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Goal: real-time prediction of the landslide displacement rate

Input data ELAME models Output data
Effective rainfall Landslide

or displacement rate
Piezometric level

Fluidization events

Cumulative
displacement

1° (m)

v,

Super-Sauze 9 years

mud flow
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Input data — FLAME models > Outputdata

MA: 1D mechanical model
(viscoplastic rheology)

a Landslide

displacement rate

Piezometric level p—

: hauteur de la masse glissante

' niveau piézométrique
:inclinaison de la pente

: hauteur de la bande cisaillement

oo N T

IR: impulse response model
(convolution product)

Rainfall * Tiegervoir type

X X Landslide
Effective Rainfall p— allltmn.... | contribution day 1 % FiI e ———
1 contribution day 2 | | " . .
h ES— iy, contributions
L N e,
T el & ° } | contribution day 3 B e
| : ‘ntime Fdays)m © " ’ ’ ‘tglme (;ays) - “ N
IR + MA adapté du modéle TEMPO. (Pinault et al., 2007)
Effective Rainfall a Landslide
Ecinang displacement rate
Piezometric
level
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Forecasting Landslides Accelerations
iInduced by Meteorological Events

1) optimization of the
model parameters to
minimize the difference
between the estimated
velocity and the
observed velocity
(inversion process)
during a calibration
period

2) prediction of the
velocity using the
FLAME models with
the determined
parameters
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Rainfall « l« Cumulative
(mm) .| 1, displacement
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] — Observed velocity
: velocity 7 —IR Predicted velocity
S (mm/day).« ——MA Predicted velocity
& — IRMA predicted velocity
Super- RMSE
Sauze between good alert threshold “—RMSE Model IR
— statistical threshold: mean + 3 sigma
mUd ﬂOW observed o3r -- -statistical threshold: mean + 1 sigma
Velocity o —distribution threshold: inflexion point
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predicted °*
velocity | M
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Fluidization events
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Calibration: optimization of the model ~ MA! parameters h, d, n IR: parameters of the IR
parameters to minimize the difference (viscosity), @ (friction angle), ... function T, D, L

between the estimated velocity and the
observed velocity (inversion process)

I'(t) = exp (—111(2) (%) 2) cexp (_tlnizj)

o o TN Ireservoir type
Criteria for optimization: W\

1 < O: observed velocity
RMSE = |—. Z(O(n) _M())®>  M:modeled velocity
N =i N: number of observations

.
o
T

Calibration

Progetto Interreg V-A Alcotra Italia-Francia n°1573 PRESENTATION DE L’OUTIL FLAME A D - VI TA }5 : %

Prediction of the velocity using the FLAME
models (MA, IR, IRMA) with the determined
parameters

Observed
velocity (mm)
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Precipitations

T >y &' rain

Rain Snowpack
: T < T meltin
T > T melting / \ g
Snow melt Snowpack
snow melt = snow melt =0

a(T(t)-T melting)

NB: on this slide T=temperature, with Train and Tmelting, threhold values to form
snow and melt snow, respectively. On other slides, T is parameter of IR model
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B Figure 1: FLAME =R EER

FLAME
Forecasting Landslide Acceleration induced by Meteorological Events
Choix du fichier .txt contenant les données GNSS Parameétres d'inversion
Farcounr ': Note: les paramétres T, D et L sont en jours. Les valeurs

doivent &tre cohérentes avec les observations de temps de

® i nve rS i O n CO nj O i n te d e S Choix du fichier .xlsx contenant les données météorologiques réponses du glissement étudié

, Parcourir M T 3 T2 3 alfa 0.8
d O n n e eS d e 2 Ca te u rS d e Note: le fichier .xIsx doit contenir respectivement la date T T If
(format:'dd/mmiyyyy"), la température (°C) et la pluviométrie HERS 80 LER 80 alfamax | pggg
d yd I t () SEE O EES R 220 T min 0 T2 min 0 alfa min 005
e p ace I I l e n Parameétres lissage Parameétres modéle neige
L 3 L2 3 coeff 02

¢ d é b Ut d , U n e | n te rfa Ce k_max 30 € 0.54 Enax 60 LZmax | g coeffmax |

ora saut 10 Tc 02 L min 0 L2 min 0 coeffmin | 4
utl I ISate u r Pas de lissage 1 Ted 4

Tc2 04 D 3 D2 3 gamma 01

D max 150 D2 max 150 gammamax | (gg

Seuil RMSE 0.09 D min 0 D2 min 0 gammamin | g5

Note: le RMSE est défini en mmijrs
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