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Tropical Cyclone Tracks in the Western Pacific (1951-2003) 

Digital-Typhoon: Typhoon Images and Information (http://agora.ex.nii.ac.jp/digital-typhoon/) Typhoon2000.com 
  

Per year:   
20 Tropical cyclones 
7 to 8 making landfall 

Floods, landslides, storm surge 

+ MONSOONS 

http://agora.ex.nii.ac.jp/digital-typhoon/
http://agora.ex.nii.ac.jp/digital-typhoon/
http://agora.ex.nii.ac.jp/digital-typhoon/


http://www.virgil.org/dswo/fs/japantour/shared/ring-of-fire-plates.jpg 

Volcanoes in the Phil 

23 active 

27 potentially active 

358 inactive volcanoes 

408 TOTAL 
Official count 



Seismic Activity of the 
Philippines (Phivolcs, 2005) 

earthquakes 

tsunami 

Liquefaction 



• Physical scientist at the community level 

• Humbling of science 

– Larger social reality 

• Dr. Uraywan 
– Period of environmentalism 

– (?, why people don’t leave) 

• Approach 
– Communication:  linear paradigm vs risk analysis framework 

– Listening (think and feel like them) 

– Sincerity 
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Arab Tuan Mashaika 
founded first Muslim 
community in Sulu 
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the Philippines 
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Loss of land 
socio-economic deterioration 

Armed Moro secessionist groups 
> 4 decade of armed conflict 

> 2M people displaced 

http://members.tripod.com/Taclobanon/BATTLEOFMACTAN.jpg 

http://www.daylife.com/photo/0coBc1caYw9ii 

MINDANAO CONFLICT 







Photos of condition 
boat 



• Human security framework  
– Safeguard the basic human rights to survival, 

livelihood, and human dignity 

• Military approach:  winning hearts and minds 
– humanitarian offensive/campaign 
– Subtle characteristic:  utilitarian objective (to 

strengthen internal security operations) 

• How to address the Mindanao conflict?  With 
sincerity. 
– sincere recognition to the crying needs of people and 

the sincere desire to help 

approaches 







– How to communicate 

• Finding a common language (Mangyans) 

• Understanding what happened (Leyte landslide) 

• Raising awareness (fluvial systems) 



 



































– How to communicate 

• Finding a common language (Mangyans) 

• Understanding what happened (Leyte landslide) 

• Raising awareness (fluvial systems) 



The 17 February 2006 Guinsaugon 
Landslide, Leyte Island, Philippines  

 
UP-Manila Observatory Team 

Alfredo Mahar A. Lagmay1, John Burtkenley T. Ong2, Dan Ferdinand Fernandez2, Mark R. 
Lapus1, Raymond S. Rodolfo1, Arlene P. Tengonciang1,  

Janneli Lea T. Soria1, Eden G. Baliatan1, Zareth P. Quimba1,  
Christopher L. Uichanco1, Engielle R. Paguican1,  Armelle Reca C. Remedio2, Genevieve 

Rose H. Lorenzo2, Francia B. Avila2, and Wally Valdibia1 

 

1National Institute of Geological Sciences, 2Manila Observatory 



                    10:26AM, landslide occurred 
                     22 - 2 survivors 

17 Feb 2006:  DAY 1 (FRI) 



18 Feb 2006:  DAY 2  (SAT) 

01:00 pm Edilio Coquilla texted 
Delia Prieto, the Central School 
Principal, St. Bernard: 
 
“Maam di a pa mi lalom skol 
tabangi tawon mi maam.Edilio 
coquille ni pls maam.” 
 
250 grade school students buried 

 





19 Feb 2006:  DAY 3  (SUN) 



19 Feb 2006:  DAY 3  (SUN) 

TAIWAN RESCUE TEAM 



19 Feb 2006:  DAY 3  (SUN) 



19 Feb 2006:  DAY 3  (SUN) 
 
Manila Observatory – UP team 
was mobilized 



20 Feb 2006:  DAY 4  (MON) 



20 Feb 2006:  DAY 4  (MON) 



20 Feb 2006:  DAY 4  (MON) 



RESCUE 505 



PHIL ARMY 



PHIL ARMY 



RESCUE 505 



Day 4, Mon, 20 Feb 2006 

The UP-Manila Observatory Team leaves  
for Cebu via private plane of Mr. Pangilinan. 



Day 4, Mon, 20 Feb 2006 



Day 4, Mon, 20 Feb 2006 



Day 4, Mon, 20 Feb 2006 

Shaded relief image 
generated from an 
SRTM digital elevation 
model.   
Raw image data was taken 
from 
http://www.landcover.org 
 



Philippines  
Sea Plate South China  

Sea Plate 

Philippine Fault 
1200 km  
(710 miles)  
 

3.6 cm/yr in northern 
Leyte (Bacolcol, 2003) 

Image from googleearth 



35km (21miles) 



































LANDSAT TM Image 2003 

False color LANDSAT image 



old landslide materials 

 Inter-Agency Committee Report, 2006 



1.5km 

0.5km 

Area = 320 hectares  
Volume = 15 – 20 million m3 

Velocity  = 100-140 km/hr 
Thickness = 30m base 
                      7m toe 

UNOSAT 



 

Cumulative rainfall in the region based on the Multi-satellite Precipitation Analysis 
 of the Tropical Rainfall Measuring Mission. 
 

674mm  
of rainfall 



PAGASA Rainfall data.     

Last heavy 
rainfall 
event Landslide 



10:36AM 
M 2.7 

location of 
two earthquakes of 
17 February 2006 
(DOST-Phivolcs) 

0           10          20          30                                                             
                            kilometers 

6:07AM 
M 2.3 

Guinsaugon 



Source: USGS 
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Major Debris Avalanches in the 20th and 21st Century  
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Major rockslide-debris avalanches in the 20th and 21st centuries. Source:  Proceeding of the  
8th International Conference and Field trip on landslides, Granada, Spain, 27-28 September, Rotterdam: Balkema, 1996. 
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Day 4, Mon, 20 Feb 2006 



Day 5, Tues, 21 Feb 2006 



Day 5, Tues, 21 Feb 2006 



Day 5, Tues, 21 Feb 2006 



Day 5, Tues, 21 Feb 2006 



Day 5, Tues, 21 Feb 2006 



Day 5, Tues, 21 Feb 2006 



Day 5, Tues, 21 Feb 2006 



Day 5, Tues, 21 Feb 2006 

Rocks…. not muds 



Day 5, Tues, 21 Feb 2006 



Day 5, Tues, 21 Feb 2006 



Day 5, Tues, 21 Feb 2006 



Day 5, Tues, 21 Feb 2006 
GPR (Ground Penetrating Radar) 



Day 5, Tues, 21 Feb 2006 



Day 5, Tues, 21 Feb 2006 



Day 5, Tues, 21 Feb 2006 



Water table 

Day 5, Tues, 21 Feb 2006 



Day 5, Tues, 21 Feb 2006 



MOUNTAIN 

RIVER 

Day 5, Tues, 21 Feb 2006 



Day 5, Tues, 21 Feb 2006 

x 



Day 5, Tues, 21 Feb 2006 



Day 5, Tues, 21 Feb 2006 



Day 5, Tues, 21 Feb 2006 

Latitude, longitude 
coordinates 

but VERY OLD 
cerca 1950s – 1960s 

CADASTRAL MAP 



Day 5, Tues, 21 Feb 2006 

UPDATED 

TAX MAP 

X X 

X X 



 

Day 6, Wed, 22 Feb 2006 
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Day 6, Wed, 22 Feb 2006 



Day 6, Wed, 22 Feb 2006 



Day 6, Wed, 22 Feb 2006 



Day 6, Wed, 22 Feb 2006 



Day 6, Wed, 22 Feb 2006 

• 60m auger 

• Total station 



 

Day 7, Thurs, 23 Feb 2006 



Day 7, Thurs, 23 Feb 2006 

Heavy rainfall 

……no on site rainfall information 



Day 7, Thurs, 23 Feb 2006 



 Inter-Agency Committee Report, 2006 



Day 7, Thurs, 23 Feb 2006 



Day 7, Thurs, 23 Feb 2006 



Day 7, Thurs, 23 Feb 2006 



Day 7, Thurs, 23 Feb 2006 



 

Day 7, Thurs, 23 Feb 2006 



Day 7, Thurs, 23 Feb 2006 



Day 7, Thurs, 23 Feb 2006 



Day 7, Thurs, 23 Feb 2006 





RESCUE 505 Day 7, Thurs, 23 Feb 2006 



RESCUE 505 
Day 7, Thurs, 23 Feb 2006 



• Air space  

• Transport vs burial 

• GIS 



creek 
small 
ridge school 

Day 6, Wed, 22 Feb 2006 



 

Day 8, Fri, 24 Feb 2006 
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Day 8, Fri, 23 Feb 2006 



RESCUE 505 Day 8, Fri, 23 Feb 2006 





IMPROVISED RAIN GAUGE 

Straight can 

MEASURED IN mm 

Day 8, Fri, 23 Feb 2006 
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Day 8, Fri, 23 Feb 2006 



Day 8, Fri, 23 Feb 2006 
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• 20 rescued on 17 Feb 2006 

• As of 24 Feb 2006 12:00 noon (DOH) 

  37 identified dead bodies  

  74 unidentified bodies 

  11 body parts 

  122 TOTAL 

• Missing 1,328 people 

 

Day 8, Fri, 23 Feb 2006 



Account from the Tiempo siblings 

Day 8, Fri, 23 Feb 2006 



Legend: 
Dead 

Account from the Tiempo siblings 

Day 8, Fri, 23 Feb 2006 

SCHOOL 
COMPOUND 



Day 8, Fri, 23 Feb 2006 



Day 8, Fri, 23 Feb 2006 



 

Day 8, Fri, 23 Feb 2006 



Legend: 
Dead 

Personal articles 

Account from the Tiempo siblings 

Day 8, Fri, 23 Feb 2006 

SCHOOL 
COMPOUND 



Day 8, Fri, 23 Feb 2006 



Legend: 
Dead 

Personal articles 

3-storey building 

Day 8, Fri, 23 Feb 2006 

SCHOOL 
COMPOUND 



3-storey building of 
Rogelio Araullo (old 
owner) 

Transported 565m 

6 

Day 8, Fri, 23 Feb 2006 



Day 8, Fri, 23 Feb 2006 



 

Day 8, Fri, 23 Feb 2006 



Day 8, Fri, 23 Feb 2006 



RESCUE 505 
Day 8, Fri, 23 Feb 2006 





Lessons learned  
from a thousand lives 

• Speed, accuracy, max. use of resources 
• Identify landslide type 
• Importance of base maps 
• Rapid aerial survey 
• GIS of data gathered 
• on-field meteorological data 
• Technical team to provide guidance 
• Hazard assessment at ground zero 
• Develop mobile phone technology for emergency 

situations (method, technology, and guidelines) 
• Need for early warning systems and disaster 

preparedness 
 
 
 



– How to communicate 

• Finding a common language (Mangyans) 

• Understanding what happened (Leyte landslide) 

• Raising awareness (fluvial systems) 



Tsunami      vs      storm surge 

https://tc120.files.wordpress.com/2014/09/434571_orig.jpg https://upload.wikimedia.org/wikipedia/commons/thumb/3/32/Surge-en.svg/2000px-Surge-en.svg.png 



Source: USGS 
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Components of a Fluvial System 

Drainage basin 

Transfer 
zone 

Depositional 
zone 

shoreline 

HIGH 
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Energy 

COARSE 
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Grain size 

Drainage  
pattern 

TRIBUTARIES 

BRAIDED 

MEANDERING 

DISTRIBUTARY 



http://www.windows.ucar.edu/earth/geology/images/alluvial_fan_lg.jpeg 



 

www.indiana.edu/~sierra/papers/2012/fauzi.html 



 

http://home.moravian.edu/users/phys/mejjg01/geology/geology%20pages/geo_ma
p_folder/geo_map_images/m_alluvial_fanB1.jpg 



MAG-ASAWANG TUBIG 
WATERSHED 

































Structually 
controlled 
tributaries  
 

braided 

meandering 

distributary 



Structually 
controlled 
tributaries  
 



Kyayat Tito, 1993 



Structually 
controlled 
tributaries  
 

braided 



Mag-asawang Tubig 

Hango kay: 
Lagmay (2006) 



Hango kay: 
Ramos (2006) 



 
TYPHOON ROSING 



TYPHOON PURING 



 















 



 



























Waterfalls 

29 Nov 1993 





Reverse grading  

http://www.panoramio.com/photo/117739702 

http://www.panoramio.com/photo/117739702


New Bataan, Compostela Valley  

Google Earth 



New Bataan, Compostela Valley 

Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2016-102, 2016  



Venezuela Debris flow 1999 

http://www.webpages.uidaho.edu  

http://www.webpages.uidaho.edu/


California, USA Debris flow 1979 

Magnesia Spring Canyon, CA.   

 



Pamulaan, USEP Mintal, Davao City  

Photo by Errol Lumibao 



 

Kyoji SAITO (2010) ALLUVIAL FAN DISTRIBUTION IN JAPAN, TAIWAN, THE PHILIPPINES AND NEW ZEALAND, Occasional Paper of Dep. Geogr., 
Saitama Univ., No.30 
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Structually 
controlled 
tributaries  
 

braided 

meandering 



River: A Dynamic System 

http://water.usgs.gov/edu/watershed.html 



Point bar 



Formation of an Oxbow Lake  



1950s 2000 





Jade Valley 



Jade Valley Flooding 

January 20, 2013 



Emphasis 



Cagayan de Oro 

Barangay Balulang 

 

Before and After 

Typhoon Sendong 
Typhoon Sendong  



Structually 
controlled 
tributaries  
 

braided 

meandering 

distributary 
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NAMRIA 



Dagupan, Pangasinan 1990 

from Kelvin Rodolfo’s ppt 



Pipe may 
appear to 
rise out of 
the ground 

How groundwater withdrawal causes land to subside 

from Kelvin Rodolfo’s ppt 



Candaba, Pampanga 



Subsidence in 
Greater Metro 

Manila and vicinity 
from 2003-2006 
from PSInSAR 

+ 19.2 mm/y 

-43.8 mm/y 

0 mm/y 
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from Kelvin Rodolfo’s ppt 


