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Objectives
• To characterize  and produce maps of  the  

landscape attributes  of the landslide 
areas in St. Bernard, Southern Leyte 

• To  assess the major factors influencing  
landslide occurrences

• To predict landslide occurrences using the 
Stability Index Mapping (SINMAP) model
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The Landslide process

- define

- occurrences

 Impacts of landslides
- on the community

- on the economy

- on the environment
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Landslide block detached from the uppermost slope 
which traveled about 2 kilometers down slope 

Photo courtesy of PHIVOLCS
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The landslide block detached from the uppermost slope which traveled 
about 2 kilometers down slope 2 years after the landslide event 

Factors Affecting    
Landslides
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 Causal factors
 Geologic formation 

 slope characteristics

 seismicity (earthquake occurrences)

 Vegetation / land cover

 soil properties

 Triggering factors

 rainfall

 ground water / hydrology

 deconsolidation

Methods
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Characteristics of 
Southern Leyte 

Landscape

Fig. 1. Geographical location of Southern 
Leyte and the  research site.



4/12/2011

9

Fig. 2. Geologic map showing the major rock 
formations in the research site.
(Source: VSU, GIS unit, 2009)

Table 1.  Geology of  the research site
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Shallow groundwater table as exemplified by 
the occurrences of springs found abundant 
on the upper mid-slope of the landslide area 

Photo courtesy of PHIVOLCS

Springs and stream channels found 
abundant on the lower mid-slope of 

the landslide area.
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Fig.  3.  Map showing plate tectonic setting and 
location of Philippine fault line (redrawn and 
modified from Barrier, et. al, 1991).

Table 2. Approximate length (km) of the Philippine 
fault  and fault segments 

GIS –based estimate from the modified tectonic map of Barrier et al., 1991
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Fig. 4. Map showing the distribution of fault lines 
in Leyte and Southern Leyte (source: Daag 
and Buena, 2006).

Fig. 5.  Seismicity map of Southern Leyte.
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Table 3. Seismic occurrences in Southern Leyte island from 2000-2010

YEAR NO. OF 
OCCURRENCES

MAGNITUDE 
SCALE (Ms) 

 
2000 21 4.0 - 5.4 
2001 12  4.0 -  4.8 
2002 5  4.1 -  4.9 
2003 15 4.0 -  5.7 
2004 22  4.0 -  5.1 
2005 15  4.2 -  5.2 
2006 5 2.4 - 4.2 
2007 10 2.1 - 3.7 
2008 6 3.1 - 4.4 
2009 11 2.8 - 5.1 
2010   6 2.6 - 4.5 

Total 128  
 1994 6.4- St. Bernard, SL
 1998 5.9 - SL

Source :  Year 2000-2005 data: PHIVOLCS Central Office  
Year 2006- March 2010 http://earthquake.phivolcs.dost.gov.ph 
 

 

Table 4.Seismic occurrences in Southern Leyte 
on February 17, 2006*

* Source: Daag and Buena, 2006
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Fig. 6.   Digital elevation model (DEM) 
of the research site.
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Table 5.     Elevation of the watershed and the landslide areas

Fig. 7.  Slope map of research site.
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Table 6.  Distribution of slope classes of the 
watershed and the landslide areas

Table 7. Slope aspect  of the watershed and the landslide areas



4/12/2011

17

Fig. 8.  Soil series distribution of the research site.
(Source: VSU GIS unit, 2009)

Photo 5.    Guinsaugon, Saint Bernard, Southern Leyte   landslide areas showing very loose soil and  rock    
materials.
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Fig. 9.  Vegetation map of the research 
site (Source: VSU GIS unit, 2009) map of 

the research site 

Table 5. Types of vegetation in the watershed and the 
landslide
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Figure 10. Daily and cumulative rainfall 
(mm) for the month of  February, 2006 at 

Otikon,  Libagon, Southern Leyte  
(10o9’37” N latitude, 125o2’13”  E 

longitude) rain 

SINMAP MODELING
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Figure 12.  SPOT and ASTER satellite images showing the 
distribution of landslide points in the research site.

SINMAP outputs
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Fig. 13. Map output of SINMAP 
model showing  the stability index 

of the research site 

Table 3. Default stability index classifications of the SINMAP 
model
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Table 4. SINMAP statistical summary showing stability index 
classification of the study site
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Areas for research 
• More research on the hydro-geologic characteristics of watershed areas   

to  monitor changes in underground water level and  movement;

• Conduct studies on  slope stability analysis

• Landslide inventory mapping and continuous monitoring and assessment 

of landslide indicators (presence of    tension cracks, occurrence of shallow 

landslides , etc.)  in susceptible areas;

• Thorough characterization of areas along the Leyte segment of the 

Philippine fault to be able to establish danger zones   (ex. In Guinsaugon,  

a 700 m asl elevation had  run out distance of > 4 km ); 

• Intensify research effort on the modeling aspect of landslide studies;     

• Establishment of database on Leyte, Philippine landslides;

• Research on the use of devices for early warning system in the event of a  

landslide occurrence;     

Recommendations 

• The  watershed  should be planted with trees to enhance 

stability;

• Human settlement is strongly discouraged in the unstable 

zone and its immediate surrounding vicinity approximately 

greater than 4 km. run-out distance;  

• Set -up additional  rain gauging   stations for continuous 

monitoring of rainfall amount , rainfall  intensities and 

duration at strategic places in the island;
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Thank You!


