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Sammanfattning 

Jordskredsundersökning i Nagyubuyuban, Filippinerna 
Matilda Schütz & Ingrid Sjödell 

Den här rapporten är en litteraturstudie skriven i förberedande syfte för ett praktiskt 
arbete i Filippinerna. Fältarbetet är en övervakning av ett jordskredsdrabbat område. 
Det kommer att genomföras november-december 2015 i Nagyubuyuban och pågå i 
åtta veckor. För att underlätta arbetet har en plan förberetts där lämpliga fältmetoder 
och tidsramar är presenterade. Projektet är ett samarbete tillsammans med det 
pågående forskarprogrammet Dynaslope genom institutionen för vulkanologi och 
seismologi vid University of the Philippines, Manila. Den seismiska aktiviteten kombi-
nerat med klimatologiska och geologiska faktorer, bidrar till den stora mängden jord-
skred landet är exponerat för. Jordskred kan resultera i förödande konsekvenser så 
som stora sociala och ekonomiska förluster. Risken för jordskred kan reduceras 
genom förebyggande åtgärder och varningssystem. För att minimera risken för jord-
skred i drabbade områden, är undersökningar som den praktiska delen av detta 
projekt viktig. Den här rapporten behandlar jordskred ur ett generellt perspektiv och 
innefattar; typer av jordskred, stabilitetmekanismer i sluttningar, utlösande- och 
påverkande faktorer för jordskred, vattens påverkan i en sluttning, förmildrande 
åtgärder och lämpliga undersöknings- och fältmetoder. Information om under-
sökningsområdet, Nagyubuyuban, inklusive tidigare undersökningar utförda av 
Dynaslope behandlas även. 
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Abstract 

Landslide Survey in Nagyubuyuban, the Philippines 
Matilda Schütz & Ingrid Sjödell 

This report is a literature study conducted in preparation for a practical landslide 
survey in the Philippines. The fieldwork will include eight weeks of survey in 
Nagyubuyuban during November to December of 2015. A plan is designed with 
suitable methods and time schedule to facilitate the fieldwork. The project is a 
collaboration with an ongoing program called the Dynaslope, hosted by the Philippine 
Institute of Volcanology and Seismology, Manila. The combination of the seismically 
active environment with climatological factors and geological settings, results in a 
high exposure of landslide activities in the Philippines. The country is greatly 
threatened by the devastating effects that landslides in inhabited areas might 
generate, such as economic and social losses. However, landslide forecasting is 
possible, including mitigation methods and warning systems designed to prevent or 
reduce destruction caused by landslides. Therefore the monitoring that will be done 
in the second part of this project, is essential in the work to reduce landslide hazards. 
This report covers the general aspects of landslides including; types of landslides, 
slope stability mechanisms, triggers and contributing factors, the effect of water in 
slopes, mitigation arrangements and suitable methods for landslide monitoring. It 
also covers site specific information of Nagyubuyuban, from previous surveys done 
by the Dynaslope team. 
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1. Objectives and method

This report is a literature study done as the final thesis for the bachelor program in 
Earth Sciences at Uppsala University. It is written in preparation for a second 
practical part, which is in collaboration with Philippine Institute of Volcanology and 
Seismology, the University of the Philippines, Manila (PHILVOLCS). The objective is 
to prepare and design an eight-week landslide survey in the Philippines, as well as 
cover the general aspects of landslides. The purpose of the research is to gain 
knowledge that can be implemented in the field work and plan the monitoring 
process. The fieldwork is funded by The Swedish International Development 
Cooperation Agency’s (SIDA) Minor Field Study program (MFS) and will take place 
during November-December of 2015 in Nagyubuyuban, the Philippines. The practical 
work is a landslide monitoring of the survey site, which is located in the province La 
Union in the northern part of the country, as illustrated by the darker green area in 
figure 1. The map is produced in ArcGIS.   

The focus and method of the literature study is to collect information 
about the survey site in order to conduct a suitable fieldwork plan for the practical 
part. Knowledge about the geological setting, seismic activity and climatology of the 
country is important to understand and interpret the risk of slope failure. Landslide 
triggers can be both natural and human induced and are discussed in the report. 
Different types of field methods are presented with the purpose to understand how a 
landslide survey can be performed. Moreover, landslide types and the mechanisms 
of slope stability are essential knowledge in the monitoring process. Landslides 
depend on many contributing factors and with knowledge about these, the landslide 
type, frequency and hazard risk can be estimated. This is essential in order to install 
appropriate landslide mitigation measures.  

2. Background

2.1 The Philippines  
The Philippines is an archipelago that consists of around 7000 islands, where Luzon 
is the largest and located in the northern part of the country (Bird 2010). The majority 
of the islands are mountainous and hilly, which increases the risk of slope failure. 
From a geological point of view, the numerous subduction and faults zones makes 
the area seismically active with about 20 recorded earthquakes every day (Bird 
2010). As a result, there are 22 active volcanoes in the Philippines and their 
eruptions contribute with hazards such as lava flows, pyroclastic flows, ash fall and 
landslide-related lahar (Gillespie & Clague 2009). In the last decade, numerous 
devastating natural disasters affected the Philippines and the country had the second 
highest fatality rate due to landslides in Asia during the years 1950-2009 with 35.4 
deaths per million (Forbes & Broadhead 2013). Countless people are displaced and 
forced to evacuate their homes every year due to the destructive forces of landslides 
and natural hazards (Dolan 1993).  
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Fig. 1 Country map over the Philippines. The darker green illustrates the province La Union 
where the survey site Nagyubuyuban is located. The map is produced in ArcGIS (PhilGis 
2013). 

2.2 Geology in the Philippines 
The large amount of geological hazards in the Philippines are much due to the 
country's complex geological setting, which is one of the most active on the Earth 
(Guthrie et al 2009). The Philippines’ location is part of the Pacific Ring of Fire, which 
contributes to the exposure of volcanism and seismic activity (Rantucci 1994). Both 
the seismic activity created from the subducting plates and the extensive fault zone 
cutting through the country contribute to slope instability and trigger landslides 
(Rantucci 1994). 

The country is located between two subduction zones and consists of an 
island arc system, referred to as the Philippine Mobile Belt. The island assemblage is 
situated between two tectonic plates, the Eurasian-Sundaland plate to the west and 
the Philippine Sea plate to the east. The west plate (Eurasian- Sundaland plate) is 
moving to the southeast at a rate of about 6-10 mm/year and the east plate (the 
Philippine Sea plate) to the northwest at a much faster rate, 7-9 cm/year. This is 
creating two opposite dipping plates, which are subducted beneath the Philippine 
Mobile Belt. The convergent zone is forming the Manila Trench on the west side of 
the Mobile Belt and the Philippine Trench on the east side. The Philippine Mobile Belt 
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arc system started to develop during the Cenozoic period, with ophiolitic sediments 
originating from the Mesozoic and Paleogenic periods (Gillespie & Clague 2009).  

The active belt is transected by a 1200 km long fault zone system that 
stretches between the islands Luzon in the north and the southeastern Mindanao. 
The fault system is known to be left-lateral and both trans-pressional and trans-
tensional forces are present. This has created numerous strike-slip faults with both 
vertical and horizontal displacements. The fault system started to evolve during 
Middle Miocene and is still active (Gillespie & Clague 2009). The active fault with its 
many segments have caused many recent large scale magnitude earthquakes, 
including the 1990 Luzon earthquake with a magnitude of 7.7 and the Masbate 
earthquake in 2003 with a magnitude of 6.2 (PHILVOLCS 2010).  

The general thickness of the island’s crust is around 17- 30 km, although 
some thicker crust can be found in the central parts of Luzon due to multiple arc 
magmatism events. The majority of the basement consists of sedimentary rocks. 
Igneous intrusions, ophiolitic- and metamorphic rocks stand for the remaining parts. 
The igneous rocks are restricted to locations associated with volcanic activity. Large 
scale events, such as collisions and igneous activity, account for most of the 
metamorphism in the region. The exposed ophiolitic sediments have been dated 
back to cretaceous and are distributed throughout the country, as a result of 
episodes of upwelling and faulting, among other mechanisms (Gillespie & Clague 
2009).  

The northern island, Luzon can be divided into a number of different 
zones depending on the geological origin. The western parts of the island are mainly 
compose of Tertiary sediments (Rantucci 1994) and the city of San Fernando, which 
is close to the survey site, is located in the Ilocos sedimentary basin (Gillespie & 
Clague 2009). A metamorphic igneous complex is present in the more central parts 
of the island, followed by Tertiary sediments further to the east, which later turn into a 
section of more metamorphic igneous rocks. Along the east coast some ultramafic 
rocks have been mapped and in the sedimentary formations, volcanics have been 
observed interbedded with conglomerates, sandstones and pelites (Rantucci 1994).  
 
2.3 Climate  
The Philippines is situated in the Inter-tropical convergence zone (ITCZ) and 
therefore, the country is exposed to severe weather events and patterns. The climate 
is tropical and ranges from humid to sub humid with a monthly mean temperature in 
January of 25 ºC and 27, 8 ºC in July (Bird 2010). 

The climate is dominated by a dry and a rainy season. The rainy period 
is characterized by the summer monsoon, which brings heavy rain and strong winds 
from west or southwest. This weather pattern affects the Philippines from about May 
to October every year. The heavy summer monsoon rain is due to large masses of 
air passing through the warmer Equatorial Ocean. The warm humid air cools down as 
it pass over the Philippines and precipitate, contributing with large amounts of water. 
During the dry period, on the other hand, the east or northeast winter monsoon 
brings colder and drier air between the months of November to April (Sultana 2007). 
Figure 2 shows the difference in mean precipitation, the wettest and driest month 
during the years 1950-2000. The maps are produced in ArcGIS.  

Tropical typhoons also contribute with large amounts of intense 
precipitation. Data collected from Philippine Atmospheric, Geophysical and 
Astronomical Services Administration (PAGASA) states that 47 % of the annual 
rainfall can be associated with typhoons (Rantucci 1994). They are most common 
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during pre- and post-monsoon periods and each year, about fifteen cyclonic storms 
affect the country (Central Intelligence Agency 2014). Tropical cyclones form over the 
warm ocean and move towards land, often contributing with heavy rain, gusts and 
storm surges (Sultana 2007).  

The El Niño Southern Oscillation (ENSO) is a cyclonic, oceanic and 
atmospheric weather phenomenon that has a major impact on the climate in the 
Philippines. It is especially intense about every two to seven years and begins near 
the end of every year. The effects are strongest between December to April, lasting 
for about 9-12 months (Forbes & Broadhead 2013). The weather conditions 
associated with ENSO are divided into two phases, El Niño and La Niña. During El 
Niño years the surface water along the west coast of South America is intensely 
heated, leading to abnormal rainfall at some places (e.g. Peru and Ecuador) and 
extensive drought at other locations (e.g. the Philippines, Hawaii and eastern 
Australia for instance) (Philander 1990). These low precipitation years are normally 
characterized by a decrease of landslides in the Philippines. During the other phase 
of ENSO, La Niña, the surface water is instead unusually cold along the coast of 
South America. These particularly cold years are, as well as El Niño, causing 
changes in the weather system (NOAA 2006). The presence of La Niña increases the 
precipitation and number of storms over the Philippines. As an effect, the numbers of 
landslides are increased during this wet period, which usually takes place from June 
to August (Forbes & Broadhead 2013). The amount of landslides might be especially 
large if the year before the La Niña was dry, since the ground will be drier than usual 
and the effect of water will lead to more instability than under normal conditions 
(Forbes & Broadhead 2013). 
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Fig. 2 Precipitation maps showing the driest and wettest month of the year. The maps are 
produced in ArcGIS (PhilGis 2013).  
 
3. Fieldwork  
 
3.1 Dynaslope program  
The University of the Philippines has an ongoing program at the Philippine Institute of 
Volcanology and Seismology divided into two components. The first part is the 
Senslope, which is responsible for the development and manufacturing of a sensor 
system. The second component of the program, which will govern the practical part 
of this report, is called the Dynaslope program. It is responsible for the identification 
and characterization of the deployment risk sites and the monitoring of the areas after 
the sensor installation. Since the fieldwork is part of the Dynaslope program, this 
report is written with consideration to their ongoing work. The site area is established 
by the Dynaslope team and the analysis of the area has already started.  

The planned survey will take place during an eight-week period from 
November to December of 2015. The objectives for the fieldwork are designed 
together with the Dynaslope team and includes: geologic mapping of the survey site 
and its immediate vicinity, mapping and characterization of slope failures in the 
vicinity of the monitored site and discussion on how geology influences the slope 
failures in the area.   
 
3.2 SIDA collaboration 
Minor Field Studies (MFS) is a program financed by The Swedish International 
Development Cooperation Agency (SIDA) with the purpose to give Swedish students 
opportunity to widen their knowledge about developing countries and developing 
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issues. A long-term goal is to create international relationships between Sweden and 
developing countries and to increase the amount of qualified Swedes in the field of 
international organizations. The MFS program includes eight-week field studies in a 
developing country, which is presented in a thesis work or equivalent (SIDA 2009).  

Due to the Philippines’ low Gross National Income (GNI) per capita per 
year, the county is considered a developing country by the International Statistical 
Institute (ISI) (ISI 2014). The economy is highly affected by the numerous natural 
disasters in the Philippines. Therefore this MFS project can be valuable and hopefully 
help in the landslide prevention process at the site area and contribute to a safer 
environment for the inhabitants.   

5. Theory

5.1 Definition of landslides  
A landslide is a downward, gravity-driven movement of material. It is a geological 
phenomena involving a wide variety of movements. They occur on land, coastal and 
offshore environments, in a microscopic to macroscopic scale all over the world. 
Landslides are most common in mountainous areas, with steep slopes and hills, 
although they are not restricted to areas with steep topography and can even occur 
in slopes that are 1-2 degrees. However, more than half of the largest terrestrial 
landslides occur in the steepest 5 percent of the Earth (Clauge & Stead 2012).  

From a geological perspective, landslides play an important role in the 
evolution of landscapes, since a slope failure results in a landform. A landslide 
converts potential energy into kinetic energy, creating a new landform. Besides the 
gravity, which is the main driving force, there are also numerous contributing factors 
driving slope failures. These factors (e.g. geological setting, morphology, slope 
steepness) form an unstable sub-surface considered to possess a high risk of slope 
failure. However, for the actual landslide to take place, a triggering factor generally 
acts on the slope (Clauge & Stead 2012).  

5.2 Types of Landslides 
There are several types of landslides, which are characterized by the type of 
movement and the mobilized material. The material is generally divided into rock or 
soil, where debris is coarser material and earth is fine-grained soil. The type of 
movement could be fall, topple, slide, spread or flow and describes the mechanics of 
movement. The type of landslide is influenced by the geological and climatic 
conditions and theses will determined the potential speed of movement, displaced 
volume and distance of run-out.  

The movement can be sudden and rapid, often leading to a drastic and 
severe slope failure. It can also be a slow movement during a long period of time, 
called a slow earth-flow or creep (Highland & Bobrowsky 2008). A slope failure can 
initiate in several separated parts of a slope, which later link together as one big 
failure, or the movement can start as one big collapse detaching one great mass of 
material at once. Landslides can be classified by: speed of movement, type of 
material involved (rock, soil and debris) and type of movement. Five general 
movements are defined in the following paragraphs.  

Falls are a detachment of a large mass of rock or soil from a steep slope 
or cliff. The collapse can be a combination of free falling, bouncing or rolling, where 
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the material breaks into smaller pieces. The material is often accumulated at the toe 
of the slope or cliff as a talus (Hyndman & Hyndman 2009). 

Toppling includes a forward, rotational movement of material from a 
slope. The slope failure usually occurs around an axis (Highland & Bobrowsky 2008).  

Spreads are extensions of soil or rock which can be both slow and quick. 
A spread occurs when the underlying unit is softer and weaker than the overburden. 
As the material fails, initiating from the weaker layer, it forces the overburden to 
subside into the softer mass. Lateral spread is a type of spread and takes places in 
low relief terrain, where extension combined with a weaker underlying unit generates 
the collapse (Highland & Bobrowsky 2008).  

Slides initiates at a zone of weakness from which soil and rock moves 
down the slope. The movement can be simultaneous or start at different locations. 
The main cause of slides is often intense rainfall, but they can also be triggered by 
seismic activity. There are two type of slides called: rotational and transitional. If the 
slip of the surface of rupture is curved, concave to the sky, the slide is rotational. The 
head of the slide moves more or less untouched, vertically down, with the upper 
surface tilted towards the scalp. In the toe of the slide there is shortening and folding. 
The transitional slide moves downwards a planar surface, more or less parallel to the 
slope. The zone of weakness is distinct and could be a fault, joint or a bedding plane 
(Highland & Bobrowsky 2008). 

Flows are continuous movement where the material flows in a viscous 
manner down the slope. This kind of movement has a long travel distance, large 
mass volume and high velocity (Liu 2014). Flow-like landslides are the most 
destructive and most difficult to prevent, due to the high water content and high 
mobility. Often slide type landslides gradually turns into flows during the movement. A 
debris flow or mud flow may occur if the water content is very high. The material then 
becomes heavy, because of the saturation of water and flows rapidly, often without 
warning, down the slope (Highland & Bobrowsky 2008). A debris avalanche is a flow 
characterized by fast movemnet and often long distance travelling material. This type 
of downward movement is often associated with volcanic activity, and can be 
converted into a lahar if more water is involved (USGS 2010). A Lahar is a volcanic 
debris flow where the material is composed of tephra from a volcano (Highland & 
Bobrowsky 2008).  
 
5.3 Slope stability 
Slope stability is the resistance to collapse of an inclined surface. Stability is the 
balance of the forces making the slope material move (shear stress) and the forces 
resisting the movement (shear strength). If the stresses restraining failure are larger 
than the promoting stresses, the slope will remain stable. When the slope fails as a 
landslide, the shear stresses in the slope overcomes the shear strength of the soil. In 
this way, an initially stable slope may become unstable, if the promoting forces of the 
movement are increased or the resisting forces are decreases the resisting 
(McDonald 2000).  

The acting stresses within a slope that may generate a landslide 
movement can be due to several factors and processes, or a combination of them. It 
can be the effect of water or seismic activity, but also due to human activities such as 
redistribution of slope material. Furthermore the slope material, gradient of slope and 
geological features control the stability. The presence and orientation of joints, 
fractures and bedding planes increases instability, especially in combination with 
infrastructure on slopes (McDonald 2000). 
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The steepness of the slope and its relationship to the overburden load 
and material is a key factor in slope stability. The steepest angle at which a material 
is stable is called the angle of repose. Different materials have different angles of 
repose depending on the grain’s size and angularity. This means that when a slope 
becomes steeper than the material’s angle of repose the slope will fail into a more 
stable state. The steeper the slope is, the greater the forces pulling down on the 
slope, promoting failure. The overburden load is divided into two components, one 
perpendicular to the slope and one parallel along the slope. A steeper slope has a 
larger force pulling parallel to the slope, which is promoting the failure and decreasing 
slope stability (Hyndman & Hyndman 2009).  

Friction has a significant role in slope failure since friction is the 
resistance to sliding. Low friction increases the risk of failure and the slope fails when 
the promoting forces in a slope exceed frictional resistances. The force pressing 
down on the slope and the roughness of the material compose friction, therefore the 
slope material and the overburden weight have an important role in slope stability 
(Hyndman & Hyndman 2009).  

By calculating the safety factor, the slope stability can be expressed as a 
number, which makes it possible to analyze how large the risk of failure is. The safety 
factor is the ratio of the forces resisting failure to the forces promoting failure. If the 
safety factor is less than one, the slope is unstable and likely to move. If the slope 
has a safety factor higher than one, the slope is considered stable (McDonald 2000). 

5.4 Landslide triggers and contributing factors  
The two min triggers of landslides can be divided into natural causes and human 
causes. Natural-caused landslides are due to three main categories: water, seismic 
and volcanic activities. Human-caused landslides occur because of changes in slope 
stability through human activities. Both types of causes also depend strongly on other 
affecting factors, such as slope steepness, morphology, terrain, bedrock and soil 
type, vegetation and wildfires (Highland & Bobrowsky 2008). 

The slope material plays a significant role in slope stability. Loose 
materials such as soils or loose sedimentary deposits are more likely to fail because 
of their inherent weakness, than solid rock. Failure is influenced by the mechanical 
properties, geometry of pre-existing discontinuities and internal zones of weakness. 
Fractures, joints, contact zones between layers, slip zones and weak horizons are 
weak structures. These can be tilted in different angles in relation to the slope, and 
their position and gradient can contribute to the risk of slip. For example, a zone of 
weakness located more or less parallel to a slope, has a high risk of becoming a slip 
surface. Structures with an angle lower than the slope can be dangerous in 
combination with infrastructure. These layers are called daylight beds and are often 
exposed at the toe of the slope, due to river streams or road cuts. They become 
unstable from the exposure and are likely to slip, since only friction is holding them in 
place (Hyndman & Hyndman 2009).  

Chemical weathering can contribute to slope failure if the slope material 
contains clay. Feldspars are common components in rocks and when weathered due 
to exposure of water the feldspar minerals loses calcium, sodium and potassium. The 
aluminum, silicon and oxygen left in the weathered rock will reorganize into clays, 
which have a weaker structure than the original material (Hyndman & Hyndman 
2009). 

Some clay expands in contact with water leading to an uplift of the 
surrounding material, making it more prone to slippage. Smectite and kaolinite are 
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clay minerals that have an unstable molecular structure. Smectite is commonly 
formed by weathering of volcanic ash and expand with water creating swelling soils. 
Kaolinite has a weak, soft structure even though it does not swell in contact with 
water it absorbs it and thus contributes to failure (Hyndman & Hyndman 2009). The 
reason that clay materials promote slope failure, is that the water between the clay 
layers makes the layers easily slide across each other, when exposed to pressure or 
loading (McDonald 2000).  

Weak horizons may induce or accelerate failure of slopes. A weak 
horizon is a filling of a soft material, such as clay gauge in an open discontinuity. The 
open discontinuity could be a joint, fault or bedding plane. The weak horizon usually 
has a lower shear strength than the surrounding material. However, if the slope has a 
relatively high shear strength, the weak horizon does not necessarily destabilize the 
slope. Sedimentary rocks often have what can be considered layers of weak horizons 
within the rock, because it is common with clay layers interbedded within for example 
shale and sandstone. This may lead to slippage along the bedding surface of the 
weak horizons and detachment of large masses. However, the displacement is 
dependent on the orientation, location and dimension of the weak horizon. A thick 
horizon leads to a larger displacement of the failure mass, meaning that the mass will 
slide further away. The location of the horizon does not affect the displacement 
greatly, so the displacement of a deep horizon or shallow horizon will be similar (Liu 
2014). 

Wildfires can occur naturally, but are often caused by humans. Farmers 
burn their cultivation land for better growth conditions, leaving burned slopes that are 
very prone to landslides. The burning of slopes reduces vegetation and changes the 
chemical properties of the soil (Highland & Bobrowsky 2008). Vegetation reduces the 
water content in slopes through evapotranspiration, as the roots takes up water and 
therefore dry the soil. After a wildfire, the root function from the vegetation cover is no 
longer operating since it is burnt away, leading to a higher potential risk for landslides 
when exposed to water (Hyndman & Hyndman 2009).  
 
5.5 Effect of water in slopes 
Precipitation is the main cause of slope failure and intense rainfall is especially critical 
for stability. Due to the large amount of water in a short period of time, which rapidly 
saturates the slope (Clauge & Stead 2012). Saturation of slopes is directly linked to 
precipitation, as rain water infiltrates and percolates into the soil (Highland & 
Bobrowsky 2008). Water can also weaken clays and increase the size of joints and 
fractures in areas where temperature allows freezing of water (McDonald 2000).  

An increase in pore water pressure lowers the effective stress, leading to 
a decrease in shear strength and increase of the weight of rocks and soils. Saturated 
materials have a very small surface tension or cohesion. The grains are held together 
by cohesion or surface tension of water between the grains due to static charge 
attractions. However, the presence of large amounts of water, instead pushes the 
grains apart, due to the force of the water filling the pores. Therefore, precipitation will 
both decrease slope strength and add weight as the water saturates the slope 
material (Hyndman & Hyndman 2009).  

Saturation of slopes can be a result of several factors, such as intense 
rainfall. Saturation as a consequence of precipitation causes changes in groundwater 
level within the mass, as water percolates the slope material. It also changes surface 
water levels as rainwater fills water channels and lakes. This leads to the rechange of 
groundwater in pores and cracks in rock and soil, weakening the slope. The 
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consequence of water in slopes is usually not direct and the slope failure is delayed 
and also often combined with another triggering factor (Clauge & Stead 2012). 
Floods may trigger landslides, if the great amount of water saturates a slope or 
undercuts a bank, leading to a decrease in stability. Higher water levels in rivers and 
streams may increase erosion at the base of the slope leading to modification of the 
slope profile (Highland & Bobrowsky 2008).  

Landslides can lead to secondary hazardous events. If the failed material 
of a landslide blocks a water channel, it can lead to the creation of a dam with 
subsequent flooding and local erosion. If the dam fails quickly, it can lead to rapid 
catastrophic flooding downstream. This can also lead to reduced capacity of the 
water usage from the channel. If the landslide strikes in a reservoir or lake, the large 
amount of mass can displace water generating a tsunami (Highland & Bobrowsky 
2008). 

5.6 Landslides in seismically active areas 
Sudden shaking of the ground, as from an earthquake, can trigger slope failure, both 
at the time of the event and longer periods afterwards. One large earthquake may 
generate many landslides, especially close to the epicenter (Hyndman & Hyndman 
2009). The reason is that the ground motions induced by earthquakes change 
stresses in slopes and lowers the strength of surface material (Clauge & Stead 
2012). The risk of slope failure becomes especially high in landslide-prone areas that 
are inherently unstable. The ground shaking itself can trigger the failure, but in 
combination with water, the potential risk of a landslide increases. Dilation of the soil 
may cause rapid filling of water in the ground mass, leading to instability. The shock 
generated from waves caused by earthquakes forces the grains in saturated material 
to settle in a more closely-packed arrangement. The water, which initially was in the 
pore space between the grains, then has less space and escapes. This leads to 
separation of the grains due to the water, making them temporarily lose contact with 
each other. The material undergoes liquefaction and transforms from a saturated soil 
into a liquid state that fails as a landslide (Highland & Bobrowsky 2008). 

5.7 Human triggers  
Human induced factors are usually changes in the natural topography or hydrologic 
conditions due to new infrastructure. Humans migrate to new areas that are initially 
stable, but new activities cause changes in the stresses acting on the slope. 
Therefore, it is important that safety measures are applied in the building process and 
engineering design to avoid failure in an otherwise stable slope. A common problem 
combined with infrastructure is the oversteepening of slopes. Oversteepening can be 
caused both by human or natural activities and is critical since a steeper slope is 
more likely to fail. When the top of the slope is loaded too heavily, the restraining 
forces will be exceeded, causing a failure (Highland & Bobrowsky 2008). 
Oversteepening can also be due to undercutting of the bottom of a slope, which 
causes instability. For example, excavation of a road through a slope or erosion from 
a river channel at the base of the slope (Hyndman & Hyndman 2009).  

Land usage, redistribution of land masses and deforestation are some 
examples of man-induced factors that increases the risk of landslides (Forbes & 
Broadhead 2013). Changes in drainage patterns or addition of water in slopes 
increase the potential for slope failure. Over-irrigation of lawns or crops increases the 
groundwater level. Defects in infrastructure, such as leaking water from pipes, 
contribute with additional water in slopes (Hyndman & Hyndman 2009).  
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5.8 Methods for fieldwork  
There are several survey methods that can be used in landslide monitoring. The 
stability analysis often includes investigations of geology and geological conditions, 
topography and groundwater distribution. Geological mapping is a tool to establish 
the geological setting and identify zones of weakness (McDonald 2000). When 
investigating risk areas, the first measurement taken into action is usually analysis of 
already existing maps of bedrock, soil, topography and geomorphology. Putting 
several factors together can give a more adequate picture of the hazard risk, since 
landslides are influenced and triggered by a number of different factors. The mapping 
can be done on different levels and in ranging scales depending on the desired 
scope and available information. Information of interest can be previous 
detachments, accumulation areas, land usage and infrastructure. Maps are usually 
produced on three levels. Regional maps are quite large in scale and can cover a 
province or an entire nation. If a more detailed view is desired, community-level maps 
are preferred. Private consultants can develop local or small-scale site maps for 
drilling or logging projects (Highland & Bobrowsky 2008).  

Landslide maps can be categorized into which information they provide. 
Inventory maps denote already failed areas, whereas susceptibility maps show areas 
where landslides could potentially occur. They could also include relevant features 
(e.g. drainage systems and slope angle).  Hazard maps show vicinities in which 
landslides could occur and their likelihood, that is to say when and where they might 
occur (Highland & Bobrowsky 2008). Furthermore, risk maps indicates when and 
where a landslide might occur, but also who or what will be effected by the hazard.    

Apart from analyzing maps, three-dimensional aerial photographs can be 
studied to get an overview of the survey site. However, the most important part in a 
landslide monitoring process is fieldwork. Many features are not possible to denote 
from maps and the only way to detect them is though practical work. Monitoring 
needs to be done frequently for the detection of movements in an active slope. The 
measured strike and dip of joints and fractures can be plotted on a stereonet or rose 
diagram to demonstrate the main direction of the displacement (Sassa & Canuti 
2009). Sampling of rocks or soils is also a vital part in the analysis process, since the 
lithology affects the shear strength of the slope material (Varnes et al 1984). By 
characterization and identification of the samples properties, the vulnerability can be 
established. Information about the material in combination with knowledge from field 
mapping can give an indication of the ground stability. Through mapping, the 
thickness and extent of the beds can also be revealed (Highland & Bobrowsky 2008).  

Geology and groundwater conditions can be identified through 
boreholes. In a slope stability analysis, the sample’s density and shear strength are 
tested. Slope failure can be a slow process and generate over several years. 
Therefore monitoring is usually performed over a long period of time at fixed 
measurement points. The monitoring includes installation of inclinometers in 
boreholes within the slipped mass or crack-dilation measurements across rock 
fractures, which measure the movement rate, groundwater influences and seasonal 
variations (McDonald 2000). 

Drilling is a valuable technic to analyze the subsurface in some extent. 
However, if drilling is not an option, geophysical methods can be used. Electrical 
conductivity and seismic techniques are appropriate when collecting data such as 
depth to bedrock, depth of layers, position of groundwater table and saturated zones. 
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Moreover, geometrical structures, as well as the texture and porosity of the 
subsurface can also be established (Highland & Bobrowsky 2008). 

Geographical Information System (GIS) is an important tool when 
working with landslides, since GIS makes it possible to work with multiple information 
sources, in different layers at the same time. The layers can be correlated to each 
other and analyzed, giving a broader risk perspective of the landslide prone area. 
Applicable data for the layers are steepness of slopes, angle of repose, soil type (i.e. 
quantity, size and permeability) rainfall statistics and information about earlier ground 
movements (Hyndman & Hyndman 2009). GIS can also be used to create hazard nd 
risk maps.  

Two satellite radar methods used are; InSAR imaging (Interferometric 
Synthetic Aperture Radar) and LiDAR (Light Detection and Ranging). Both 
techniques are used when creating elevation maps, so called DEM maps. The 
susceptibility of a landslide-prone area can be calculated in DEM by determination of 
the mechanisms and types of movement (Highland & Bobrowsky 2008). The 
methods have slightly different properties, InSAR is not weather-dependent and can 
successfully penetrate rain and fog. LiDAR, on the other hand, is ideal in vegetated 
areas, since it can penetrate the terrain in contrast to ordinary photographs and 
therefore, earlier ground movements can be detected. InSAR effectively indicates 
displacements, though merging two pictures taken at different times (Highland & 
Bobrowsky 2008).  

Real-time monitoring installations are essential to detect a slope failure. 
The drawback with monitoring instruments is the high cost. Monitoring instruments 
can have different designs, but usually include a slope-sensor, a geophone detecting 
seismic movements, rain-gage collecting precipitation and instruments measuring the 
pore pressure (Highland & Bobrowsky 2008). It is also profitable to use more 
qualitative methods, such as field observations and interviews with local inhabitants 
in the risk area. Their observations of cracks and landslide indicators, are of 
importance when performing a survey (Dela Peña et al 2014). Signs indicating 
landslide movement can be cracks in the ground, foundations or buildings, tilting, 
offset or sinking of buildings, trees, fences, poles, broken telephone or water lines. 
The size of the movements and rate of displacement may be established by 
measuring the distance between two fixed points in a crack repeatedly over a time 
period. Change in water levels (e.g. groundwater, surface water or streams) are also 
essential indicators (Highland & Bobrowsky 2008). It is important to establish if a 
landslide-prone area has failed in the past or not. Failed slopes and their vicinity 
usually have characteristics promoting failure, especially if the area have been 
excavated or used for infrastructure (McDonald 2000).  

5.9 Landslide mitigation and slope stabilization  
Information about geological, morphological and hydrological conditions at a 
landslide prone area is essential. With a combination of knowledge about the 
surrounding conditions and long- and short-term meteorological forecast, it is 
possible to estimate; the type and extent of a landslide, how large the risk for slope 
failure is and the frequency of landslide events. Only then can suitable mitigation 
arrangements be installed (Highland & Bobrowsky 2008). 

Monitoring and warning systems can be installed at landslide-prone 
areas for temporary evacuation at times when the landslide risk is large. The basis of 
the warning system is changes in ground motions, combined with weather conditions 
promoting landslides. The alert time span can range from hours to days before the 
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anticipated landslide might take place (Highland & Bobrowsky 2008). Also previously 
established critical thresholds of slope failure from rainfall can be useful. One 
problem making the threshold technique very complex is the variation of threshold 
values at different locations. Every region has their own threshold value, since they 
highly depend on surrounding factors, such as soil characteristics and climatology as 
well as availability of data (Garcia‐Urquia & Axelsson 2015). Because of this, every 
region needs to be carefully analyzed for an accurate threshold value (Nawagamuwa 
et al 2013).  

Generally, larger unstable slopes are not easy to stabilize, whereas small 
and local instabilities in slopes may be held stable with engineering design. Failure 
can be prevented by changes of the slope profile. One method is adding material in 
the toe of a slope, which will increase the resisting forces. Another method is 
reducing material in the head and therefore lowering the weight of overburden 
material, which decreases the driving forces promoting failure. A technique to 
establish stability is by backfilling the head with lightweight material or to reduce the 
height of the slope, reducing the total weight of the slope mass and therefore 
minimizing driving forces promoting failure. It is also effective to flatten the slope 
angle or design terraces, since it reduces the stresses acting on the slope (McDonald 
2000).  

Drainage of soil slopes is an efficient way to stabilize slopes, by lowering 
the increased pore water pressure from rising groundwater due to infiltration of 
precipitation (McDonald 2000). Drainage also contributes to the stability of the slope 
by lowering the weight of the sliding mass and stabilizing the soil. This can be done 
through the installation of drainage systems in the form of surface ditches, shallow 
subsurface drains or drainpipes, which will lead away surface water, avoiding 
infiltration from rainwater and potential changes in groundwater levels (Highland & 
Bobrowsky 2008).  

Retaining walls is a supporting structure that holds soil in place 
permanently by increasing the restraining stresses. This method can not prevent 
landslides from occurring, although it can reduce toe erosion caused by rivers and 
slow down creep movements. Reforestation increases the vegetation clover and root 
system and reduces surface erosion (Highland & Bobrowsky 2008). 
 
 
6. Results 
 
The results of this report are not based on fieldwork or laboratory analyses. Therefore 
there is no collected data but instead assumptions and conclusions from literature, 
previous research and surveys conducted in the past. The result is a discussion of 
suitable methods for the fieldwork including a practical plan. Interpretation of the 
survey site and observed activities, as well as the geology, soil conditions and slope 
stability in the area.     
 
6.1 Survey site 

6.1.1 Interpretation of the survey site  
The province La Union is situated in the northern Philippines, in the middle-east part 
of the island Luzon (Bird 2010). The region is considered to be progressive and 
developing and except for agriculture of rice, tobacco, cotton etc. the region's main 
city, San Fernando is a financial center (Provincial Government of La Union). The 
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area for the fieldwork is Nagyubuyuban, which is located about 16 kilometers from 
San Fernando. It is 658.1437 hectares and has a population of 1478 inhabitants and 
290 households (City of San Fernando 2015). The highest peak elevation in 
Nagyubuyban is 378 meters. The area predominantly has mountainous and hilly 
terrain, with flatter areas in the north. The mountain sides are cut for both agricultural 
and infrastructural usage (Dela Peña et al 2014). 

Inhabited areas are prioritized for survey since the people and their 
belongings, like agricultural land and houses, might be endangered. The landslide 
prone survey site identified by the Dynaslope team is utilized for agricultural 
purposes. The site area is located on a hillside and has an elevation of 248 meter. It 
includes at least four residential houses and access roads leading directly to San 
Fernando (Dela Peña et al 2014). 

The Dynaslope team has done a detailed analysis over the site area 
including the connection of historic events, like earthquakes or typhoons. Mapping 
the topography and landslide features with handheld GPSs and pocket transit was 
done to produce maps over the area and thereafter computer modeling of the slope 
stability. The team also did some characterization of the ground material in the slope 
vicinity (Dela Peña et al 2014). 

As seen in figure 3, the site shows numerous signs of movement along 
the traverse, illustrated by the red lines within the shaded red risk area. The site 
shows deep-seated failure with recent movements, although no actual landslide has 
yet been recorded. Vertical displacement of 1-2 meter depressions of leveled surface 
has been observed along the vicinity of the section profile, one is illustrated in figure 
4. Larger displacements are present at specific locations, with the largest at about 6
meters. Within the site area, roads are also destroyed due to the ground movements 
(Dela Peña et al 2014).  

According to the Dynaslope survey team, the first cracks opened in the 
area in 2008 and continuous movement have been detected since then (see table 1). 
The most recent movements have been documented in July 2013 during a typhoon. 
The dominating trend of the cracks is northwest-southeast (Dela Peña et al 2014). 

Table 1. Reported activities by the Dynaslope team from the survey site, Nagyubuyuban 
(Dela Peña et al 2014). 
Date Observation/Event  Description Source 
2008 Cracks First movement: 

cracks on the 
downslope (?)  

Anecdotal 

2009 Cracks Cracks below the 
road formed 

Anecdotal 

July 2013 Typhoon Maring Cracks on rice field  Anecdotal 
October 2013 Cracks Cracks on the rice 

field  
Firsthand seen by 
the Dynaslope 
team 

The failure pattern in the survey area starts in the lower parts of the 
slope, leading to instability in the upper parts. The failure therefore spreads from the 
bottom to the top of the slope as a linked system of failures. According to the slope 
stability modeling, done by the Dynaslope team, the slope is most unstable in the 
middle part followed by the upwards parts towards the head. As for the calculated 
safety factor, there is a significant difference when groundwater has been taken into 
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account. The safety factor has a value of 0.818 when groundwater is included, which 
can be seen in figure 5A. The slope without groundwater has a higher safety factor of 
1.237, as illustrated in the slope stability model in figure 5B (Dela Peña et al 2014). 

 
Fig. 3 Extent of the Nagyubuyuban survey site (shown by the orange shaded polygon, 
approximately 600 m2). Cracks (represented by red lines) and settlements (shown by blue 
squares) have been observed within the shaded area (Dela Peña et al 2014). 
 
 

 
 

Fig. 4 The location of the places where vertical displacements (marked by red lines) have 
occurred with the survey area (Dela Peña et al 2014). 
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Fig. 5A, 5B Slope stability models, where model 5A has groundwater considered and a 
safety factor less than 1. Model 5B on the contrary has a higher safety factor, above 1 and 
the ground water is not considered. The sections have a width of approximately 100 m and a 
height of 40 m (Dela Peña et al 2014). 
      

6.1.2 Geology and soil 
According to the Dynaslope survey team’s analysis, the site area mainly consists of 
weak sedimentary rocks. The type of rocks is not fully established though out the site, 
however the interpretation is that the bedrock consists of sandstones interbedded 
with fine to coarse material. Some of the sandstone layers are more distinct and 
protruding from the surroundings. Also, layers in the sandstone correlate well with the 
dominating stratigraphic unit in the area, the so called Rosario Formation (Dela Peña 
et al 2014). With the help from the literature, two members considered to be part of 
the Rosario formation have been studied in order to obtain useful information for the 
practical fieldwork.  

The two studied lithostratigraphic units, the Amlang and Cataguintingan 
are separated by an angular unconformity and therefore subdivided due to their 
significant differences. The lower member, the Amlang includes late Miocene to early 
Pliocene deposits and stretches through the provinces of Pangasinan and La Union. 
The sequence has been recorded to be as thick as 1620 meters and mainly consists 
of clastic rocks, with turbiditic sandstones, shales and conglomerates. A 
progradational pattern has been observed in the section, starting with fine graded, 
grey shale, interbedded with fine to medium sized sandstone. Conglomerates have 
been observed as the section is coarsening upwards. In the sandy layers clear 
turbidite sections and structural features, such as sole marks have been detected. 
The upper part of the unit is defined by the presence of basaltic flows, which 
indicates the top of the Amlang formation (Aurelio & Peña 2010).  

The basaltic flows are then followed by an angular unconformity, after 
which the Cataguintingan section starts. This younger member is dated back to late 
Pliocene and is composed of more calcareous sediments. Limestone lenses have 
been observed in conglomeratic layers but not in any larger quantities. The 
conglomerates are mostly restricted to the lower parts and finer grained material like 
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sandstones, silt, and shales are more abundant in the upper parts. Indications of 
volcanic activity have also been detected in the form of sandstones partly composed 
of tuff material, which consist of more than 50 percent tuff and are therefore 
considered to be tuffaceous. The general thickness of this section is about 1.100 
meters and the overall trend is that the member is thickening from south (900 m) to 
north, with a maximum of up to 2.600 meters in the north (Aurelio & Peña 2010). 

6.2 The fieldwork plan 

6.2.1 Methods for the fieldwork 
The fieldwork is an eight-week landslide monitoring survey, which will take place 
during November and December of 2015. The weather conditions should be 
satisfying for the survey, since it is post-monsoon and the risk for intense rain events 
is low. However, the risk for typhoons should be noted. The period November to April 
is the best time to coduct landslide surveys. During this period, the winter monsoon 
brings colder and drier air compared to the rest of the year, which is ideal for 
monitoring (Sultana 2007). 

There are multiple methods to perform a landslide survey and to achieve the 
objectives of the fieldwork project, appropriate methods must be chosen. A carefully 
designed plan of the survey process will be the base of the monitoring. The plan is 
provisional and will most likely change during the process due to unexpected 
obstacles or changes in the time schedule. The needed equipment will be provided 
by the Dynaslope team at the time of arrival in the Philippines. The methods are 
chosen in consideration to the following objectives:   

• Geological mapping of the area
• Slope failure characterization
• Discussion on how the geology influences the slope stability

The MFS-report, will summarize the fieldwork and will be written in conjunction with 
the monitoring. The goal is to finish the report within the time-span of the fieldwork.  

6.2.2 Survey methods  
As established in the theory part in this report, some features are important to map 
and note in the site area, since they affect the slope stability. The features are: 

• Geology (type of rock/soil)
• Zones of weakness (weak horizons, fractures, joints, cracks, etc.)
• Past slope failures and detachments
• Topography (slope angle)
• Other contributing factors (i.e. water conditions and infrastructure)

With this information, the type and potential risk of a landslide can be discussed and 
estimated as part of the landslide forecasting. Suitable methods are selected to 
identify the features. However, since the fieldwork is hosted by the Dynaslope team, 
some details about the monitoring are not clear yet and will be established at the time 
of fieldwork with help from the team.    

The first step of the survey will be to map the site and its vicinity, both 
from a geological and topographical perspective (with already existing maps as a 
base). For 3D- maps, handheld GPS in combination with a rangefinder tool will be 
used, as well as laser beams for distance measurements. The map can function as a 
base for future surveys, e.g. since fixed monitoring stations measuring vertical 
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displacement are positioned with respect to the map. As part of the mapping 
objectives, it is necessary to determine how geology influences the slope failures in 
the area. The bedrock and soil in the site will be carefully examined with hammer, 
hand lenses, compass clinometer, with help from the literature study of the area’s 
geological setting. Faults, fractures, joints and displacements will be mapped (strike-
dip and vertical displacement) simultaneously. Ground movements in the vicinity of 
the site will be measured by crack width monitoring. Chosen cracks will be measured 
continuously over the fieldwork period to determine if ground displacement occur and 
their corresponding rate of movement.   
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Table 2. Planned survey methods for the eight weeks of fieldwork. 
Week Objective Activities Equipment 
1 • Interaction with the 

Dynaslope team and 
their work 

• Familiarization with the 
survey area   

Visit the survey site and its 
vicinity guided by the Dynaslope 
team. Introduction and practice 
of the monitoring methods and 
needed equipment. Studies of 
topographic maps covering the 
area. 

• The team’s instruments  
• Topographic maps 

2 • Selection of locations for 
monitoring of ground 
movements  

• Geological mapping  

Interviews with inhabitants and 
investigations of signs of 
movements (i.e. cracks, tilted 
poles and failures). Mapping 
with GPS and compass 
clinometer. Strike-dip 
measurements. 

• Handheld GPS 
• Compass clinometer 
• Map  
• Hand lenses 
• Hammer 
• Measuring tape 
• Rangefinder 

3 • Monitoring of selected 
locations  

• Continuation of  
mapping  

Crack width monitoring of the 
selected cracks. Mapping with 
GPS and compass clinometer. 
Strike-dip measurements. 

• Handheld GPS 
• Compass clinometer 
• Map  
• Hand lenses  
• Hammer 
• Measuring tape 
• Rangefinder 

4 • Mapping of past failures  
• Collection of samples  
• Monitoring of selected 

locations   

Mapping locations of slope 
failures and their distribution. 
Collection of soil samples from 
areas of detachments for in situ 
test of plasticity, clay content 
and toughness (also for later 
laboratory analysis if possible). 
Crack width monitoring. 

• Handheld GPS 
• Compass clinometer 
• Map  
• Hand lenses  
• Measuring tape 

5 • Continuation of 
monitoring   

Crack width monitoring. 
Compilation of collected data, 
plotting measured data on 
stereonets and rose diagram. 
Writing of the report. 

• Handheld GPS 
• Compass clinometer 
• Map  
• Measuring tape 

6 • Continuation of 
monitoring   

Crack width monitoring and 
continuation of writing of the 
report. 
  

• Handheld GPS 
• Compass clinometer 
• Map  
• Measuring tape 

7 • Continuation of 
monitoring 

• Evaluate data 

Crack width monitoring. 
Evaluation of the collected data 
- is anything missing?  Report 
writing.  
  

• Handheld GPS 
• Compass clinometer 
• Map  
• Measuring tape 

8 • Final measurements  
• Collection of possible 

missing data  

Finishing of the project and final 
crack width monitoring. Report 
writing. 

• Handheld GPS 
• Compass clinometer 
• Map  
• Measuring tape 
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6.2.3 Questionnaire 
As mentioned earlier, interviews with the local inhabitants is a feasible mean to 
understand the history of the site area. This type of qualitative method can provide 
invaluable information about the evolution of ground movements. Open questions will 
be used to avoid any type of influence on the answers. The following proposed 
questions can provide appropriate information for the monitoring. They are flexible 
and will be modified and developed at site depending on the setting and the 
inhabitant’s knowledge of the subject. The questions are:  

• How long have you lived/worked in this area?
• Have you noticed cracks in the ground or tilted objects in this area?

o Have you seen new cracks/tilted objects in the area lately?
o Have the cracks always looked the same?
o If not, when did you last notice a change?

7. Discussion

7.1 Landslide forecasting  
Landslide forecasting is a step in the risk analysis process, making it possible to 
calculate the potential risk of failure and with that also economic and social losses. 
The forecasting is dependent on knowledge about past failures. Disasters can be 
avoided with long term monitoring and early warning systems. Because of the 
complexity of landslides, a key factor is studies of earlier recorded slope failures. 
According to the Department of Environment and Natural Resources, the province La 
Union is considered to be one of the top ten provinces exposed to landslides in the 
country (Department of Environment and Natural Resources 2015). A region where 
slope failure has occurred in the past is likely to fail again, since the area has 
conditions promoting landslides. Therefore, it is very important to study past 
landslides in similar environments as the survey site in Nagyubayuban. With this type 
of research, estimation and evaluation of the potential risk of slope failure in not yet 
monitored areas can be simplified. The expression “the past is the key to the present” 
describes how knowledge about past landslides can help in future forecasting in 
similar environments. Research and surveys in these areas are therefore essential in 
order to detect signs that could potentially lead to new failures (Nawagamuwa et al 
2013). 

Two significant events in the Philippines are the landslides triggered by 
the 1990 Luzon earthquake and the 2006 rock slide debris avalanche in the southern 
Leyte. The 2006-event lasted only a few minutes and covered a whole village with its 
high velocity. The failed mass blocked at least four streams which led to a secondary 
flooding hazard due to dam building. Potential triggers were earthquakes and 
prolonged precipitation caused by a La Nina year (Catane et al 2006). The 1990-
landslides covered an area of approximately 10.000 square meters. Due to the 
variety of geological properties, all types of known landslides were recorded after the 
large earthquake (Rantucci 1994). The wide range of landslide types that occurred at 
this event very well illustrates the difficulties in forecasting landslides, since the large 
geological variations resulted in many different types of landslides. Due to the 
complexity of the processes involved, geological surveys are needed to gain as much 
information as possible. At landslide-prone areas where substantial information is 
limited, it is challenging and difficult to analyze the risk of slope failure. 
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7.2 The survey site and mitigation 
It is difficult to predict the type of landslide, especially if no recorded landslide has 
occurred in the area. This is the situation at the Nagyubayuban survey site (the 
orange shades risk area in fig 3) where only detachments and cracks have been 
noted (see table 1). Therefore, to determine the type of potential motion, the 
geological setting and surrounding contributing factors must be established through 
practical work before suitable mitigation can be properly installed. The main bedrock 
in the region of the survey site is of sedimentary origin (Aurelio & Peña 2010). 
Sedimentary rocks are inherently weak and usually more porous than closely-packed 
igneous and metamorphic rocks. This structure makes the material susceptible to 
water and therefore easily saturated. The risk of failure is especially high in 
combination with water, ground movements and steep topography, which are all 
present at the survey site. Weak horizons could also under certain conditions, 
promote a slope failure, although their presence at the site is not confirmed. 
However, one possible theory is that due to the tropical climate and therefore, high 
temperature in combination with large amounts of precipitation will lead to high rates 
of chemical weathering. The greatness and position of the clay layers in relation to 
the slope contributes to the risk of failure (Hyndman & Hyndman 2009) and weak 
horizons are therefore important to keep in mind during the fieldwork.  

Common triggering factors generating a slope failure are intensive 
rainfall and seismic activity, which are aspects that the site is known to be subjected 
to. According to figure 2, the wettest month at the survey site during the years 1950-
2000 has a mean precipitation of 531-727 mm (PhilGis 2013). However, the map 
does not show the rain intensity, which is a key factor for saturation. It is clear that 
large amount of rainfall during a short time span will most definitely lead to rapid 
saturation of the slope and as a consequence, a rise in groundwater level. Intense 
rainfall leads to a larger risk of landslides than the same amount of precipitation 
during a longer time-span. Hence, rainfall thresholds are an efficient way to 
determine when the risk for landslides is large (Nawagamuwa et al 2013).  

Landslide monitoring requires a long time survey, since slope failure can 
be a slow process developing during many years. Hence, knowledge about already 
identified detachments is the base for continued monitoring. Consequently, the 
displacements will be measured during a specific time-span to detect if the ground 
movements are active and if so, the rate of displacement can be established. From 
this information it is possible to predict from which direction a potential landslide 
might initiate. 

The survey slope has a high potential of failure as illustrated by the slope 
stability models in figure 5A and 5B. The results of the modeling indicate a low 
stability with a safety factor below one. Modeling and knowledge about the overall 
stability of the slope is crucial for the future land usage, infrastructure and mitigation. 
For example, the surveyed slope is most unstable in the middle part followed by the 
upper parts toward the head (Dela Peña et al 2014). In the case of a failure, this 
instability pattern might trigger a series of failures, which may initiate in the lower 
slope and progress towards the top. Consequently, this should be taken in 
consideration when constructing new infrastructure. Material should not be removed 
from the lower part of the slope or added towards the top, since it would increase 
instability of the already instable parts of the slope (Highland & Bobrowsky 2008). 

Valuable knowledge about the risk associated with landslides may be 
gained from experience from earlier landslides. Planning and management with the 
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collaboration of expert engineers and geologists are fundamental in order to obtain 
an effective and sustainable land usage development in landslide- prone areas. 
Human-induced landslides are increasing worldwide mainly due to urbanization and 
deforestation of landslide-prone areas. Problems occur when people settle in 
unstable areas where no geological surveys or investigations have been done. Of 
course, the most efficient way to avoid landslides, is not to build on unstable slopes. 
However, this is not always realistic and instead, more feasible prohibitions, such as 
avoiding road cutoff, slope overloading or removal of stabilizing slope material can be 
applied. In areas with existing infrastructure, installation of monitoring and warning 
systems could in some cases prevent deaths and destruction. The problem with 
monitoring and mitigation in developing countries is that the required instruments and 
techniques are expensive (Highland & Bobrowsky 2008) and not always prioritized by 
the government. This leads to lack of installation in landslide prone areas, which 
endangers the inhabitants.  

Education within slope stability is not only important in the field of 
engineering construction. Also education of the inhabitants can be a preventative tool 
to minimize the consequences from a landslide hazard. Information of signs 
indicating landslides and ground movements can be easily applied and reach a large 
amount of people (Guthrie et al 2009). The inhabitants are usually the ones who 
know their land the best, especially farmers who work in the unstable environment. 
Hence, they are likely to observe new signs of ground motions. This could be of help 
both in already monitored areas, but also where no geological survey has been 
performed. One example where the observations from inhabitants could have helped 
the landslide forecasting is a water channel that became muddy the day before the 
2006 debris avalanche (Catane et al 2006). An observation like this could have been 
an indicator of the coming landslide, if the sign would have been correctly interpreted 
by the observer and reported to landslide monitoring experts. Consequently, 
interviews with locals at the survey site can be valuable source of information for the 
fieldwork. 

7.3 The literature study’s process 
A literature study is an ideal method to learn background information for a practical 
work. Being well prepared facilitates the fieldwork and leaves less space for mistakes 
and sources of error. However, there are some difficulties with literature studies. First 
of all, there is a vast amount of literature about landslides that has to be narrowed 
down in order to fit the scope of our project before it is critically reviewed. The next 
step is to evaluate how appropriate the information is in relation to the study. More 
than one source stating the same facts is a good confirmation of the literature's 
accuracy. Another difficulty is that most of the literature, especially books about 
landslides, cover landslides in a general perspective. This can be problematic if the 
study is linked to a specific location, as in this study, due to the large variety of 
contributing factors affecting a landslide prone-area. Therefore, it is not certain that 
the information gained from literature can be applied at a specific location and be 
completely accurate. However, in order to be prepared for the practical work it is 
important to be aware of all the elements that might affect the location of 
investigation. In this case the best type of literature are articles concerning the same 
area as the fieldwork. This can be difficult, when earlier research is limited, which is 
the situation at the survey site in Nagubuyuban. The only research of slope stability 
at the site so far is done by the Dynaslope team, leading to only one source of 
information in the report considering the site area. Therefore, for this report articles 
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concerning similar environmental, geological and climatological conditions as the 
survey site were used. Literature regarding the Philippine’s and especially the island 
Luzon has been the best source of information, but even literature concerning other 
parts of Asia has been useful. 
 
 
8. Conclusion  
 
The literature study has provided knowledge that will be useful for the practical 
fieldwork. The theoretical part of the report has contributed with the tools needed to 
be prepared in the field. To understand landslides in a broad perspective, it is 
important to study general information about the mechanisms, contributing factors 
and triggers. This means that all studied literature might not be applicable for the 
survey site but important for understanding the landslide processes. The fieldwork 
plan is preliminary but will be a starting point for the practical work. With the collected 
landslide information and the fieldwork plan, we are well prepared and ready for the 
practical part.        
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