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Operational Landslide Warning System in Japan

Prefectural government and meteorological observatory (JMA) cooperated to issue
early warning information in 2006 using Ground Radar and RBFN methodology.

@ ) Y
( Prefectural 1 Local meteorological
government observatory
\ 4
-Surveying landslide hazard area - Rainfall observation
-Setting rainfall criteria for giving - Providing meteorological
an early warning information through medias
Sediment disaster warning Information report RIBF T HEERIGR HOME 1‘;2 tﬁﬁ%‘?ﬁ "%’&N =g
Time Da,t\‘e‘;MguthNear 2014598168 05:50
[Warning area(s)] o‘j’s Landslide Risk 05:50 Q| . A
Acity, B city, C town, D village o ... : &b 7 TRAHERAE
@ & distribution &7 B TMEE
[Relegse of warning area(s)] i g o a 5 B ;gégﬁ
= e g g > = TRAESAMEIAMT
il . S ® T Form mEmLTER
.......................................... “ g ;iia BERLFREERETAR
7 a: Y 5 o8 amucy. G253
: > Warnings / Advisories
Y
4 Q o ¥ A&
(4 2 ~ 05:53
E § g ,}??.‘ ¢ =Sg€r
: gld o B o 23
i = : 5 ] ‘ ?/,,-‘ A S0
B Wamning area(s) ‘ ne % 1 % g é's
| Release of warning area(s) ———— 5 3 o D ¢ ¢ ”.I (mm)
// High precipitation area (over 30mm/h) LUL3 | MURTEBER(*1) %3 = 7 50 Y 60N MEeE
> Movement direction High precipitation area L2 lmm‘!m % ”'_’,:A,
LAl 2SR RS 1) B ™7/ Precipitation ©




Methodology in the Philippines
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GSMaP Application to Landslide Warning
System (GLAWS)

GSMaP rainfall archives are analyzed by a machine learning method (RBFN), and
critical lines (CLs) of hourly rainfall and soil moisture index (SMI) are selected.
The system monitors rainfall in real-time and determines the landslide warning level.
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Landslide Warning System
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Landslide Early Warning Prototype System (Albay)
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Landslide Early Warning Prototype System (Rizal)
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Rizal Pilot Study — Training and Calibration

A local calibration and training on the use of WEB-based Landslide Warning System
(GLAWS) was conducted in Antipolo City (Barrangay-Level) and Rizal Province (Municipal
Level) together with National DRR agencies (MGB,PAGASA,PHIVOLCS).




Trial use of warning information through case study
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Landslide Warning System for Deep-
seated Landslides




Modelling Failures for Deep-seated Landslides
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Nagyubuyuban, San Fernando City, La Union. Slope stability analysis for
the saturated condition showing all surfaces with factors of safety less than
1.0. Factor of safety is 0.554.



Mapping of active fissures for monitoring
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Creeping evidence of fissures
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(A) Stability analysis of the slope in Nagyubuyuban, San Fernando.
(B) Generated contours from the digital terrain model of the site in Brgy.
Parasanon, Pinabacdao, Samar.

(C) Features and exposure map of the site in Poblacion 1, San Jorge, Samar




Landslide features, and exposure map
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Head of Household Numbes:othotsehold
members
1 A. Caldito 4
2 N. Dela Cruz 6
3 M.A. Eraldo 6
4 S. Arroyo 1
5 A. Monforte 1
6 0. Oresco 5
7 M. Oresco 8
8 S. Molina 1
9 Rod. Oresco 9
10 E. Molina 2
11 E. Perez 2
12 Rol. Oresco 9
13 E. Ibanez 6
Population 60
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Updated as of February 2016

Sitio Sambag, Brgy. Inabasan, Maasin, Iloilo




Schematic diagram of sensor system and
field deployment




Manufacturing of Tilt and Moisture Sensor
1 set of sensors per meter

Moisture Sensor

Tilt Sensor




Manufacturing of refined landslide sensor
system: Electronics




50 Sites with Landslide Sensors and Automatic Weather Stations

Brgy. Lipanto, AWS Brgy. Bolodbolod AWS Brgy. Boloc Sensor
Installation Installation Maintenance




50 Sites with End to End
Warning System

®» Tilt & Moisture Sensors

» Automatic Weather
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| Early warning protocol
» Alerf levels

Current operational triggers
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ALERT LEVEL MESSAGES
AND RECOMMENDED RESPONSES
FOR LANDSLIDES

8 L3

DOST - PHIVOLCS DEWS-L PROGRAM

ALERT

LEVEL DESCRIPTION

RECOMMENDED
RESPONSE FOR
LGU/LLMC

RECOMMENDED
RESPONSE FOR
THE COMMUNITY

_ Last24 hours? _ Last24 hours?
_~ AL-RED AQ ND-RIED -~ / ND d' ?
INTERNAL ALERTS
initiate A1; initiate A1; Initiate A2; Initiate A3;
validity period validity period validity period validity period
upto 24 hours upto 24 hours upto 24 hours upto 48 hours
from last R/E/D from last L2 from last L3

from last R/E/D

DU

iy
&

® @

;

No significant
ground
movement

Significant
ground
movement
observed in the
last 24 hours

ground
¢ >nt
ved in the
last 48 hours:
landslide may be
imminent

Proceed with routine
patelalifeliigle

Prepare to evacuate
he households
at risk

If conditions are safe,
monitor every 4 hours

Evacuate the
households at risk

Proceed with
daily activities

Prepare fo
evacuate

Evacuate

The Philippine Institute of Volcanology and Seismology (PHIVOLCS) is the implementing agency of the DEWS-L Program.

PHIVOLCS Building, C. P. Garcia Avenue, UP Campus, Diliman, Quezon City 1101
Tel. Nos.: 426-1468 to 79 lec 129 or 920-7058

February 2016




Monitoring and early warning thresholds
| Preliminary thresholds : Rainfall
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Monitoring and early warning thresholds

1 Preliminary thresholds:
1 Landslide movement: Tilt data from borehole sensors
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Monitoring and early warning thresholds

1 Preliminary thresholds:
1 Landslide movement: Crack displacements at the surface
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Monitoring and early warning thresholds

1 Preliminary thresholds
» Farthquake
» Magnifude, epicentral distance
from PHIVOLCS SOEPD
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Monitoring and early warning thresholds

o ]
D Ear I y W a.r n | n g p rOtO C O’l‘iggrrr Sym-  Deseription Threshold
. . bol
- Operdhondl Trlggel b RO No l;l.lul.-ill{h*-lI[Lr.qt'l'iug - nne J-<clay cumulative
Rainfall : '
raninfall event detect e rainfall values are below
t hreshold conditions (see
K1, below)
K1 Recent rainfall may trigeer  1<day eumulative rainfall
landslicle > 4z of 2-year maximwn
caily rainfall; OR 3day
cumulative rainfall > 2-vear
maximum daily rainfall
Barthiciinks El N“j lnndshide-trigeering Earthquake magnitude
eart hquake event detected epicentral distance plots
above the critical line of
Delgado et al. (2011)
El Recent earthouake may Earthoguake magnitude
trigeer landslide epicentral distance plots
below the critical line of
Delpado et al, (2011)
Ov-demand Do No monitoring requests by  n/a
"1“"““""1}% LGU and commumity
recpest Dl Momitoring requested by n/a
LGU or community due to
rainfall, earthguake or other
land slid e related
olservations
Lo No significant movement Velodty < 5mmfay
Landslide L2 Significant movement Velonty
moverment > 5y, leq 50Ty
L3 Critical movement Velodty = 509/ day

Table 5.1. ].h'_-q'ripliuu and threshold details of u;n'nnll'.uuil.i triggers usod in the Protoool

DEWS-L




Monitoring and early warning thresholds

Extremely Very : Very Extremely
D P I . . t h h I d slow slow Slow Moderate Rapid rapid rapid
re I I nary reS O S 5x 107 5x10° 5x10° 5x 107 5x 10! 5x% 10°
5 mm/s mm/s mm/s mm/s mm/s mm/s
» | andslide movement )
Hourly rates | . mm/h cmih mih . i
s : s : Landslide velocity
. 0 4 43.3 43.2 g .
Daily rates mm/d mm/d cm/d mid classification
H H H H (lUGS-WGL, 1995)
0 31 3 302
Mbekiy tatee mm/wk cm/wk miwk miwk
x «>ri e
8.5-10cm/day — ] 1000 mm/d —
collapse s-m:zdahycurs H— _ \--_ immediately prior to collapse
(Ryan and Call, 1992) (Sullivan, 1993)
NIL Maintenance Evacuate NIL
Human response
(Cruden and Varnes, 1996)
mf’u’d - SENSOR-BASED VELOCITY
0.5 4A-hour
DEWS'L cm - displacement
Protocol 05 1-day
cm displacement COMMUNITY-BASED
H H MEASUREMENTS
15 3-day
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3 ” 1-Week
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Continue with Prepare to
daily activities evacuate




Some monitoring event

Immuli, Pidigan, Abra

Immuli Event Timeline from 2016-08-15 00:00 to 2016-08-18 23:30
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PRIMER ON THE LANDSLIDE-RELATED EVACUATION
OF UPPER and LOWER MESOLONG COMMUNITIES IN BARANGAY STO. NINO, TALAINGOD,
DAVADO DEL NORTE

20 Ociober 2015

What happened af Upper and Lower Wesoiong?

A pre-emplive evacaion of 188 bmikes fom Sisos Upper Mesobng and Lower Mesalong in Brangay Sio
Hifio was ordered by the Munopa Dester Rsk Reducion and Management Office (WDRAMO) of Talaingod on
Seember 15, 2015, The MORRMD responded ta alandside $real besed an smdformaSon fom PHWVOLCS. Ressdenis
siayed atl e evacerion center for abowt one 1o o weeis; the Upper Mesolong resden's retuned o ther homes on
Seplember 21, and thaose from Lower Mesolbng on September 30

The iocal landefide maoniftoring commilies LLAMC) provided measurements. of monitored cracks in Upper and
Lower Masdlong. PHMNOLCS suded tfhese infoamation and forsamded the dleds and recommended responses. o the
LGUs and LLMC for sheir aclons. The table beiow summarices fhe aleris and responses before, during. and afer the

Issuance of Warning to Stake Holders

REPUBLIC OF THE PHILIPPINES
DEPARTMENT OF SCIENCE AND TECHNOLOGY
PHILIPPINE INSTITUTE OF VOLCANOLOGY AND SEISMOLOGY
PHIVOLCS Bldg., C P. Garcia Ave., University of the Philippines Campus, Diliman, Quezon City
Tels. (+632) 426-1468 to 79 loc 112, 129; (+632) 926-2611, (+632) 920-7058
Fax: (+632) 929-8366
Website: www.phivolcs.dost.gov.ph

PHIVOLCS DOST

DEWS-L PROGRAM LANDSLIDE ALERT LEVEL INFORMATION: PUG-2017-039

Location: Sitio Longlong, Brgy. Puguis, La Trinidad, Benguet

Date/Time 30 May 2017, 08:00 PM

Alert Level Released: A1 (Recent rainfall may trigger landslides), valid until 31 May 2017,
12:00 MN

Recommended Response: Prepare to assist households at risk in responding to higher alerts (A2
or A3).

evacutinn
Silio Diate PHMNMOLCS information Achml kecal res ponse
| Lorwer Sep 14 sgnificant ground maovement, maniarmyg by LLMCLGU
e salion Al Pepame o evacuaie fe polensaly
q allected households.
Sap 15-30 | oriical ground mavement; Pre-ampive avacusion aderad at 1080 Sep 15
A2; Evacuate e potentaly afSeciad by MORRMO; monitanng by LLMCAGU
househoids.
Sep X0 o sagnificant ground maovemer; MORRMO aloss Lower Mesdong community io
A, Procead with daly aciviies refum 1o fhar homes:; manitoring by LLMCALGU
Upper Sep 15 o sagnifican! ground mavement ; Pre-ampive evacusion ocdered at 1080 Sep 15
Mesalon AlY; Pryosed with dady acivies oy MOARMO
:
Sep 18-21 | signiicant ground movement, {community aimady al evacuaton center)
ATPD-L); Pepae o svacuaie e
patertaly afiected hamaholds
Sep 21- o significan! ground mavement; MORAMO alows Upper Mesdong communty o
Oat i AD; Procsad with daly acivifies refum io far homes on Sep 21 manianing by

LLMOILGU

Why was therean evacuation of e residents 7

There = an agresmen amang PHAOLCS, fhe LEUs of Sia. Nina, Talangod, and Davao del Narte, and the
madents of Upper and Lower Mesolong 1o test and implement a landsfide early waming systern in the fwo si%os of Sio
Mina. The evacualion and assocated eady waming acivites are pari of the mplementaion of his system

AREA SITUATION:
RAINFALL

Accumulated rainfall exceeded threshold values last 27 May 2017, 04:30 PM. Most recent re-trigger/s
occurred on 29 May 2017, 11:30 PM, 29 May 2017, 05:00 PM, 29 May 2017, 03:30 PM.
Detail: 3-day cumulative rainfall (194.15 mm) exceeded threshold (193.39 mm)

GROUND MOVEMENT

No significant ground movement detected.
HOUSEHOLDS AT RISK

At least 50 households, Pico-Lamtang Road

OTHER RECOMMENDATIONS:
For the Landslide Early Warning Committee (LEWC): If conditions are safe, monitor the site daily at 7:30 AM,
11:30 AM and 3:30 PM; report new ground data on 31 May 2017, 7:30 AM.

For the Community: Prepare to respond to higher alerts (A2 or A3). Report landslide-related changes observed
in the surroundings to the LEWC/LGU.

NOTE: This Bulletin contains the official Alert Level and Recommended Response of the DEWS-L Program for
Brgy. Puguis and will hold true until a new bulletin is released.

Please proceed to the links Landslide Alert Level Based on Ground Movement and Alert Levels and
Recommended Responses for references.

Next bulletin on: 31 May 2017, 12:00 MN
Prepared by: MV, MN




DEWS-Landslide Monitoring Dashboard
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Latest Site Alerts
Site Initial Trigger Latest Re-trigger Internal
Name Timestamp Timestamp Alert
Cudog 16 July 2016 17 July 2016 Al1-R

23:30:00 19:30:00

Sites Under 3-Day Extended Monitoring

Site Name End of Previous Alert Validity
Boloc 18 July 2016, 08:00:00
Gaas 18 July 2016, 08:00:00

1¢

Monitoring Start
19 July 2016, 12:00:(

19 July 2016, 12:00:(



» Thank you




