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Implications of climate change on landslide hazard in Central italy

A Mendeley

the groundwater level of 8 mm per decade. They further calculated ade-
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 B6 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 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 respansible
for a significant deceleration of the landslide movement.

A few investigators used the physically-based modelling approach to
evaluate the effects of climate change on popularions aof 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, Yukimeto 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 p="aiput for the calculation of the
stability conditions of a slope, measu y the factor of safety. They es-
timatred 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 Frattini (2012) coupled a hydrological-stability
maodel 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 mode| 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
215t 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 low 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, Ciabarta et al. (2016) investigated the impact of climate change
on landslide occurrence in Umbria, central Italy, using GCM projections
appliedrt==in existing regional landslide early waming 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
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titioners even il a lack of empirical research has prevented their importa
full understanding and impact. User experience (UX) could be toward
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one of the e fashion and fuzzy terms that is increasingly used even & Blythe 2007 ), As stated by Fen
thom n reached yet regarding its del- not contfol what you cannot m
mniti ;ﬁs’ Highlight s g ¢ - cannot define” (p. 14
ux: — 15 such as usability, ergonomics UX Manifesto, published in 2007

Or user acceprance (sarcemua @ gastien, 2000), some also agree
that UX is a "truly extended and distinct perspective on the quality
of interactive products” (Hassenzahl, 2008),

Since the 2000s, the concept of UX is widely used but under-
stood in different ways (Law, Roto, Hassenzahl, Vermeeren, &
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studying the basic concepts and a
studies have tried to meet this
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Imgplications of climate change an landslide hazard in Ceantral ltaly

the groundwates kevel of & mim per decade. They further calculated a de-
erease in rhe displacement rate of the earthfiow in the range
1.5-3.0 mm per decade, keading to a maximum tocal displacement of

1086 cm in the 51-year period 200 0-2060. & relevan conclusbon
of the study was that the expected climate change did not play a rele-
want v in the dynamic behavior of the slow landslide in day, doe o
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
mindels, Kianna et al, (2014) investigated 2 show, decp-seated landslide
in clay affecting the NE sbope ol the Orvieto hill, Umbria, central ltaly, A
30-year-long, monitoring record of thi shde was used to establish a link
i i ( asi el 2., 2006),

easing trend in
the maximem annual 2-meath cemulated rainfall Coupling historical
data with high-resolution (up to 8 km) climate projections provided
by COSMO-CLM for twa IPCC emission seenarios (ROPAS and ROPES,
Mesnshausen et al, 2011, the authors obtained 3
af the expected slope displacement until the end of 21st century, and
concluded that the predicted local climate changes will be respansibile
for a significant deceleration of the landslide movement,

A ol the physically-tased modelling a ch o
evaluate the effects of climate change on popularions of mainly shallow
landsides. Chang and Chidng [2011) determaned a wisrss-case-scenarie
for shallow landslide occurrence in a mountain catchment of Taiwan in
the 28st century. From I1 GOMs, they selected an optimal GCM
[€GCM2.3.2, Yukimoto et al, 2006), and the related monthly precipita-
tiom, They downscaled annual 24-h rainfall maxima (considered a good
predictor for typhoons ), and used it As-apat for the caloulation of the
stability conditions of a shape, measuncady the factor of safory. They cs-
timated an increase of about 15% in the average annual maximum rain-
fall from 1960 to 2008 to 2010-2099 and, a5 a resulk, a 125 incease in
the average 1wtal unstable area benween the considered periois,

Mk hitee and ini (20177 coupled a hydralogical-stability
model foeleven GEM i | Mante C i i 1
ehanges in slope stability conditions of shallow landskides in central
Rorway. The GOM data were used (o evaluate soil saturation conditions
and pressire heads through the hydrolagical model, and an infinite
shope stabiliny model usad (o compute the factor of safery. They fand
soeparis, and conclided
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year 2100, Comparing this result with thresholds calibrated oa histor-
cal data in the peried 1963-2007 they suggested an increase in the
toral number of debris fows of approximarely 300 by the end of the
2hst century.

Jomefli et al (2008} pact of future c hange
on the geographical and temporal ooourrence 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 2070-20040. The projections
showed a decrease in the number of interne rainfall events and an in-
crease in compared to the cali period 1970-1999,
Givens the decrease in the number of intense rainfall events, the authars
estimated a 30% reduction in the temporal ocourrence of defirs Do,
and given the increase in temperature, they estimated a shift of the
0°C isotherm 1o a highey elevation, which was expected o resull in a
2000 recluction in the number of slopes alfected by shallow skpeinsia
bilitses, and 2 shilt in the elevation of the areas susceptilile to debris
flow initiarion

Turkingeon el (2016] predicted trends bn debris Nows activity,
measured by the number of days with debris flows, for the period
2010-20096, b the Barcefonneste valley, France. and the Fella catchment,
Inaly, urder the REPAS and RCPE.5 scenatios. For their experiment, they
used a approach i B herween raim-
fabl events and debris low occorrence (Turkington et ak, 2014), and
bigs-corrected climate projections of two metesrological proxses
Le, daily rainfall from 1950 to 2009, and Convective Available Potential
Energy [CAPE) from 1979 and 201 1. Using an ensembile of 32 climate
seenarios (from 3 RCMs and up to 6 GOMs, Jacob et al. 2014} for the
rainfall proxy, and eight climate scenarios {from 4 GCMs. Taylor et al.,
01 1) o thie CAPE proscy, they faund an inaease ol up to 6% per decade
In the number of days with debris lows towards the end of 215t centi-
ry, in both study areas, and acknowledged that their projections
depended strongly on the proxy used, and 1o a lesser extent (o the
COM, RCML and the RCP scenariog.

Lastly, Ciatuatta et al. {2016) investigated the impact of dimate change
on landsfide occurrence in Urnbria, central aly, using GOM projections
appl n existing regional Landstide early wearning system [Ponias
etal First, they assessed the parfarmance of the system using 3
catalogue of 235 shallow Lndslides in Umnbri from 1990 10 2017 Next,
= reconds olifaingd lrom
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ABSTRACT

Caronavirus disease (COVID-19) is caused by SARS-
COV2 and represents the causative agent of a
potentially fatal disease that is of great global public
health concern. Based on the large number of
infected people that were exposed to the wet animal
market in Wuhan City, China, it is suggested that this
is likely the zoonatic origin of COVID-19. Person-to-
person transmission of COVID-19 infection led to the
isolation of patients that were subsequently
administered a variety of treatments. Extensive
measures to reduce person-to-person transmission
of COVID-19 have been implemented to control the
current outbreak. Special attention and efforts to
protect or reduce transmission should be applied in
susceptible populations including children, health
care providers, and elderly people. In this review, we
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