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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 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—put for the calculation of the
stability conditions of a slope, measutcay 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

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 °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 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
appliedrt=in 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
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CRVE, but does not lead to a corresponding increase in its rank. To see this, stack the dummy
variable dh;; for cluster g into the N; X 1 vector dh,. Then dhyii, = 0, by the OLS
normal equations, leading to the rank of Vg, [E] falling by one for each cluster-specific effect.
If there are k regressors varying within cluster and G — 1 dummies then, even though there
are K + G — 1 parameters f3, the rank of Vdu[ﬁ] 1s only the minimum of K and G — 1. And
atestthat a@y,..., @; are jointly statistically significant is atest of G — 1 restrictions (since the
intercept or one of the fixed effects needs to be dropped). So even if the cluster-specific fixed
effects are consistently estimated (1.e.. if N; — ), 1t is not possible to perform this test if
K < G — 1, which 1s often the case.

If cluster-specific effects are present then the pairs cluster bootstrap must be adapted to
account for the following complication. Suppose cluster 3 appears twice in a bootstrap
resample. Then if clusters in the bootstrap resample are identified from the original
cluster-identifier. the two occurrences of cluster 3 will be incorrectly treated as one large
cluster rather than two distinct clusters.

In Stata, the bootstrap option idcluster ensures that distinct identifiers are used in
each bootstrap resample. Examples are regress y x i.id_clu, vece(boot,
cluster (id clu) idcluster (newid) reps(400) seed(10101)) and. more
simply, xtreg v x, fe vce (boot, reps (400) seed(10101)), as in this latter case
Stata automatically accounts for this complication.

C. Feasible GLS with Fixed Effects

When cluster-specific fixed effects are present, more efficient FGLS estimation can
become more complicated. In particular. if asymptotic theory relieson G — o0 with N, fixed.
the @, cannot be consistently estimated. The within estimator of f§ is nonetheless consistent,
as ag disappears in the mean-differenced model. But the resulting residuals ; g are
contaminated, since they depend on both ﬁ and @, . and these residuals will be used to form a
FGLS estimator. This leads to bias in the FGLS estimator, so one needs to use bias-corrected
FGLS unless N, — co. The correction method varies with the model for Q, = V[u,]. and
currently there are no Stata user-written commands to implement these methods.

For panel data a commonly-used model specifies an AR(p) model for the errors u;, 1n
(17). If fixed effects are present, then there is a bias (of order N 1Y in estimation of the AR(p)
coefficients. Hansen (2007b) obtains bias-corrected estimates of the AR(p) coefficients and
uses these in FGLS estimation. Hansen (2007b) in simulations shows considerable efficiency
gains in bias-corrected FGLS compared to OLS.

Brewer, Crossley, and Jovce (2013) consider a DiD model with individual-level U.S.
panel data with N = 750,127, T = 30. and a placebo state-level law so clustering is on state
with G = 50. They find that bias-corrected FGLS for AR(2) errors, using the Hansen (2007b)
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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-
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-

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

ed effect of increase on evap
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.
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and data obtained from three simulations of 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 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°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 pcnod

2010-2099,in the alley, France, and
Italy, under the RCP4.5 and RCP8.5 scenarios. For their experiment, lh('y
used a approach to d

fall events and debris flow occurrence (Turkington et al.. 2014), and
bias-corrected climate projections of two meteorological proxies
e, daily rainfall from 1950 to 2009, and Convective Available Potential
¥ (CAPE) from 1979 and 2011. Using an ensemble of 32 climate
|m (from 3 RCMs and up to 6 GCMs, Jacob et al., 2014) for the
€1 proxy. and eight climate scenarios (from 4 GCMs, Taylor et al.,
for the CAPE proxy, they found an increase of up to 6% per decade
unber of days with debris flows towards the end of 21st centu-
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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
(CGEM2.3.2, 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 2="pput for the calculation of the
stability condiitions of a slope, mea )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 Frattini (2012) coupled a hydrological-stability
M d Mont

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 o less stable. since the inherent erors inscenario-driven limate
projections, and
stability model parameters are larger than the variations induced uy 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/
statitical rainfall thresholds based on 1-month and 6-month cumulated
rainfall for alarge (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
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vear 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.

Jomellietal. (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
GEM (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 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°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.

Turkingten 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 lley, France, and the
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
hmﬁurrmed climate projections of two meteorological proxies

all 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 21t centu-
ry, in both study areas, and acknewledged that their projections
depended strongly on the proxy used, and to a lesser extent to the
GCM, RCM, and the RCP scenarios.
batta et al. (2016) investigated the impact of climate change
on landslide occurrence in Umbria, central Italy, using GCM projections
n 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 RCP85 scenario,
Riahi et al, 2011) as input to their landslide early waming 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
achange 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 obtain hourly time series.
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Influence of climate on slope stability and <
landslide hazard

Short-term climate effects influence landslides in periods rangingfrom a

few years to one or two centuries, whereas long-term effectscover

langer periods in the range from a few centuriesFor stable slopes,

climate variations are expected (o in-fluence primariy the landsiide <
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 landsiides are affected chiefly by
monthlyand/or seasonal rainfall.

4 The modelling approach investigates variations in the stability
conditions of single slopes or landslides driven by long-term
rainfall 13

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.
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relationships is often limited (Finger-man 2009) and less close relationships can provide unique benefits (Baker et al,, revise and
resubmit; Chopik 2017). Moreover, the amount of time required to develop close relationships can be immense. Hall (2018) estimated
that turning a friendship into a good or best friendship requires an investment of 120-200+ hours over 3—6 weeks. This level of

effort is equivalent to taking on a full-time job! Meanwhile, in that same amount of time, people might form nine new casual
friendships (Hall 2018). We do not suggest that people should pursue only casual relationships at the expense of close relationships,
or close relationships at the expense of casual relationships. Instead, we point out the surprisingly large investment required to
increase closeness. This investment underlies the importance of basic strategies for understanding how people reap benefits from
relationships regardless of their level of closeness. Reaping these benefﬁmight occur through need satisfaction that results from
experiencing rapport in interactions with others. Rapport might be expected to be related to need satisfaction in a sort of halo of
positivity, but rapport’s component parts may suggest other reasons for their likely association. For instance, when interactants share
mutual attention, the engagement experienced by both conveys a sense of competence that each is an effective interactaﬂﬂ. Likewise,
the synchrony of an interaction high in rapport has been shown to causally increase feelings of affiliation, a construct very similar to
relatedness. Finally, if a sense of coordination is felt between interactants when people are simply acting as they naturally would, this
will lead to increased feelings of autonomy satisfaction because people do not feel pressured to change to improve the inter-action.
While our examples draw parallels between individual components of rapport and individual needs, we do not suggest that these are
the only ways these constructs might be associated. For instance, a sense of coordination would be likely to satisfy competence and
relatedness in the same way mutual attention and synchrony are suggested to satisfy them. Rapport and need satisfaction as a
fundamental association. As reviewed above, rapport can be experienced in a wide variety of relationships. Still, it is worth
considering whether rapport provides need satisfaction in the same way across these different types of relationships. Recent research
suggests that there are mean level differences in amounts of need satisfaction provided by close and non-close relationships, with
non-close relationships providing considerably less need satisfaction (e.g., Baker et al,, revise and resubmit). Still, the same research
also found that the processes by which this need satisfaction is experienced did not seem to change markedly across different types of
relationships. With both close and less close others, need satisfaction predicts greater well-being and goal progress. Interestingly,
these associations emerged uniguely. That is, while less overall need satisfaction was reported with non-close others, the need
satisfaction that was experienced in each type of relationship mattered uniquely for important outcomes. Another line of research
examining need satisfaction in different types of relationships, suggested that need satisfaction’s association with attachment security
was uniguely and consistently related in at least six different kinds of close relationships (4). Taken together, these results suggest that
while absolute levels of need satisfaction may vary from one relationship type to another, the predictors and outcomes of need
satisfaction may be constant. A similar set of associations between rapport and need satisfaction across different kinds of
relationships, might suggest a universal process by which interactions benefit people in the present study. The present research was
conducted with the expectation that high-quality interactions, that is, those characterized by high levels of rapport, would lead to
greater feelings of one’s basic psychological needs being satisfied. Given that need satisfaction has the greatest benefits when all
three needs are satisfied, rapport should be most impactful when it leads to satisfaction of each need independently. The present
study examined the relationship between rapport and need satisfaction in one’s interactions across a two-week span, without being
confined to specific domains or relationships. Additionally, this study explored the role of chronic rapport (i.e., across 2 weeks of one’s
interactions) in relation to satisfaction of global need satisfaction, as well as the role of momentary rapport (i.e., experienced ina
single interaction) in relation to need satisfaction in that same interaction. Rapport is commonly studied in the context of interactions,
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Self-determination theory applied to discrete community organizing principles
Abstract

Given that interactions with others are so prevalent and pervasive, they have the ability to significantly affect people’s lives both day-to-day
and more globally. These interactions are inherently difficult{1) to study because they can occur with variable frequency and in different types
of relation-ships, from the most intimate (e.g., a romantic partner), to the most superficial (e.g., a transaction with a cashier). The
relationships we form with close others are fundamental to physiclogy, affect, health behaviors, and a variety of health outcomes (e.g.,
Kiecolt-Glaser et al. 2005; Pietromonaco et al. 2013). Likewise, less close others can provide benefits that complement [Baker et al., revise
and resubmit] or even exceed (Chopik 2017) those of our closest relationships. The present research builds on these findings by examining
how all of one’s interactions, as opposed to only those with close relationship partners, may impact individuals. Specifically, this research
examined how rapport (i.e., positive affect, mutual attention, and coordination) in the context of one's daily social interactions predicts the
fulfillment of one’s basic needs for autonomy, P and related| Basic psychological needs. Self-Determination Theory (SDT)(2)

postulates three basic psychological needs: autonomy, competence, and related-ness, which underlie growth, motivation, performance, and
well-being (Deci and Ryan 2000). Work both within and outside of SDT has provided support for a need for relatedness in which individuals
feel close and connected to others (e.g., Baumeister and Leary 1995). Competence has received similar support (e.g., Elliot and Dweck 2005)
and is satisfied when people pursue and master tasks that are optimally challenging—neither too difficult nor too easy. Finally, a great deal of
research has supported autonomy’s significance within and outside of the SDT tradition (e.g., Reis et al. 2000; Rogers 1963). Autonomy
refers to the desire that behavior be self-directed, and that people possess agency in choosing their own actions. There are many ways in
which need satisfaction may be fostered in interactions. In the context of interactions, relatedness might be satisfied when interactants

020-09819 -5) contains supplementary material, which is available to autherized users.
Motivation and Emotion

Competence satisfaction should be experienced when interactants feel that they are interacting effectively rather than having an awkward or
stumbling conversation. Autonomy will be satisfied when interactants feel comfortable voicing their thoughts or opinions. Notably, the need
for autonomy can still be satisfied when acting in accord with another's wTshes‘. The nature of another’s wishes is not as pertinent as is the
motivation for the action. If people behave in a certain way only to satisfy the demands of another, this would not support autonomy. How-
ever, if people act in accord with another's wishes and do so because they find the action inherently rewarding, or because it is consistent
with their sense of self, this would satisfy autonomy (Deci and Ryan 2000). This nuance accounts for why autonomy and relatedness are guite
compatible and typically are positively related {Hodgins et al. 1996).A great deal of evidence suggests that basic psychological need
satisfaction, as defined by SDT, is fundamental to human functioning through its impact on well- and ill-being {e.g., Deci and Ryan 1985,
2000). For example, satisfaction of one’s needs positively predicts life satisfaction, vitality, positive affect, positive self-concept, coder-rated
and self-reported adjustment, self-esteem, self-acceptance, purpose in life, personal growth, relationship quality, happiness, and mental
health {Baard et al. 2004; Chen et al. 2015; Heppner et al. 2008; Milyavskaya et al. 2009; Philippe et al. 2011; Sheldon and Niemiec 2006).
Likewise, lower need satisfaction is related to more depressive symptoms, negative affect, oppositional-defiance, impulsivity, anxiety, somatic
symptoms, social dysfunction, and stress (Baard et al. 2004; Chen et al. 2015; Heppner et al. 2008; Milyavskaya et al. 2009; Philippe et al.
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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-
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.

Afewi i used the physically-based 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 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
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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 temperature data obtained from three simulations of 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 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
appliedrt==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
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ABSTRACT

Coronavirus disease (COVID-19) is caused by SARS-
COV2 and represents the causative agent of a
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of COVID-19 have been implemented to control the
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Mendeley Support Center

Look here for the latest
Release Notes, or search a
topic to see if an answer is
already available

Individual support is
available through links at the
bottom of every support
page. Open a live chat, send
an email or reach out
through social media

Mendeley Support Center

Release Notes
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New and updated FAQs
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What's new

+ Mendeley is refocusing on what's important to our users: what does it mean for you?

» Accessing your Mendeley library after the mobile app is no longer available
+ Mendeley Desktop does not support macOS 11 Big Sur
+ Missing ‘Public’ and ‘Invite-only’ Groy--

» Password reset error: temporary work For fu rther assistance:

Top 10 FAQs D Co

- Mendeley Reference Manager: Knowr Email Chat
. What is Mendeley Reference Managel
- What has happened to my invite-only

. Mendeley Release Notes
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Twitter

. What can | do if I'm having trouble sigRiAg Ao WMEndeley Web Tmporter:
. How do | fully uninstall the Word Plugin?

. How do | check for and Merge duplicates in Mendeley Desktop?

. How do | use the Elsevier PDF reader?
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