
Figure 1: Expected change in landslide ac-
tivity based on the change in temperature 
and precipitation according to global climate 
model. From Gariano and Guzzetti, 2016.

Figure 4. Log-binnedprobability density estimates of rainfall parameters (blue solid curves) and total 
landslide volume (orange dashed  curves), for A: Rainfall totals; B: Rainfall duration; C: Mean rainfall 
intensity; and D: Maximum intensity. Vertical lines and gray boxes are means and error bars of ± 2s 
(based on multiple bin widths) of rainfall parameters that were most frequent (blue), and associated 
with the highest total landslide volumes in the study period (orange). Black circles outline rainfall pa-
rameter values most frequently associated with landslide reports. Bubble size is scaled to total land-
slide volume per bin; bubble brightness represents percentage of tropical cyclones out of total number 
of landslide-rainfall events; darker tones indicate higher fractions. Black arrows span range of 1-in-
50-yr rainfall events computed for Abashiri and Owase stations (Fig. 1B), and represent regions of the 
lowest and highest heavy rainfall frequencies in Japan, respectively.
From Saito et al., 2014.

Figure 2: A) Sketch of the 
effects of rainfall on the soil 
pore pressure distribution. 
B) Safety factor equation for 
an infinite slope stability 
model, describing the ratio 
of resisting stresses (i.e. 
friction tan φ’, cohesion c’) 
over stresses driving to fail-
ure (basal shear, pore pres-
sure ψ). The variable are 
presented in the sketch 
below.
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In mountainous region, landslides are an important source of damage and fatalities (Petley, 
2012).
Landsliding correlates with extreme rainfall events (Kirschbaum et al., 2010) and may in-
crease with climate change (Gariano and Guzzetti, 2016, Fig 1).

Still, how precipitation drives landsliding is poorly understood quantitatively.

Mechanistic models coupling water infiltration to slope stability exist (Iverson, 2000, Fig 2), 
but are not yet operational because of the difficulty to constrain key parameters.

An alternative is to constrain empirically the relation between rainfall and landslide metrics.
This requires simultaneous characterization of rainfall and landsliding for a large number 
of rainfall events, at sufficiently high spatio-temporal resolution.

Combining recent satellite dataset is a plausible way to address these issues.
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RAINFALL UNCERTAINTY AND ACCURACY

Propagating uncertainties of satellite measurements (Fig 6) and evaluating the need for finer scale and 
in-situ rainfall constraints (i.e., radar measurements) (Fig 8).

AUTOMATIC DELINEATION OF LANDSLIDES

Automatic mapping algorithms exist (Stumpf et al., 2014, Fig 7A) but 
are often affected by amalgamation, that is the merging of multiple 
landslides into a single polygon ( Fig 7C). This leads to important 
errors in the estimation of the volume, number and other statistics of 
the landslide inventory (Marc and Hovius 2015) and need to be 
avoided.

Figure 7: a) Geoeye-1 image (01/20/2011) of the Serrana Mountains in 
Brazil after heavy rainfall of January 2011. Red polygons represent land-
slide automatically detected, while yellow polygons were not detected by 
the algorithm but identified by expert mappers. c) zoom on the delineation 
of a group of landslide made by an expert mapper.
From Stumpf et al., 2014.

Figure 8: Rain rate estimated from a ground based weather radar at the original spatial resolution (LEFT) and resampled at 
the spatial resolution obtained by the radiometer from the AMSR2 satellite (CENTER) compared with rain rate estimate 
based on the AMSR2 measurements (RIGTH).

For both datasets the satellite approach allows to gather and compare landslide events trig-
gered by rainfall worldwide. 
Initial target areas include: Taiwan, Japan, Brasil, Haiti, the French Alps, New Zealand.

Figure 6: UP: Maps of 1-degree rain accumulations for TAPEER-BRAIN algorithm. DOWN: Corresponding maps of TAPEER-
BRAIN sampling errors. From Chambon et al., 2012.

RAINFALL
Primary: Standard satellite products: 
I-merg ; TMPA_3B42 ; TAPEER (Fig 6) ;
High temporal resolution; Low spatial resolution 
(~0.1° to 0.25°) = catchment scale.

--> Daily accumulation, Hourly intensity, event 
duration, antecedent rainfall history.

Secondary: Rain gauges and weather radar 
measurement.

LANDSLIDE
Primary: Multispectral satellite imagery:
Sentinel-2 (10m resolution, 5 days revisit) ; 
Landsat 8 (15m, 15 days), SPOT-archive.

--> Comprehensive landslide inventories (Fig 
7A) .

Secondary: Landslide inventories and char-
acteristics from field investigation.
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Figure 3: Mean rain in-
tensity and rain duration 
of rainfall events associ-
ated with landslides. 
From Guzzetti et al., 
2008.

Most studies focus on rainfall thresholds: i.e., they determine for 
which rainfall intensity and rainfall duration landslides initiate in a 
given region (Fig 3). 

However, very little studies have quantified the scaling of landslide 
statistical characteristics of a landsliding macro-event (such as total 
volume, total area or landslide size distribution characteristics) 
with the rainfall characteristics of a precipitation event (such as total 
precipitation or mean intensity).

Saito et al., 2014, studied the rainfall characteristics associated with 
individual landslide volume in Japan (Fig 4). 

Limitations: the impact of the rainfall event at the regional scale 
was not studied. 

Marc et al., 2015, found an exponential increase of the total land-
slide volume occuring in a catchment in Taiwan against the total pre-
cipitation proxy (Fig 5).

Limitations: 1) total rainfall from hydrograph filtering, without 
information on the absolute rainfall total or the rainfall intensity; 
2) Most landslide maps are the result of several rainfall events 
that occurred before the satellite revisit (2 to ~30 weeks). 

Figure 5: Total land-
slide volume against 
the total precipitation 
derived from hydro-
graph filtering. The 
landslide were mapped 
in a catchment of 
1340m² in Taiwan. 
Each dot represent a 
time interval ranging 
from 2 to ~30 weeks 
set by satellite imagery 
availability.
From Marc et al., 2015.


