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Philippine meteorologic setting

Actual tropical cyclone tracks for the period 1948-2005
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Philippine meteorologic setting
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Philipie tectonic setting
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Impact of disasters in the Philippines

and s
L]

Storms Floods Landslides Quakes Volcanic Others
- Total
Number of
Affected
Damage in

Data Source: Emergency Events Database (emdat.be)



Impact of disasters in the Philippines

1911-2018

DROUGHT
$148,852,000.00

@
VOLCANIC :
ACTIVITY

$235,525,000.00

INSECT
e... T .......a INFESTATION
$603,516,000.00 e i $925,000.00

$3,811,363,000.00

STORM
$21,511,787,920.00 GRAND TOTAL

Emergency Events Database (EM-DAT)-Centre for
Research on the Epidemiology of Disasters (CRED),
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Climate change

2020
Medium-range Emission Scenario
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Climate change and landslides

* Climate change impacts sediment processes:
changes in temperatures, intensity and frequency
of rain events, and sea levels

* Unequivocal: Eart

* Undisputable: Sta
slopes is affected

N 1S warming up
oility of natural and engineered

oy climate changes

* Less clear: type, extent, magnitude and direction
of the changes, location, abundance, activity and
frequency of landslides in response to CC
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Methods
e Consolidate a landslides database

e Utilize projected future scenarios (as simulated by
Regional Climate Models (RCM))

 Combine rainfall-landslide threshold estimates with
regionally downscaled climate change projections

* Estimate changes in frequency of events




Study area: Southern Tagalog + Bicol
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I-D Thresholds
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10 100
Duration, hours

I =c+ aDB

I = average rainfall
intensity (mm/h)

D = duration (h) from
the

beginning of a rainfall
event to landslide
occurrence

(Negri et al, 2005)



Application for
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I-D thresholds in the Philippines

Deposit type
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Duration, hours

I =c+ aDB

I = average rainfall
intensity (mm/h)

D = duration (h) from
the

beginning of a rainfall
event to landslide
occurrence

(Negri et al, 2005)



Crd-s_o,u;cing /Citizen Science

INFO FROM PORTAL IS UPLOADED TO

PROJECT LIGTAS

Citizen Science In Action DATABASE AND SENTTO EMAILFOR Lancide Reportsubmison 5

Zaventories fe REDUNDANCY .
Inventories for
Geohazards preparedness o Sllh.!“'“'o@nm-i\-cvm ac0e s f
and

S Timely

= s : Why i this messagenspam 15 siilr to messagestat were et 2 spam i hepas.
Advisories in the d 884 I T 11 il o messages thet were enified 4 spam i he

Philippines

Report ot pam

Name; Gastani Gustave
- Estimated Location: Unnamed Road, City of Naga, Cebu, Philippines
Landslide Location Latitude: 10°1146.29°N
" OR u a1 e I the larouce Longitude: 123°44'36,38°€
"o Province:
» DATABASE
Barangay:

Report

Time: 800: AM

Date: September 20,2018 rece ived Vi a
email

Landslide location details
1 Province.

2 Gty / Municroaity

wRegly W Foard

3 arangay

istide location. (o9, Nearest Landmarks)

Pdrrmo Bataan LA - ¢

2 mutual friends: Mdrrmo Mabini Batangas
and CityofSan Pedro Drrmo

When did the landslicle happened?

Sir ligtas report ko lang para
makatulong sa project; landslide

details: Pilar, Bataan sa Mariveles
@ Barangay ipag (June 14, 2018)
Sample report from
Facebook Account

LIGTAS ONLINE PORTAL |
www.ligtas.uplb.edu.ph BOP®O0&PO o)




00® < 5} ligtas.uplb.edu.ph @] © th (]

Home | Project Ligtas Landslide Report | Project Ligtas | 4

[IGTAS ONLINE PORTAL  PROJECT LIGTAS REPORT FORM
www.ligtas.uplb.edu.ph
WHO?

Reporter's Information * requiren

*Last Name *First Name *Email

Address Sex Contact Number

Select Gender

WHERE?

Landslide Information
Latitude

Longitude

Province Municipality

Select Province

<>

Select City / Municipality

<>

Barangay Sitio



PROJECT LIGTAS
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[ @
20 g]e Kuala Lumpur
Show 10 ¢ entries Search:
ID Latitude Longitude Date Time Location
1 13.5107 123.0319 11/7/1988 0:00 Sta. Rosa del Sur
2 14616158 121.194867 8/3/1999 around 7:30pm Cherry Hills subdivision in Antipolo City, Rizal province,
3 7.256442 126.144589 3/19/2001 Barangay Kingking, Pantukan, Compostella Valley
4  7.864686 126.029094 3/12/2003 Compostella Valley

Palau

Northern
Mariana
Islands

Guam

Map data ©2019 GBRMPA, Google, SK telecom

Event / Trigger
continuous_rain
Typhoon Olga
Rainfall

Rainfall
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Open data

Total Event Landslide Climate
Landslide Date Time Accumulated . Intensity Land Cover . Slope Region
Duration Susceptibility Types
(mm)
1 17 July 2018 4:00 AM 140.80 13 10.83 Shrubs H 18.68 IV-A I
2 13 July 2010 Evening 160.50 24 6.69 Shrubs H 41.16 IV-A Il
3| 2 November 1995 Unknown 225.70 72 3.13 Open Forest H 16.56 IV-A |
4 15 July 2014 Unknown 174.00 24 7.25 Perennial Crop H 16.31 IV-A v
5 23 July 2018 7:30 AM 167.98 27.5 6.11 Grassland H 15.85 IV-A Il
6 8 June 2011 7:00 PM 129.26 A8 2.69 Perennial Crop L 23.59 IV-A I
7 3 March 2016 1:30 PM 186.68 13.5 13.83 Perennial Crop H 12.26 IV-A I
8| 1 November 2017 Evening 177.00 24 7.38 Perennial Crop M 20.23 IV-A Il
9| 1 November 2017 2:30 AM 161.31 17.5 9.22 Perennial Crop M 27.62 IV-A Il
10| 9 Movember 2017 Everning 275.61 21 13.12 Perennial Crop H 35.64 IV-A 1
11| 9 November 2017 Evening 275.61 21 13.12 Perennial Crop H 30.07 IV-A 1
12| 25 October 2012 Unknown 135.95 A8 2.83 Shrubs M 28.8 IV-A 11
13| 12 September 2017 | 3:00 AM 247.10 22 11.23 Perennial Crop H 47.15 IV-A I
14| 12 September 2017 | Evening 133.94 25 5.36 Perennial Crop H 35.64 IV-A I
15| 12 September 2017 | 9:00 AM 218.80 25 8.75 Cultivated M 43.19 IV-A 11
16| 12 September 2017 | Morning 149.90 10 14.99 Shrubs M 39.22 IV-A Il
17| 12 September 2017 | 2:00 AM 71.85 4 17.96 Built Up M 32.41 IV-A |
18| 19 September 2013 | 6:10 AM 89.57 48 1.87 Perennial Crop H 26.5 IV-A I
19| 22 September 2013 | 4:30 PM 185.10 120 1.54 Perennial Crop H 32.82 IV-A I
2| 23 September 2013 | Unknown 112.76 144 0.78 Perennial Crop M 28.73 IV-A I
21| 23 September 2013 | Unknown 267.82 144 1.86 Cultivated M 19.86 IV-A I
22| 23 September 2013 | Unknown 114.05 48 2.38 Built Up M 21.53 IV-A I

GEOCON 2019,

Geoscience for a resilient
and sustainable Philippines
December 4-5, 2019 | Manila Hotel




Rainfall event definitions

« If only daily rainfall data is available:
« Starts when daily rainfall > 7.5mm and above;
 Ends: <7.5 mm for 2 consecutive days

e If hourly rainfall data:
 starts when hourly rainfall > 4mm;
« Ends when hourly rainfall < 4mm over the next 6 consecutive

hours (e.g., Chang et al. 2011)

 Antecedent rainfall (every 24 hrs) starts with > 7.5mm and
above/day.
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Rainfall data

Landslide event locations vs nearest Synoptic
Stations

Number of

Landslide Events
(1999-2018)

Batangas 8
Cavite 8

Laguna 10
Quezon 7
Rizal
TOTAL 37

Geoscience for a resilient
and susialnahle Philippines
December 4-5, 2019 | Manila Hotel
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Rainfall data

Spline: minimizing the overall
curvature
. ®
Natural Neighbor (NN): sets a ® A ' A
certain polygon that will cover
certain points where the Spl
estimation will be associated. pline Natural Neighbor
Kriging: measures certainty or
@
% A A
ing

Legend

accuracy.

Inverse Distance Weighted
(IDW): the closer the values

are to the study area the closer

the value will be assigned to
the location of interest
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Rainfall data
ACCUMULATED TOTAL RAINFALL @anetal. 2015

7 7
R,(t) = R(t) + 2 a'R; = ETR1 + z a'R; = ETR2
i=1 i=1

* R(t) : the amount of the accumulated rainfall at time t in the
considered rainfall event

* R, : the amount of the antecedent i day’s rainfall

* a : a weighting factor and is set to be 0.7

GEOGON 2019 -~ & ~ & @
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Rainfall - landslide relationship

16.00 Average Critical
14.00 Lsmes Critical Duran Intensity Accumul Intensity Accumula
: | =70.89D07° | = 48.19D0 on (hr) (mm/hr) o (mm/hr) ted (mm)
1200 | i° R2=0.69 R2=0.90 (mm)
£ oo 1 70.89 70.89 48.19  48.19
E000 .} 5 19.88 99.40 12.88  64.38
RE 10 1150 11497 729  72.94
= i:8 24 576 13817 356  85.39
goo0 ihe 48 333 159.83 2.02  96.73
2, e 72 242 17403 1.45  104.06
W ne® e 96 1.93 184.87 1.14  109.59
)00 ° f":v. .......... .. 120 1.61 193.74 0.95  114.08
IR Sl T 144 140 20130 0.82 117.89
B 50 100 150 200 250 s0 | 168 1.24  207.92 072  121.20
DURATION (hr)
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intensity (mm/hr)

intensity (mm/hr)
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Rainfall — landslide relationship

Region IV-A
35.00
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Landslide — rainfall thresholds

Lowest thresholds:
Accumulated: 72mm (18mm antecedent + 54mm event rainfall)
Lowest antecedent: 7mm + 143mm event rainfall

Lowest event rainfall: 20mm + 134mm antecedent
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CC projections: Rainfall changes

Table b: Seasonal rainfall change (in %) in 2020 and 2050 under medium-range emission scenario in provinces in Region 4-A

OBSERVED BASELINE (1971-2000) mm |  CHANGE in 2020 (2006-2035) CHANGE in 2050 (2036-2065)
DIF | MAM | JIA SON DIF | MAM | JJA | SON | DIF | MAM | JIA | SON
Region 4-A
BATANGAS | 2310 | 2804 | 8%.5 | 7464 | -299 | -241 | 91 | 05 | -111 | -231 | 172 | 63
CAVITE 1249 | 2428 | 985.7 | 579.0 | -261 | -282 | 131 | 04 | -191 | -305 | 242 | 59
LAGUNA 6292 | 3868 | 8450 | 10665 | -202 | -315 | 29 | 29 | 01 | -348 | 68 | 04
QUEZON 827.7 | 3827 | 6700 | 12293 | 65 | -186 | 29 | 52 | 66 | -206 | 65 | 09
RIZAL 2624 | 2415 | 10013 | 8218 | -131 | -30.7 | 124 | 09 | -115 | -398 | 248 | -08
GEOGON 201 9 =

d ti bl Phil pp
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Rainfall (mm)
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Extreme weather events
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2010
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Extreme weather events

Table c: Frequency of extreme events in 2020 and 2050 under medium-range emission scenario in provinces in Region 4-|

No. of Days w/ Tmax >35 °C No. of Dry Days No. of Days w/ Rainf
Provinces Stations 0BS
(1971-2000) | 2020 2050 OBS | 2020 | 2050 0BS 2020 :
BATANGAS | Ambulong 928 8010 8016 8226 | 60B1 | 6049 6 14 9
CAVITE Sangley 630 1657 2733 7352 | 6635 | 6565 b 9 g
Alabat 53 132 733 6629 | 7025 | 7042 20 58 70
QUEZON Tayabas 22 791 1434 6771 | 4717 | 4668 17 9 12
Casiguran 575 1720 2768 6893 | 4520 | 4887 23 54 57
Infanta 350 378 1112 5903 | 4006 | 4015 22 39 34

Most extreme:
Typhoon: 2009 Ondoy, 556mm (4 days)
Monsoon: 2013 Habagat, 1,120 (5 days)
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Landslide — rainfall thresholds

Lowest thresholds:
Accumulated: 72mm (18mm antecedent + 54mm event rainfall)
Lowest antecedent: 7mm + 143mm event rainfall

Lowest event rainfall: 20mm + 134mm antecedent

LOWER THAN PUBLISHED CC PROJECTION CONSIDERED: 200mm
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Extreme weather events

Quezon extreme rainfall:
1971-2000: 1 every 2 yrs

2020: 1.2 every year (+140%)
2050: 1 every year (+100%)

Quezon:

Database: 21 entries from 2010-2019

2020: ~50 events?
2050: ~40 events?

Hour of .

i . Antecedent | Event Rainfall | Total Accumulated

Date Time Location Antecedent .
. Rainfall (mml (mm) (mm)
- 7T Rainfall |« -

2 November 1995 Unknown |Brgy. Tumayan, Gumaca, Quezon 72 225.6961 - 2325.70
13 July 2010 Evening |[Mount Banahaw, Lucban, Quezon 24 160.5 - 160.50
4 December 2011 1:00 PM |Brgy. Agos-Agos, Infanta, Quezon 48 216.328 - 216.33
15 July 2014 Unknown |Brgy. Hagakhakin, Gumaca, Quezon 24 174 - 174.00
16 December 2015 12:00 MN |Brgy. Magsaysay, Infanta, Quezon 72 191.7916 - 191.79
19 December 2015 5:00 PM  |Brgy. Tanuan, Real, Quezon 144 261.0355188 - 261.04
3 March 2016 1:30PM  |Brpy. Cagsiay |, Mauban, Quezon 48 157.675 29 186.68
12 September 2017 9:00 AM  |Lucena City, Quezon 24 9.8 209 218.80
12 September 2017 3:00 AM |Atimonan, Quezon 24 16.1 231 247.10
1 November 2017 Evening |Maharlika Highway, Plaridel, Quezon 177 177.00
30 December 20138 Unknown |Brgy. Cagsiay Il, Mauban, Quezon 72 234.612 - 234.61
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Land cover chang
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Land cover changes

2015 Land Cover 2010 Land Cover _

Built Up Other  Forest Water Grand Total Percent
Vegetation Change
(%)

Built Up [EXeY{0] 1,397 158 1 5,625 38
15 13,944 944 - 14,903 (11)
Vegetation
3 1,377 5,361 | 6,741 4
4,087 16,719 6,463 142 27.411
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Climate change and landslides:
challenges and actions

* Climate projections:
* Precipitation changes more significant for dry periods
* Changes in extreme rainfall more a concern, not the annual averages

* Number of landslide events:
* Will likely increase: reporting, detection, actual increase in landslide
events

* |ID thresholds:
* Will likely change: seasonal T, H,0, event characteristics
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Climate change and landslides:
challenges and actions

e Landslide database: too few and far between
e Database buildup, continuous monitoring

 Lowest rainfall thresholds: < what CC models account for
* Needs: adjust thresholds, downscale

* Landslides, CC, land use changes: More fun! It’s complicated!
Transdisciplinary approaches
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THANK YOU!

https://ligtas.uplb.edu.ph
http://sesam.uplb.edu.ph

HEAVY RAIN MONITORING AND FORECASTING
IN MOUNTAINOUS AREAS AND EARLY

WARNING FOR LANDSLIDES /\\
B
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