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the groundwater level of 8 mm per decade, They further calculated a de-
crease in the displacement rate of the earthflow in the range
1.5-3.0 mm per decade, leading to a maximum total displacement of
77 to 86 cm in the 51-year period 2010-2060. A relevant conclusion
of the study was that the expected climate change did not play a rele-
vant role in the dynamic behavior of the slow landslide in clay, due to
the moderate decrease in the amount of annual precipitation and limit-
ed effect of temperature increase on evaporation and groundwater
level.

Adopting the same simulation chain and global and regional climate
models, Rianna et al. (2014) investigated a slow, deep-seated landslide
in clay affecting the NE slope of the Orvieto hill, Umbria, central Italy. A
30-year-long monitoring record of the slide was used to establish a link
between rainfall and rate of landslide movement (Tommasi et al., 2006),
including a distinct reduction in the rate related to a decreasing trend in
the maximum annual 4-month cumulated rainfall. Coupling historical
data with high-resolution {up to 8 km) climate projections provided
by COSMO-CLM for two IPCC emission scenarios (RCP4.5 and RCP8.5,
Meinshausen et al,, 2011), the authors obtained a quantitative estimate
of the expected slope displacement until the end of 21st century, and
concluded that the predicted local climate changes will be responsible
for a significant deceleration of the landslide movement,

A few investigators used the physically-based maodelling approach to
evaluate the effects of climate change on populations of mainly shallow
landslides. Chang and Chiang (2011) determined a worst-case-scenario
for shallow landslide occurrence in a mountain catchment of Taiwan in
the 21st century. From 21 GCMs, they selected an optimal GCM
(CGCM2.3.2, Yukimoto et al., 2006), and the related monthly precipita-
tion, They downscaled annual 24-h rainfall maxima (considered a good
predictor for typhoons), and used it ~=—nput for the calculation of the
stability conditions of a slope, measu y the factor of safety. They es-
timated an increase of about 15% in the average annual maximum rain-
fall from 1960 to 2008 to 2010-2099 and, as a result, a 12% increase in
the average total unstable area between the considered periods.

Melchiorre and Frattini (2012) coupled a hydrological-stability
model to eleven GCM scenarios and Monte Carlo simulations to evaluate
changes in slope stability conditions of shallow landslides in central
Norway. The GCM data were used to evaluate soil saturation conditions
and pressure heads through the hydrological model, and an infinite
slope stability model used to compute the factor of safety. They found
diverging slope stability results for the future scenarios, and concluded

Landslides in a changing climate

year 2100, Comparing this result with thresholds calibrated on histori-
cal data in the period 1963-2007 they suggested an increase in the
total number of debris flows of approximately 30% by the end of the
21st century.

Jomelli et al. (2009) investigated the impact of future climate change
on the geographical and temporal occurrence of debris flows in the
Massif des Ecrins, in the French Alps. They used downscaled rainfall
and temperature data obtained from three simulations of the ARPEGE
GCM (Déqué et al.,, 1994), under the A2 IPPC scenario (Houghton
et al.,, 2001), for the 30-year future period 2070-2099. The projections
showed a decrease in the number of intense rainfall events and an in-
crease in temperature, compared to the calibration period 1970-1999.
Given the decrease in the number of intense rainfall events, the authors
estimated a 30% reduction in the temporal occurrence of debris flows,
and given the increase in temperature, they estimated a shift of the
0 °C isotherm to a higher elevation, which was expected to result in a
20% reduction in the number of slopes affected by shallow slope insta-
bilities, and a shift in the elevation of the areas susceptible to debris
flow initiation.

Turkington et al. (2016) predicted trends in debris flows activity,
measured by the number of days with debris flows, for the period
2010-2099, in the Barcelonnette valley, France, and the Fella catchment,
Italy, under the RCP4.5 and RCP8.5 scenarios. For their experiment, they
used a probabilistic approach to determine a dependence between rain-
fall events and debris flow occurrence (Turkington et al, 2014), and
bias-corrected climate projections of two meteorological proxies
i.e., daily rainfall from 1950 to 2009, and Convective Available Potential
Energy (CAPE) from 1979 and 2011. Using an ensemble of 32 climate
scenarios (from 3 RCMs and up to 6 GCMs, Jacob et al,, 2014) for the
rainfall proxy, and eight climate scenarios (from 4 GCMs, Taylor et al.,
2011) for the CAPE proxy, they found an increase of up to 6% per decade
in the number of days with debris flows towards the end of 21st centu-
ry, in both study areas, and acknowledged that their projections
depended strongly on the proxy used, and to a lesser extent to the
GCM, RCM, and the RCP scenarios.

Lastly, Ciabatta et al. (2016) investigated the impact of climate change
on landslide occurrence in Umbria, central Italy, using GCM projections
applied, n existing regional landslide early warning system (Ponziani
etal., 2 . First, they assessed the performance of the system using a
catalogue of 235 shallow landslides in Umbria from 1990 to 2013, Next,
they exploited hourly rainfall and temperature records obtained from

@ Thomas v
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1. Introduction

Some concepts in the field of HCI are commonly used by prac- bining s
titioners even if a lack of empirical research has prevented their importa
full understanding and impact. User experience (UX) could be toward

POl TS LR o WCL e, WA EAPCIHICHILNG | WA TS B IUYYEL T o LUl
action (HCI). Practitioners and researchers from a wide range of di
concept, However, despite many attempts to understand, define |
whether a consensus has been reached on this conce 1a willingi
research topic and bring the concept of UX to mamn[% replicatio
conducted. The main goal of the present study is to get a better
points on the notion of UX and to analyze potential evolutions over
tical use of the concept. As both practical and theoretical imp
importance for whoever designs interactive systems, the explorati
valuable step toward continual improvement of X activities, The
amongst 758 practitioners and researchers from 35 nationalities, It
cancept is understood and used throughout the world, Amongst inte
were observed according to the geographical location and backgro

[

Adicione comentarios com
‘post its' para comentar
sobre conteudo especifico

be explagned by the fact that U
of fuzzy dnd dynamic concepts a
eral HCI notions, Unde
challenge for HCI as it
measurement and des

Destaque texto para chamar
a atencédo para passagens
especificas

one of the-e fashion and fuzzy terms that is increasingly used even & Blythe 2007), As stated by Fent
thm n reached yet regarding its def- not contfol what you cannot m
initi ﬁ Highlight | ¢ cannot define” (p. 14
Ux: s such as usability, ergonomics X Manifesto, published in 2007
Or user acceprance [sarcenmia & gastien, 2009), some also agree sisted in answering the questior
that UX is a “truly extended and distinct perspective on the quality studying the basic concepts and a
of interactive products” (Hassenzahl, 2008). studies have tried to meet this

Since the 2000s, the concept of UX is widely used but under- attempts to understand UX have

stood in different ways (Law, Roto, Hassenzahl, Vermeeren, & approaches: reviewing UX rese
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the groundwater level of 8 mm per decade. They further calculated a de-
crease in the displacement rate of the earthflow in the range
1.5-3.0 mm per decade, leading to a maximum total displacement of
77to 86 em i the 51-year perio 2010-2050. AV WeGhE o
of the study was that the expected climate change did not play a rele-
vant role in the dynamic behavior of the Slow landsidein clay. due to
the moderate decrease in the amount of annual precipitation and limit

@ Thomas

Landslides in a changing climate

year 2100 Comparing (s resl with resholds callrated on st
cal data in the period 1963-2007 they suggested an increase in the
{otal mumber of debrisflows of approximately 30% by the end of the
21t century.
Jomellietal.
on the geographical and temporal ocurrence of debrs flows in the
Massif des Ecrins, French Alps. They used downscaled rainfall

ed effect of temperature increase on evaporation and g
level,

Adopting d global and Il
models, Rianna et al. (2014) investigated a slow, deep-seated landslide
inclay affcting th NE slop o the Orvitohil, Ui, central aly-A

and tempet obtained from the ARPEGE
GCM (Déqué et al., 1994), under the A2 IPPC scenario (Houghton
etal, 2001), for the 30-year future period 2070-2099. The projections
showed a decrease in the number of intense rainfall events and an i

crease in temperature, compared to the calibration period 1970-1999.

0-year toestablish a link
brtwern rainfall and rate nllandsl\demovemeﬂl(Iumm«s\ela\ 2006)

ms maximnmannua! - month cumlsted ainfal. Coupling Ristorical
data with high-resolution (up to 8 km) climate projections provided
by COSMO-CLM for two IPCC emission scenarios (RCP4.5 and RCPS.5,
Menshausen t sl 2011 the authors obtaned a quantiative stimate
of the expcted slopedisplacement il the end of 215t cen w2

concluded that
for a significant deceleration of the landslide ement

A §

the intamous smog event ot Th

rliest and best-known events of
lyi~~

)- Y
of

ty «

P

Change color

00000060

re ]
1de
uti 0 Add to Notebook ve'
)
;: i Delete Annotation tz)‘
1 T I —— — ]
uch events and not only miti- avoid

ly recognized: for example, re-

China,

|, they exploited hourly

Clique no
destaque para
adicionar o
trecho a um
Notebook

A Mendeley

ts, the authors
estimated a 30% reduction in the temporal occurrence of debris flows,
and given the increase in temperature, they estimated a shift of the
0°Cisotherm to a higher elevation, which was expected to result in a
20% reducion nthenumbx o slopes afected by shallow siope nsa-

. and a shift in the elevation of the areas susceptible to debris
ﬂuw initiation.

Turkington et al. (2016) predicted trends in debris flows activity,
measured by the number of days with debri flows, fo the period
2010-2
taly under the RCP4.5 and RCPS.5 scenarios. For their experiment, they

approach i
o cvints and debrs flow occurrence (Turkington et al. 2014), and
bias-corrected climate projections of two meteorological proxies
i daily rainfall from 1950 to 2009, and Convective Available Potential
Energy (CAPE) from 1979 and 2011. Using an ensemble of 32 climate
scenarios (from 3 RCMs and up to 6 GCMs, Jacob et al., 2014) for the
rainfall proxy, and eight climate scenarios (from 4 GCMs, Taylor et al.,
2011) for the CAPE prow they found an increase of up to 6% per decade
in the number 215t cent
1, in both study areas, and acknowledged that their projections
depended strongly on the proxy used. and to a lesser extent to the
GCM. RCM, and the RCP scenarios.

Lastly, Ciabatta et al. (2016) investigated the impact of climate change
on landslide occurrence in Umbria, central Italy, using GCM projections
dsting regional landslide early warning system (Ponziani

First, they assessed the performance of the system using a

catalogue of 235 shallow landslides in Umbria from 1990 to 2013, Next,
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). Comparing this result with thresholds calibrated on histori-
n the period 1963-2007 they suggested an increase in the
ber of debris flows of approximately 30% by the end of the

ury.

i et al.(2009) investigated theimpact of future climate change
sographical and temporal occurrence of debris flows in the
15 Ecring, in the French Alps. They used downscaled rainfall
data obtained from three simulations of the ARPEGE

s un ana
Tevel.

Adopting the same simulation chain and global and regional climate
models, Rianna et al, (2014) investigated a slow, deep-seated landslide
in clay affecting the NE slope of the Orvieto hill, Umbria, central Italy. A
30-year-long monitoring record of the slide was used to establish a link
between rainfall and rate of landslide movement (Tommasi et al., 2006).
including a distinct reduction in the rate related to a decreasing trend in
the maximum annual 4-month cumulated rainfall. Coupling historical
data with high-resolution (up to 8 km) climate projections provided
by COSMO-CLM for two IPCC emission scenarios (RCP4.5 and RCPS.5,

etal, 2011), the quantitative estimate
of the expected slope displacement until the end of 21st century, and
concluded that the predicted local climate changes will be responsible
for a significant deceleration of the landslide movement.

Afew investigators used the physically-based modelling approach to
evaluate the effects of climate change on populations of mainly shallow
landslides. Chang and Chiang (2011) determined a worst-case-scenario
for shallow landslide occurrence in a mountain catchment of Taiwan in
the 21st century. From 21 GCMs, they selected an optimal GCM
(CGCM2.32, Yukimota et al., 2006), and the related monthly precipita-
tion. They downscaled annual 24-h rainfall maxima (considered a good
predictor for typhoons), and used J:a ut for the calculation of the
stability conditions of a slope, measufew-dy the factor of safety. They es-
timated an increase of about 15% in the average annual maximun rain-
fall from 1960 to 2008 to 2010-2009 and, as a result, a 122 increase in
the average total unstable area between the considered periods

Melchiorre and Frattini (2012) cou pled a hydrological-stability

M d Monte C:

changes in slope stability conditions of shallow landslides in central
Norway. The GCM data were used to evaluate soil saturation conditions
and pressure heads through the hydrological model, and an infinite
slope stability model used to compute the factor of safety. They found
diverging slope stability results for the future scenarios, and concluded
that they could not quantify with certainty whether hillslopes became
more or less stable, since the inherent errors in scenario-driven climate
projections, of and slope
stability model parameters are larger than the variations induced by cli-
matic change.

GCM projections were also used as input to empirical/statistical
models, to analyze single landslides, or populations of landslides, Dixon
and Brook (2007) applied downscaled climatic scenarios to empirical/
statistical rainfall thresholds based on 1-month and 6-month (umula(cd
rainfall for a large (1 km long. 300 m large) rotational mudslide in Derby-
shire, England. They exploited historical data on landslide activity and
the corresponding 1-month and 6-month cumulated rainfall for the pe-
riod 1961-1990, and three climate scenarios (UKCIPS, Hulme et al.,
2002) for 2020, 2050, and 2080, based on the HadCM2 GCM (Johns

oo (Déqué et al, 1994), under the A2 IPPC scenario (Houghton
et al, 2001), for the 30-year future period 2070-2099. The projections
showed a decrease in the number of intense rainfall events and an in-
crease in temperature, compared to the calibration period 19701999,
Given the decrease in the number of intense rainfall events, the authors
estimated a 30% reduction in the temporal occurrence of debris flows,
and given the increase in temperature, they estimated a shift of the
0 “Cisotherm to a higher elevation, which was expected to result in a
20% reduction in the number of slopes affected by shallow slope insta-
bilities, and a shift in the elevation of the areas susceptible to debris
flow initiation.

Turkington et al. (2016) predicted trends in debris flows activity,
measured by the number of days with debris flows, for the period
2010-2099,in France, and th
ttaly, under the RCP4.5 and RCPB.5scenarios.For their experiment, Ihey

used

fall events and debris ﬂﬂw occurrence (Turkington et al. 2014), "
bias-corrected climate projections of two meteorological proxies
iie. daily rainfall from 195010 2009, and Convective Available Potential
Energy (CAPE) from 1979 and 2011. Using an ensemble of 32
scenarios (from 3 RCMs and up to 6 GCMs, Jacob et al., 2014) for the
rainfall proxy. and eight climate scenarios (from 4 GCMs, Taylor et al.,
2011) for the CAPE proxy, they found an increase of up to 6% per decade
in the number of days with debris flows towards the end of 215t centu-
ty, in both study areas, and acknowledged that their projections
depended strongly on the proxy used, and 10 a lesser extent to the
GCM, RCM, and the RCP scenarios.

Lastly, Ciabatta et al. (2016) investigated the impact of climate change
on landslide occurrence in Umbria, central Italy, using GCM projections
in existing regional landslide early warning system (Ponziani

First, they assessed the performance of the system using a
catalogue of 235 shallow landslides in Umbria from 1990 to 2013. Next,
they exploited hourly rainfall and temperature records obtained from
downscaled outputs of five GCMs for a baseline period (1990-2013,
under the historical scenario, Meinshausen et al., 2011) and for two future
30-year periods (2040-2069, 2070-2099, under the RCP8.5 scenario,
Riahi et al, 2011) as input to their landslide early warning system. They
found an increase of >40% in landslide occurrence in Umbria, mainly in
winter. In the cold/wet season the increase in the number of landslide
events is due to an increase in rainfall amounts and a small decrease in
soil moisture. Conversely, in the warm/dry season a strong decrease in
soil moisture and a sensible increase in rainfall intensity do not produce
a change in landslide occurrence. A significant conclusion was that the
modelling results depended largely on the selection of the GCMs, the
downscaling methods, the weather generators used to downscale daily
rainfall and temperature data to ebtain hourly time series.

Create as many Notebook
pages as you need

@ Thomas v

Evaluation of the Effects of Climate Changes on Landslide Activity ..

Info Annotations  Notebook X

< Back to all pages

Influence of climate on slope stability and
landslide hazard

Adicione um titulo de notebook

Short-term climate effects influence landslides in periods rangingfrom a
few years to one or two centuries, whereas long-term effectscover
longer periods in the range from a few centuriesFor stable slopes,
climate variations are expected to in-fluence primarily the landslide
preparatory factors (e.g., antecedentrainfall, weathering, land cover,
forestation, deforestation), bringingthe slopes to marginally stable
conditions.This is because small shallow landslides are controlledby
rainfall peaks or maxima and by rainfall intensity at short

durations, whereas large deep-seated landslides are affected chiefly by
monthlyand/or seasonal rainfall.

Digite no corpo de uma

“— pagina de notebook

# The modeliing approach investigates variations in the stability
conditions of single slopes or landslides driven by long-term
rainfall »7

At the local scale, the stability conditions of a slope can beascertained
computing the factor of safety, FS which expresses theratio between
the local resisting (R) and driving (D) forces.

Todos os destaques
adicionados a pagina do
Notebook serdo exibidos.
Navegue de volta para a
fonte de qualquer
destaque selecionando-o

ELSEVIER



LA Mendeley ELSEVIER



Instalando Mendeley Cite (escolha uma das opgdes)

1. Pelo link mendeley.com/reference-management/mendeley-cite

3. Pelo menu
'Insert’ no
Microsoft® Word

Mendeley Cite Mendeley Cite

References ~ Citation Style More v

Seamlessly insert references and
 references below to cite bibliographies into your document using

Get Mendeley Cite

4. Pelo menu
'Insert’ no
Microsoft Word
para iPad®

2. Pelo menu 'Tools’ no Mendeley
Reference Manager (desktop)

|ler Fille kAt 100Is Help

pr— Install Mendeley Web Importer
ry ‘ ’ Install Mendeley Cite for Microsoft Word

Search for articles online

F

All Pafaranrac

SR Mendeley

) Getadd-ins  \X/

o@ My Add-ins v Wikipedia

Home [[EEY Draw Layout Review Vie
H @ G E$ @0 T D B A G &acis
Add-ins
W Wikipedia
&P My Add-ins
o® seenl
-l 5 B I U

ELSEVIER


https://www.mendeley.com/reference-management/mendeley-cite

Usando Mendeley Cite: gerando citacoes em texto no Word

Mendeley Cite T

File Home Insert Layout References Review View Help Ope

N References Citation Style More IS
Table of Contents v 36 Insert Footnote E‘] Insert Endnote @ Mendeley Cite —_— h

i:Sandstrom et al. 2014 Q:

<

Social Psychology

—| Pesquise dentro de uma colecao

‘ /O Search for references to add.. ‘

Social interactions and well-being: The
surprising power of weak ties
Sandstrom G, Dunn E
Personality and Social Psychology Bulletin (2014) 40(7) 9...

D Differential effects of COVID-19 lockdowns on
well-being: interaction between age, gender
and chronotype

Owved S, Mofaz M, Lan A, Einat H, Kronfeld-5cho...
Journal of the Royal Sodety, Interface (2021) 18(179) 20...

D Strength matters: Tie strength as a causal
=1

wirms ok masdarmelea” fsnde e mbi o b s fide
Cancel - (Sandstrom et al, 2014)
“i’. Mendeley

A Mendeley ELSEVIER



Inserindo sua bibliografia

Mendeley Cite T

References Citation Style | More <

O Insert Bibliography
Select references below to

7 Update From Library

Social Psychology s

L Search for references to add..

D Social interactions and well-being: The
surprising power of weak ties

Sandstrom G, Dunn E
Personality and Social Psychology Bulletin (2014) 40(7) 9...

D Differential effects of COVID-19 lockdowns on
well-being: interaction between age, gender
and chronotype

Owved S, Mofaz M, Lan A, Einat H, Kronfeld-5cho...
Journal of the Royal Society, Interface (2021) 18(179) 20...

D Strength matters: Tie strength as a causal
driver of networks’ information benefits

Kim M, Fernandez R
Social Science Research (2017) 65 268-281

[ he rale o

‘?. Mendeley

A Mendeley ELSEVIER



Encontrando um estilo de citacao

I - » i - x .
Mendeley Cite Mendeley Cite Mendeley Cite T
References Citation Settings More | ¢ - <
< Change citation style ¢  Search another style
CITATION STYLE
WVancouver “
‘;‘t";ig‘i’t‘i‘:nps"'c"”'“g"’a' Association Search for citation styles online. When you
\EEE update your citation style, it will also display

in your citation styles list.
Change citation style

American Medical Association 11th edition Search for a citation stvle

CITATION LANGUAGE

English (US) American Sociological Association Gth
edition

Change citation language

Mature

Cite Them Right 12th edition - Harvard

Search for another style >

B - A custom siye >

A Mendeley ELSEVIER



LA Mendeley ELSEVIER



Grupos Privados

Veja os grupos que vocé
criou ou se juntou

Adicione referéncias a um
grupo arrastando e
soltando

A Mendeley

-

-

A Library

=+ Add new

I\ All References
@© Recently Added
[1 Recently Read

ir Favorites

o

My Publications

COLLECTIONS
Astrophysics
Metamorphic Principles
Thesis Papers

New collection

PRIVATE GROUPS

Clinical Trial 2019
UCL Medicine Lab

New Group

Notebook

Private Groups / Clinical Trial 2019

AUTHORS

Amina Helmi, Jovan Veljan

] N. Canac, K. N. Abazajian

L. Chen, A. Kospal

] F. Spoto, P. Tanga

5. Bouguillon, J. Desmars

M. Fumagalli, A. Boselli

C Guerlin, P Wolf

YEAR

2017

2016

2017

2015

2016

2017

2015

TITLE

A box full of chocelates: The rich structure of the ne...

Observational Signatures of Gamma Rays from Bri...

A study of dust properties in the inner sub-au region...

The HI Distribution Observed toward a Halo Region...

Halpha imaging observations of early-type galaxies...

Cosmic-ray Antimatter

Interactions between multiple supermassive black...

SOURCE

Astrophysics

High Energy Astro...

Solar and Stella

Astrophysics

Instrumentation...

Astronomical

New Astronomy

r

ADDED ~

08/04/19

08/04/19

08/04/19

08/04/19

08/04119

08/04/19

08/04/19

@ Thomas ~

Q Search

ADDED BY

Sven Svenson

Sven Svenson

Sven Svenson

Sven Svenson

Sven Svenson

Sven Svenson

Sven Svenson

FILE

ELSEVIER



rupos

%Y Library

+ Add new

I\ All References
(© Recently Added
[1 Recently Read

it Favorites

My Publications

4

COLLECTIONS

Astrophysics

Metamorphic Principles

Thesis Papers

New collection

4

PRIVATE GROUPS

Clinical Trial 2019

UCL Medicine Lab

New Group

Privados

Notebook

Private Groups / Clinical Trial 2019

AUTHORS

Amina Helmi, Jovan Veljan

~ N. Ganac, K. N. Abazajian

L. Chen, A. Kospal

~ F. Spoto, P. Tanga

S. Bouguillon, J. Desmars

M. Fumagalli, A. Boselli

C Guerlin, P Wolf

A Mendeley

YEAR

2017

2016

2017

2015

2016

2017

2015

TITLE

A box full of chocolates: The rich structure of the ne...

Observational Signatures of Gamma Rays from Bri...

The HI Distribution Observed toward a Halo Region...

Halpha imaging observations of early-type galaxies..

Cosmic-ray

SOURCE ADDED ~
Astrophysics 08/04/19
High Energy Astro... 08/04/19
A study of dust properties in the inner sub-au region...  Solar and Stellar 08/04/19
Astrophysics 08/04/19
Instrumentation...  08/04/19
Library Notebook

Interactions
Implications of climate change on landslide hazard in Central Italy

the groundwater level of 8 mm per decade. They further calculated a de-
crease in the displacement rate of the earthflow in the range
1.5-3.0 mm per decade, leading to a maximum total displacement of
77 to 86 cm in the 51-year period 2010-2060. A relevant conclusion
of the study was that the expected climate change did not play a rele-
wvant role in the dynamic behavior of the slow landslide in clay, due to
the moderate decrease in the amount of annual precipitation and limit-
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year 2100. Comparing this result with thresholds calibrated on histori-
cal data in the period 1963-2007 they suggested an increase in the
total number of debris flows of approximately 30% by the end of the
21st century.

Jomelli et al. (2009) investigated the impact of future climate change
on the geographical and temporal occurrence of debris flows in the
Massif des Ecrins, in the French Alps. They used downscaled rainfall
and data obtained from three simulations of the ARPEGE

ed effect of temperature increase on and
level.

Adopting the same simulation chain and global and regional climate
models, Rianna et al. (2014) investigated a slow, deep-seated landslide
in clay affecting the NE slope of the Orvieto hill, Umbria, central Italy. A
30-year-long monitoring record of the slide was used to establish a link
between rainfall and rate of landslide movement (Tommasi et al., 2006),
including a distinct reduction in the rate related to a decreasing trend in
the maximum annual 4-month cumulated rainfall. Coupling historical
«data with high-resolution (up to 8 km) climate projections provided
by COSMO-CLM for two IPCC emission scenarios (RCP4.5 and RCPS.5,
Meinshausen et al., 2011), the authors obtained a quantitative estimate
of the expected slope displacement until the end of 21st century, and
concluded that the predicted local climate changes will be responsible
for a significant deceleration of the landslide movement.

Afew investigators used the physically-based modelling approach to
evaluate the effects of climate change on populations of mainly shallow
landslides. Chang and Chiang (2011) determined a worst-case-scenario
for shallow landslide occurrence in a mountain catchment of Taiwan in
the 21st century. From 21 GCMs, they selected an optimal GCM
(CGCM2.3.2, Yukimoto et al., 2006), and the related monthly precipita-
tion. They downscaled annual 24-h rainfall maxima (considered a good
predictor for typhoons), and used it ps~nput for the calculation of the
stability conditions of a slope, measu: y the factor of safety. They es-
timated an increase of about 15% in the average annual maximum rain-
fall from 1960 to 2008 to 20102099 and, as a result, a 12% increase in
the average total unstable area between the considered periods.

Melchiorre and Fra (2012) coupled a hydrological-stability
model to eleven GCM scenarios and Monte Carlo simulations to evaluate
changes in slope stability conditions of shallow landslides in central
Norway. The GCM data were used to evaluate soil saturation conditions
and pressure heads through the hydrological model, and an infinite
slope stability model used to compute the factor of safety. They found
diverging slope stability results for the future scenarios, and concluded

GCM (Déqué et al,, 1994), under the A2 IPPC scenario (Houghton
et al, 2001), for the 30-year future period 2070-2099, The projections
showed a decrease in the number of intense rainfall events and an in-
crease in temperature, compared to the calibration period 1970-1999.
Given the decrease in the number of intense rainfall events, the authors
estimated a 30% reduction in the temporal occurrence of debris flows,
and given the increase in temperature, they estimated a shift of the
0 °C isotherm to a higher elevation, which was expected to result in a
20% reduction in the number of slopes affected by shallow slope insta-
bilities, and a shift in the elevation of the areas susceptible to debris
flow initiation.

Turkington et al. (2016) predicted trends in debris flows activity,
measured by the number of days with debris flows, for the period
2010-2099, in the Barcelonnette valley, France, and the Fella catchment,
Italy, under the RCP4.5 and RCP8.5 scenarios, For their experiment, they
used a probabilistic approach to determine a dependence between rain-
fall events and debris flow occurrence (Turkington et al., 2014), and
bias-corrected climate projections of two meteorological proxies
i.e., daily rainfall from 1950 to 2009, and Convective Available Potential
Energy (CAPE) from 1979 and 201 1. Using an ensemble of 32 climate
scenarios (from 3 RCMs and up to 6 GCMs, Jacob et al., 2014) for the
rainfall proxy, and eight climate scenarios (from 4 GCMs, Taylor et al.,
2011) for the CAPE proxy, they found an increase of up to 6% per decade
in the number of days with debris flows towards the end of 21st centu-
ry, in both study areas, and acknowledged that their projections
depended strongly on the proxy used, and to a lesser extent to the
GCM, RCM, and the RCP scenarios.

Lastly, Ciabatta et al. (2016) investigated the impact of climate change
on landslide occurrence in Umbria, central Italy, using GCM projections
applied, n existing regional landslide early warning system (Ponziani
et al,, 2tvz). First, they assessed the performance of the system using a
catalogue of 235 shallow landslides in Umbria from 1990 to 2013. Next,
they exploited hourly rainfall and temperature records obtained from
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