentatalonia (Spain) the generation of
hazard maps is an ongoing process that starte®0i. 2Although not legally binding, the
Geological Survey of Romania uses methodologiagliirements established in 2003 for the
landslides natural risk maps and Great Britaintéistiaed the GeoSure procedure in 2008, for
the same purpose.

Concerning the risk mapping, so far, the risk méyps have been produced within Europe on
an official basis are in France, Italy, Norway &wlitzerland.
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Users, availability of and accessibility to the of€ial documents

On a general basis, the existing hazard and ristuation documents are addressed to
administrative bodies and local authorities for tinkan and spatial planning. In many cases
the documents are also accessible by the pubéicAndorra, Italy) or it is intended to be in
the future (i.e. Romania, Catalonia).

Their type of accessibility and reproducibility feifs from region to region depending on the
level of digitalization of the information. For Aada, the original map is available for the
public at the Town Hall and online (in .pdf formatjo information is available at a
Geographical Information System (GIS) platform fatnf{.shp o .gdb). For Catalonia, the
provided maps will be in GIS compatible format pgir .gdb). However, as their creation is
an on-going process which will be completed in tiygrears, information is not available so
far. In Italy, the accessibility varies accordimgthe local authorities that manage the project.
For the Arno Basin River, the hazard informationesy well registered and easily accessible
online at image (.pdf) and GIS (.shp) format. Ree Liri-Garigliano and Volturno Rivers
Basins, the information accessible on-line deakh withe general report; ii) the restriction
codes and safeguarding measures; iii) programséf mitigation. As for base and derived
maps they can be requested by filling a form. Irsthia Hazard Zone Maps can be consulted
freely at the competent communal, district, proiahand regional authorities. By the end of
2010 all maps and associated documents should &ikalale in a digital database. Maps
produced by the Geological Survey of Romania as® ahtended to be digitalized and
processed on a GIS platform. In the UK, site speéfeoSure reports can be bought online
for a particular property or small area, while magas be purchased for larger areas (at
1:50,000 scale). In France, the availability of thenation maps online depends on the
willingness of the Department (e.g. Prefecture) develop the appropriate system. In
Switzerland, the responsibility for developing lahde hazard maps rests with the cantonal
authorities. Some cantons have made these mapsaldgaonline in .pdf or .svg formats on
their administration portals. However not all thentons in Switzerland are yet to publish
these maps online.

Commonly, the language used is that officially okt every region/country.

In all cases, the dissemination of the existingnmfation is promoted by numerous scientific
articles and reports.

Coverage

The coverage of the maps mainly depends on theakmattent of the phenomena, the
administrative structure of the state and locaharities and their potential complementary
character to other laws or regulations. In Andattia,coverage of the hazard map at 1:5000 is
the whole territory while larger scale maps ardrieted to the most conflicted areas. The
coverage of the Prevention from Geological RiskpMé Catalonia is intended to cover the
whole territory of Catalonia. In Austria, the coage of the Hazard Zone Plan in Torrent and
Avalanche Control is national. In Italy, the intliee was taken by the Central Government
and it is expected that maps will cover all thdidta basins. However, the actual coverage
depends on the extension of the area controlletbdsl executive authorities which in the
case of the Hydrogeological Setting Plan (PAI) the River Basin Authorities. In Romania,
the coverage is regional or local. Switzerland &asational coverage. In UK the GeoSure
Landslide Hazard Assessment has been performe@réat Britain (Northern Ireland data is
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understood to be under development) and in Framedéahdslide hazard and risk assessment
has been made on a local up to departmental avmagievel.

Legal framework

In many of the reported countries the hazard mape been put into force as official laws.
For Andorra and ltaly, the documents are legalhdbig for the public administration and the
land users. In Austria, the hazard maps are legatiging only for spatial planning purposes.
For land use planners they have a recommendatstgad of ordinance character since the
delimitation of hazard zones is not an officialtstary regulation. In Switzerland the
procedures and the output maps are legally bindiiegther in Catalonia nor in Romania and
UK, the procedures for hazard assessment and tpetadocuments are legally binding. On
the contrary, the output maps constitute legalrmfdion in France.

5.2 DOCUMENTATION AND CONTENTS

Type of the existing documentation

The support material for the hazard and risk mappimaries from country to country. It may
include as in the case of the Arno River Basinoreincluding the description of the area
and the methodologies used for hazard mapping dtigation measures, maps and policy
documents with rules, limitations and recommendatiof different degrees of hazards.
The Austrian Hazard Zone Plan in Torrent and Awveli@n Control contains general and
detailed hazard maps, an explanatory document thghresults of hazard assessment and
documents of the administrative process. The exjsttocumentation in Andorra consists
exclusively of general hazard maps with no suppaterial. For Catalonia and the MPRGC,
a fully detailed support document with the techhggecifications accompanies the hazard
maps. In Romania, the methodological requiremergsdascribed in a report. The PPRN in
France consists of a series of informative documéatnote of presentation, a localization
map of the phenomena, a hazard map and some syadotmments).

Information content related to landslides

With reference to the official practices that aparted in this deliverable, the maps produced
are landslide inventory maps (Austria and consili¢iadian River Basins, UK), susceptibility
maps (Italian River Basins, Austria and Franced, laazard maps (Andorra, Catalonia, Italian
River Basins, Austria, Switzerland and France)kRimsps are provided by the majority of the
reported Italian River Basins (except the Alto Atido River Basin), France, Norway and
Switzerland.

All susceptibility and hazard maps provide quak&ior semi-quantitative information which
is classified into levels. The exceptions are thamgitative methodologies used at the Arno
River Basin and Switzerland. The same appliesiskrmapping, where the only quantitative
methodologies are the ones for the Arno River Baaih Switzerland, too.
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Landslide types and mechanisms considered for theahard and risk assessment

In relation with the types and mechanisms of laddsl represented in the maps, in general
they are grouped in few general mechanisms (akfalls, slides, flows).

The classification criteria present large divergten within the same country. As a result in
some cases no landslide mechanisms are specifeeBrence, Romania) and in some others
there is an exhaustive list of landslide types @pain, Liri-Garigliano & Volturno basin —
Italy).

The Director Plan for the Sola d’Andorra is monatla¢ic and focuses only on rockfalls.
Accordingly, in Austria and with reference to lahde hazards the mapping is made just for
debris flows. Susceptibility maps further includeles and falls. In Arno River Basin the
main cases that were considered are slides, smidhy shallow landslides, flows and falls.
The maps for the Liri-Garigliano and Volturno RivBasin include a lot of types of mass
movements (falls and topples, flowslides, debisvl, fast earth-flows in marn-clayey soils,
translational slides, rotational slides, earth 8pwuperficial and deep creeps, lateral spreads,
deep-seated gravitational movements). For the RerRBasin, the included landslides are
rockfalls, rock avalanches, deep-seated rockslidesl, slips/slumps, translational and
rotational debris slides, earth/mud flows, and deBows. In the UK the classification of
landslides differs between PPG14 (Planning Policyd&ce — PPG- 14: Development on
Unstable Land, DoE 1990) and the BGS GeoSure (Festal., 2008) database while the
Scottish Road Network Landslides Study (Winterlet2008) deals exclusively with debris
flows. The MPRGC map in Catalonia has a more cohmrsive character and includes a
complete list of landslide phenomena (rockfallstational and translational landslides,
different types of flows, creep, liquefaction, lalespreading and complex movements). In
France the differentiation is not obligatory andyoim some cases there is a differentiation
between rockfalls, landslides and debris flow. Nffecentiation is made between landslide
types and mechanisms in Romania.

Usually, only the most frequent mechanisms in @a are treated. The types considered are
probably ought to the variety of landslides preserthe area, to the technique used for their
identification (satellite images, aerial photoipi&tation, DTM analysis, field work, etc.) and
to the scale of the map (for instance, shallow $tidds can not be mapped at small scale).
Specific mechanisms also are considered accordiriget special characteristics of the area
(e.g. flowslides and lateral spreading and Italg guick clays in Norway).

Scale

The scale of the maps varies significantly depemndim the coverage, the information
provided, and the methodology that is used. Fomthele Principality of Andorra the scale is
1:5,000 while for the Sola d’Andorra, the scald.i%,000 or 1:2,000 on other locations (site-
specific). The MPRGC map in Catalonia is developed local to regional scale (1:25,000).
In Austria the hazard mapping (Hazard Zone Plaifarrent and Avalanche Control) was
prepared at 2 scales: general hazard mapping @000-1:150,000 and detailed hazard zone
maps at 1:2,000. The susceptibility maps have scfen 1:1,000 to 1:750,000 and the
inventory maps from 1:1,000 to 1:30,000. For thesiBaAuthority of Liri Garigliano and
Volturno Rivers, the adopted scale is 1:25,000. Romania where the coverage is regional
tha maps are produced at a scale 1:25,000 and wthisréocal at 1:5,000. For UK (Great
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Britain zone) it is 1:50.000 and for France it i$d,000 and in some cases 1:5,000 in densely
populated areas or in mountain environments.

Differentiation between landslide types and/or medmisms on the maps.
Consideration of multi-hazard phenomena.

The differentiation of landslide types and/or meukas on the maps is not always applied.
Liri-Garigliano and Volturno hazard maps, Catalori@zard maps and the Austria

susceptibility maps (not hazard maps) are the tmbifferentiate between them. For the rest
of the reported countries, no differentiation isd@an the maps according to the landslide
type or mechanism.

When more than one landslide type and/or mechawigimdifferent susceptibility or hazard
levels apply to an area, their superposition shdw#dtaken into account for the final
susceptibility or hazard result. This is rarely siolered (i.e. Catalonia).

Furthermore, for some regions further natural hdzaesides landslides are considered as for
example floods (ltaly and Austria), subsidence aadhquakes (Catalonia). No reference is
made to their synergistic amplification effect dve tsusceptibility or the hazard. For South
Italy and Romania the effect of earthquake exdtato landslides is taken into account for
the hazard assessment.

Contents of susceptibility and hazard maps

All susceptibility maps include potential landslideeas. However, the run-out distance is not
always taken into account, particularly in regiosedle maps. The countries Andorra, France
Catalonia, North and South Italy. In mose casesetlauation is made empirically or based
on geomoprholigical criteria (Andorra, France, Gata and South Italy), while for the River
Basins of North Italy trajectographic analysis sed

Hazard assessment are prepared using hazard comtpdinéensity and frequency), however,
in many cases, for simplicity reasons or due td& lafchecessary data, “susceptibility” maps
are used instead. For the production of hazard nfrgps susceptibility maps, additional
information related to the temporal probability lahdslide events and the intensity of the
landslides are needed. According to the reportedrdaassessment methodologies, only in a
few cases these parameters are taken into contsihera

53 METHODOLOGIES

Guidelines

The guidelines that describe the processes fodélelopment of inventory and susceptibility
maps and the evaluation of hazard and risk levelsia general, available through scientific
publications and reports. Only in a few casesethetist accompanying official technical
specifications that explain step-by-step the usethodologies (e.g. Switzerland, France and
Catalonia and lItaly).
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Additionally, in many cases no step-by-step methagles exist and only judgmental/expert
criteria are used for the development of landslideentories and susceptibility maps
(especially when the latter are qualitative).

It is worth mentioning that although in most cases national level, the applied
methodologies are common, in Italy the methodobgiéferentiate strongly from river basin
to river basin (different criteria for hazard, thinelds, methodologies etc...), and they are
local dependent.

Input data

Some common input data are used for all casege@ogic, geomorphologic and soil cover
maps. The techniques to obtain input data fotahdslide inventory and susceptibility maps
vary from basic to sophisticated (interpretationaefial photographs, use of laser-scanner
images), resulting in various levels of quality apntity of data.

Procedures

The procedures followed for the hazard and rislesssent can be mainly categorized into
the following:
Analytical procedures supported by computer sinmat
— Procedures on the basis of weighted indicatorsereypdgment and field survey
Combination of the above two procedures.
According to the output, the procedures for hazard risk assessment can also be classified
into:
— Qualitative, where the output is the characterabf areas using qualitative classes
(i.e. low, moderate, high).
— Quantitative, where the output is the temporal pbility of a landslide event for
each location on the map.

Hazard and risk matrices

Hazard and risk matrices (or tables) are used wtign they are required by the followed
procedure (i.e Andorra, River Basins of North aodt8 Italy and Switzerland). When hazard
or risk indices based on weighted indicators aredushazard matrices are not always
necessary (i.e. France).

The hazard matrices that are used for the evaluafithe hazard vary considerably from case
to case. The differences refer to:

a. The parameters that are used to determine the chéeels. l.e. in Andorra and in
Switzerland the hazard is based on the frequendyiraansity of the event, while in
Austria the frequency parameter is not taken imwoant. Instead the hazard level is
defined using spatial distribution criteria as &xample the boundary of debris flow
deposits. At Liri-Garigliano and Volturno, the hadas evaluated as a function of the
intensity and the state of activity of the landslidncluding active, reactivated and
suspended phenomena or quiescent, i.e. dormanb iee).

b. The parameter values that are used as threshodsablish the hazard / risk levels.
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c. The number and the interpretation of the risk Igvel

Vulnerability and risk evaluation

Risk evaluation requires the vulnerability assesgmEhe only officially applied practices of
risk evaluation exist in Italy, France and Switaed.

For the Arno River Basin the vulnerability is qugatively calculated, based on the typology
of the elements and on the intensity of the hazlirdxpresses the percentage of loss in
function of a class of intensity. Exposure is cilted in terms of euro/mThe risk is the
calculated qualitatively and quantitatively (usitlge risk equation), taking into account
intensity, vulnerability and exposure. The riskdbsvare 6 in total.

In the case of the River Basins of South Italy,neshbility is calculated qualitatively based
on both the building use and the landslide-indudachage recorded via field surveys. The
risk is calculated as a function of the hazard #redvulnerability and four risk levels are
established.

For Northern Italy, vulnerability is taken into cderation only in the case of Po River
Basin, using heuristic methods.

In France the vulnerability of the exposed buildirajso depends on their use. The risk is
calculated qualitatively by superposition of hazanposure and vulnerability.

Three stages are used in Switzerland for the dicaiton of vulnerability. Stage 1 provides

as an output the protection deficit or non-compl@&rwith protection objectives (semi-

quantitative); stage 2, the collective vulnerapibased on global assumption without specific
field investigations (quantitative), and stage & itidividual and collective vulnerability based
on individual specific field investigations (quaative). The risk is calculated by

superposition of the hazard and the vulnerabililging the outputs from the three stages,
three types of risk analysis are performed withftlewing information:

1. semi-quantitative risks in object categories (co@sng stage 1 vulnerability)
2. quantitative risks on object types (consideringsta vulnerability)
3. quantitative risks on individual objects (considgrstage 3 vulnerability)

It can be concluded that vulnerability and risk legdion approaches present fundamental
differences thus rendering the risk results notgarable between them.

Flexibility of zoning

In some cases of zoning like in Andorra, Italy aAdstria the issue of construction
permission in moderate hazard areas is feasillgpfopriate protection measures are taken.

5.4 TERMINOLOGY

The terms susceptibility, hazard and risk are preted differently from country to country.
For instance, the Romanian recommendations cglldring factors what in other countries is
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considered as conditioning factors. The latter maened as “criteria” in the Romanian
recommendations. Risk in Romanian recommendatiorregponds to landslide susceptibility
in other countries. In the case of UK and Norwaw, ffor the development of hazard maps,
only susceptibility factors are taken into account.

55 MAP SYMBOLS
The map symbols that are used present importafereiifces from document to document
with reference to:

symbols of types and mechanisms of landslides emtps,

symbols of susceptibility, hazard and risk levels.
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6 CONCLUSIONS AND RECOMMENDATIONS
6.1 POLICIES FOR HAZARD AND RISK EVALUATION

In the previous section a comparison was made leetwihe different policies and
methodologies that apply to different countries eeglons in Europe for landslide hazard and
risk evaluation. Based on this comparison, theipiig of harmonization of the policies and
the application of common practices to bridge thisteng gaps is discussed in this section.

The hazard and risk evaluation for delimitatioreofies to be considered for urban and land
planning as well as for optimization of protectimeasures is a common objective for all the
reported territories. The collaboration of natigne¢éntral and local authorities (decision
makers) with academic and research institutions pnafessionals that have proven
experience on landslide phenomena at the investigateas (transfer of knowledge) takes
place very often.

The first official hazard maps were produced in 397 Austria. For the majority of the
European countries that are reported here, hazappimg has taken place over the last 15
years or it is an on-going process or even it ig aery early not official stage. There are few
examples of official risk mapping in Europe (Italfsrance, and Switzerland). The
collaboration between countries that present comahamacteristics (i.e. dominant landslide
types, relief, hydro-meteorological conditions, sseicity) may promote the official
establishment of already validated methodologies tltis reason, some recommendations are
necessary. Possible procedures for assessmeny dadi®rs are discussed in the following
paragraphs.

On a general basis the hazard and risk evaluatimurdents are intended to be used by
administrative bodies. Documents are not alwaysssible to the public (either free or

through resellers). The digitalization of infornmatiand its availability online (at the web)

will improve their accessibility and reproducibjlit For the flexible management of

information, the use of GIS compatible formatsesammended.

Only in some of the reported countries the zoningpsnare legally binding for public
administrators and land users (Andorra, Italy amdn€e). In Switzerland, the landslide
hazard and zoning maps are not legally binding o@rus in themselves. However when
used in conjunction with land use planning and i@ppbns for construction / building
permits, they acquire a legal character consisté&htthe laws and regulations governing land
use planning and development activities. In marsesdhere exist procedures developed by
geological surveys, local authorities and researstitutes (i.e. Catalonia, Austria, Romania,
UK) which are not official statutory requiremenkdethodologies and maps are often legally
binding when referring to site-specific or localaks. Methodologies that have been
developed to provide maps at a wide regional donal scale are not legally binding in most
cases.

6.2 DOCUMENTATION AND CONTENTS

So far, information is mainly provided on landslglesceptibility and hazard. Risk assessment
is performed only in a few countries (ltaly, Franserway and Switzerland).
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Given the variation in the use of scale betweemtias, it is suggested the standardization of
the use of scales in relation to the extent ofafe&a coverage. This will permit the gradual and
homogenous coverage of the European area. Theasthration of scales may also be

realized in relation to the desired level of detadrmitting the homogenous downscaling into
highly hazardous areas.

The classification of landslide types and mechaniswaries from methodology to
methodology, as well as the criteria used for wit€ often, landslides are grouped in wider
classes: i.e. in some cases landslides are groumd flows/rockfall/slides or into
flowslides/debris flows/first-failures in brittle aberials/sagging/ lateral spreads etc. In order
to harmonise the information that is provided bg tutput maps it is necessary to use
common landslide types and mechanisms schemes.

The classification criteria for landslide types améchanisms present large diversity even
within the same country. As a result in some caselandslide mechanisms are specified (i.e
France, Romania) and in some others there is aauskke list (i.e. Spain, Liri-Garigliano &
Volturno basin — Italy). Each mechanism requires otvn method of assessment. The
differentiation of landslide types and mechanissagdcommended particularly for scales
larger than 1:25,000. The effect of hazard amglifan due to the spatial superposition of
different types of instabilities should also be emkinto consideration, as well as the
synergistic action of other natural phenomena (earthquake) wherever applicable,
regardless of the mapping scale.

In relation with the types and mechanisms of laddsl represented in the maps, in general
they are grouped in few general mechanisms (akfalls, slides, flows).

6.3 METHODOLOGIES

In order to obtain comparable hazard and risk fé@tdhe European area, harmonization of
methodologies for hazard and risk assessment sssary. In this context, the possibility of
standardization of the input data and methodologiésscussed here.

e The use ofexplicit documents and related reports is suggested, to ensure the
repeatability and transparency of the proceduressthe correct interpretation of the
maps. The use of step-by-step analytical or data treatmentechniques is
recommended, in order to minimize the incorporatedertainties that relate to
judgmental approaches.

A first step is the use of explicit documents amdated reports. The lack of explicit
documents may result in non-transparent and untapleaprocedures for hazard and/or risk
assessment. In order to ensure the correct intatfme of the maps, their reproducibility and
possible update, the edition of accompanying repamd explanatory documents that contain
information on the area and its characteristios,itiput data, the step-by-step procedures, the
interpretation of susceptibility, hazard and rigkdls with rules as well as limitations and
recommendations about the use of the maps is reeohed.

For the standardization of the methodologies ared Hbmogenization of the outputs the
following is important:
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1. Recommendations for the input data concerning tigp#, accuracy, precision and the
techniques used for their acquisition. In more gmegiven that landslide inventories,
geological, lithological, DTM and land-use data ammmonly prerequisite data for
the application of the hazard assessment, it iegsary to define the minimum
acceptable quality levels for their use in hazaskasment.

2. Discussion on the significance of landslide susbépy. The assessment of the
susceptibility as a first step of the hazard assess is not always taken into account
in some of the methods reported.

3. Use of step-by-step analytical or weighted factechniques, in order to minimize the
incorporated uncertainties that relate to judgmeagproaches.

4. The homogenization of hazard matrices. So far,ether an important disparity
between them, in particular on the hazard paramdwrels and thresholds used.

5. Use of quantitative methods in order to reduceestbijity. With the exception of the
Arno River Basin in Italy and Switzerland, for trest of the reported countries hazard
and risk outputs are qualitative. Depending onrttegping scale and given that the
quantitative information in probabilistic terms @f$ an objective insight to hazards
and risks, when feasible, it is necessary in otdeminimize the uncertainties that
derive from expert judgments and qualitative cosstons.

Concerning risk assessment, the methodologies alsedshow disparity in-between them. It
Is important to identify reliable methods for vulability assessment at different scales and to
standardize the quantified calculation of risk,dshen different scenarios. Given the scarce of
risk assessment methodologies, a possible harntamaa still on a premature phase.

No reference is made, for the reported countriestolerability and risk acceptability
thresholds. The establishment of common tolerabte acceptable threshold values for the
whole of Europe remains an open point for discussio

6.4 TERMINOLOGY

For the standardization of the methodologies fod&ide hazard and risk assessment the use
of common terminology is necessary. To this purgbseuse of the terminology described in
Section 1 is proposed.

6.5 MAP SYMBOLS

For the homogenization of hazard and risk maps,cteation of a common symbol and
legend library for the European area is recommendé@ symbols used should cover a
complete range of different types and mechanisntanofslides hazard and risk levels.
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7 ANNEX

The annex includes a synthesis of the informatiothe hazard and risk assessment practices
that are applied in the reported countries, usiuyg fables:

1. Table 7.1: Policies for hazard and risk assessment

2. Table 7.2: Input data

3. Table 7.3: Hazard assessment practices

4. Table 7.4: Risk assessment practices
The tables are enclosed to the deliverable in Excelat.
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