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Why is Landslide Prediction Necessary?

Emergency Response Coordination Centre (ERCC) - DG ECHO Daily Map | 22/02/2021

Global overview of landslides with fatalities (1 August - 31 December 2020) - ||

ARCTIC OCEeN_

—
=% NEPAL!
45 Districts
1 Aug - 31 Dec
o
T 136
N2/
297*
= NORWAY /T\
S Eastern Norway Region “Families
Dec
“% 10 e |
T PHILIPPINES
e/ 1.010 Cebu Province
ATLANTIC /T\ > 21 Dec

OCEAN

°ri~ 10

NORTH PACIFIC
ITALY OCEAN
2, Lombardy Region
» 12 Aug INDONESIA
EL SALVADOR °fls 3 North Ka/inéarétan Province
San Salvador Department e ol ep
29 Oct 'H\ 180 'H‘ 11
oL PALEN
'l‘ 42 N
PAKISTAN JT. 170
Gilgit-Baltistan Region e —
INDIA -3
h 16 Kerala State o\
) l L) o R SL;:;\H
g2 L, I . -
4t A °T 70 PACIFIC !
ATLANTIC & + QEESN S 4
OCEAN 3 . . " \
COLOMBIA ey PAPUA NEW GUINEA
SouTit Antioquia Department : Central Province
23 Nov
PACIFIC Y Dec
OCEAN 718 °f 13 ;
B U S| k
f’.’c/
350 MOST AFFECTED COUNTRIES AND CUMULATIVE FATALITIES PER CONTINENT (JAN-DEC 2020)
300
| GLOBAL LANDSLIDE HAZARD HUMANITARIAN IMPACT 250 ASIAO_
i Aug-DEc 2020 i 607 °f
Very low L
. @ Fatalities? f‘—.’. 200
L =
o N/ o 150
Medium ’H" Affected people © ME
- ) i\ w 100 A 7R51CA AFRICA
- High Source: CRED EM-DAT, ‘Government of Nepal 43 ¢
2 Only landslides with 3 or more fatalities are 50 35 EUROPE
Source: World Bank displayed on the map l 13
Add‘;'tiongl glgkgle covgrgiell;vs o significant landsliﬁes St na\;e Eb;ég 0 - - - —_ = - ] o - —
produced as H aily Map on 23 Oct 2020, all available on the
Daily Map Portal. eQ'b\ (\((@( S(\b\a \‘}’bo (‘e’e\o \Qé’ (j\éo ,bbé 6‘@0 QG:‘° \OQ\'D 4(}(0 \(\Q”b <.x\’s‘ \K?\*
EM-DAT data is non exhaustive; cli i ¥ by L Q'?}' \(\50 Q\Q\QQ ‘77,\“ o°\° & 65* q\e“ N
23
© European Union, 2021. Map produced by the JRC. The boundaries and 3 @ (4°" ’oee,
the names shown on this map do not imply official endorsement or Q°
acceptance by the European Union. <?

(European Commission’s Directorate-General for European Civil Protection and Humanitarian Aid Operations, 2022)



Why is Landslide Prediction Necessary?

§oN. OFFICE OF CIVIL DEFENSE ™
“"DAVAO REGION ; T

y »
2 - 5
‘A’ %

Philippines, February 2024




Why is Landslide Prediction Necessary’)

Puerto Rico, Hurricane Marla September 2017




Why Is Landslide Prediction Necessary?

}

Berkeley Hills, January 2023



?

Necessary

10N

ICT

de Pred

Landsli

IS

Why

Puerto Rico, Hurricane Fiona, November 2022



Why is Landslide Prediction Necessary?

.

y{'S‘ca e Léndslldes Resilience!

/7
F /e
/

1 &

Ve

Hokkaldo Japan September 2018




Hurricane
QT —

Hurricane Maria
SATELLITE
6:53‘AM ! -"//' v

SanjJuan

Hurricane Maria, Puerto Rico (2017)

Earthquake

o, B ereg @ salys, Borisa @ sogruuites, CMERLAMIo O, L0, USSR, A wsdfD,
s OR Ut Custvastly

Shale map in Levkada (2015)

Cascading Hazards
Flood

s

Southern California Landslides (2024)

Debris Flow

Zurich, Switzerland Debris Flows (2017)

Landslide Runout

West Salt Creek Landslide (2014)




Research Vision

Field and

Continuous

Monitoring Satellites Geophysics Laboratory

Testing

|
|
!
e o o o =S = e e e e e e e e N e o e e e e e e mm ey mm e mm o = o o = o _—— = -

Data Integration
Surface and Subsurface Data:
* Precipitation Time Histories
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Our Model: CRISIS (Coupled Regional Rainfall-Induced and
Seismic Slope Instability Simulations)
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Hydrological Model: ParFlow
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Z 440 44
¢
V A Evaporation
Y

Vegetation

Overland

e Land
_ Wetting l P
g Surface
Front BB - Vadose Zone
Vs
i
Water [ | Saturated Zone
Table
Subsurface
Lateral Flow y
—_—
Infiltration z ﬁ

(Kollet and Maxwell, 2008)

3D  subsurface  groundwater
flow: 3D Richard’s Equation
Flow in both the saturated and
vadose zones

Transient Flow

Precipitation time history
Overland Flow

Land surface Processes:
precipitation and
evapotranspiration

Hydrogeological modeling of the
initial  water  table level:
“Spinup” simulation

Pore pressure heads that vary
spatially, temporally, and in-
depth
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Pseudo-3D Slope Stability Approach

(@) 1D Infinite Slope Stability Analysis (b) Geometric Projection to form 3D Landslides

Extended Cells

Triggering Cell

_ tan(¢") N ¢’ —Y(z,t) yytan(¢’)

Fs(zt) = tan(B) y zsin(f) cos(B) (Gong et al. 2023)

Y(z,t) is the pressure head at a certain time and depth,
that accounts for suction

(Duncan et al., 2014)

12



Our Model: CRISIS (Coupled Regional Rainfall-Induced and
Seismic Slope Instability Simulations)

-
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Hurricane Maria, Puerto Rico, September 2017
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Study Area: A Watershed in Utuado, Puerto Rico
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Hurricane Maria Event
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Model Input Parameters

Input Parameter Value

Saturated hydraulic conductivity (k;) Variable
Hydraulic conductivity tensor Isotropic
Specific storage 1e-05 m

Porosity (n) 0.4

Van Genuchten a 1.0

Van Genuchten N 1.5

Saturated volumetric water content (6y) 0.45

Residual volumetric water content (6,.) 0.1

Manning’s coefficient 5.6e-05 hr/m1/3

Constant recharge for the “spinup” ParFlow simulation 1e-08 m/s

IGBP vegetation class

2 (Evergreen broadleaf forests)

Rainfall dataset

NCEP Stage IV hourly rainfall rates

Cohesion (c¢") Variable
Friction angle (¢") Variable
Saturated soil unit weight (y) 22 KN/m3

Many parameters; Not all equally important; Sensitivity analysis conducted subsequently.
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Initial Conditions:

(1) Classical Bottom-up Failure

Initial ground
water table

Positive pore water
-~ pressure below the
water table
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Amid Storm:

(1) Classical Bottom-up Failure

Rainfall

Rising water table

Increase in the positive
- pressures below the
water table
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Failure:

(1) Classical Bottom-up Failure

Rainfall

Rising water table

Failure plane

Failing ’

material

Increase in the positive
- pressures below the
water table
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Did the water table rise all the way to the ridge top to trigger
this landslide?
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(2) Top-down Failure Mechanism: Wetting Front

Initial Conditions:

\ Ground surface

Negative pressures
above the water table
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(2) Top-down Failure Mechanism: Wetting Front

Rainfall

Amid Rainfall:

\ Ground surface

Decrease in
negative pressures

Formation of a
wetting front
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(2) Top-down Failure Mechanism: Wetting Front

_ Positive pressures above
Rainfall the wetting front as it

Amid Rainfall: continues to drop

\ Ground surface

W

Drop of the
wetting front
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(2) Top-down Failure Mechanism: Wetting Front

_ Positive pressures above
Rainfall the wetting front as it
Failure: continues to drop

Ground surface

Failure plane

Drop of the
wetting front

Failing ’Sk

material
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(3) Water Exfiltration from Highly Fractured Bedrock

Initial Conditions:

\ __ Ground surface

Negative pressures
above the water table
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(3) Water Exfiltration from Highly Fractured Bedrock

Positive pressures
at the soil-bedrock

. W interface

\

Amid Rainfall: Rainfall

Ground surface

Bedrock
i) / Fractures
= 2= -
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(3) Water Exfiltration from Highly Fractured Bedrock

Positive pressures
at the soil-bedrock

. W interface
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Failure: Rainfall

Ground surface
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Which Faillure Mechanism Dominates?

Geomorphic Position Ground Shear Strength Storm Characteristics
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Spatial Distribution of Predicted Landslides over Time

09/19/2017 at 12:00 a.m.  09/19/2017 at 10:00 p.m.  09/20/2017 at 03:00 a.m. : ’
) i | . i A i Flow Accumulation Area (m?)

4 __

0 9020

Predicted Landslides

¢’ =20 kPa, ¢’=37°
k decreasing with depth
starting at 3e-06 m/sec at the
surface

0 10Meters ‘ 0 10Meters

00/20/2017 at 06:00 a.m.  09/20/2017 at 11:00 a.m.  09/22/2017 at 12:00 a.m.

0 10Meters

« Bottom-up failures are
triggered first near the
valley bottoms.

* When all bottom-up failures
are triggered, top-down
failures are triggered.
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Example at Valley Bottom: Bottom-up Failure
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Example at Ridge Top: Top-down Failure-Wetting Front
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Example of Water Exfiltration from Fractured Bedrock
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Water Exfiltration from Fractured Bedrock

/ / r/f' ,// . .
// /////// ??// ’,/’// /7

s\ thick soil

(Johnson and Sitar, 1990)
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Conclusions

 Different failure mechanisms can be triggered across the topography, influenced by
slope geomorphic positions, shear strength, subsurface soil types, soil thickness, and
bedrock properties.

* Regional scale landslide modeling is crucial for enhancing the community
resilience.

« Advanced mechanistic regional predictive models can be computationally
demanding.

« Understanding the importance of each of the model’s input parameters/features is
Important to avoid compromises that can impact the validity of the predictions.
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