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Abstract 

Landslides are expensive for the community as it causes changes to for example 

infrastructure, changes in land used for cultivation and can also result in loss of life. 

Climate change will in the future introduce higher amounts of precipitation in 

Sweden, which increases the risks of landslides, as groundwater levels will increase.  

Investigations, which are made, to determine the slope stability, become more 

expensive when more details are needed. Models for instability of slope have 

disadvantages of giving too low values, being too broad and not including long-term 

changes in groundwater and pore pressure. One modelling tool which might be 

useful is S-HYPE which produces, from normalised groundwater levels, a filling 

degree (% of groundwater aquifers). This study therefore investigates the potential 

use of S-HYPE in the work of predicting landslides. 

Programmes which have been used are S-HYPE, ArcGIS 10.5, Excel and SPSS 

(Statistical Package for Social Sciences). ArcGIS 10.5 have been used to connect the 

57 landslides which have an exact date to the subcatchments found in S-HYPE, 

where after filling degree could be extracted. Soil type and slope of the ground have 

also been handled in ArcGIS 10.5. All data have been handled and gathered in 

histograms, graphs and tables by using Excel. SPSS was used to perform a PCA 

(Principle Component Analysis) and a one-way ANOVA (Analysis of Variance). 

The results show that for the small reservoir model almost half of the landslide had a 

filling degree of 70-100%, whereas for the large reservoir model almost half had a 

filling degree of 35-70%. These results show that for almost half of all landslides, for 

the model of the small reservoir, the groundwater might have played an important 

role. The trend of the filling degree is better shown for the large reservoir model. Not 

many landslides had occurred at a slope angle greater than 20 degrees. The only soil 

group happening at steeper slopes was the soil group till. The three components 

extracted from the PCA are indicators of climate, geology and slope of the ground. 

More parameters would be out of interest to include, such as closeness to streams 

and human activity in the area, to further investigate the use of S-HYPE. The 

comparison between six different landslides showed that for all except two, which 

had another type of geology, the landslides had occurred during high groundwater 

levels and rising filling degree for both reservoir models. 

The results indicate that S-HYPE could be used when looking at the risk of a 

landslide happening, when one knows the conditions on the site. However, less so as 

a tool that predicts that a landslide is going to happen. The use of S-HYPE as an 

assessment tool for the risks of a landslide requires, therefore, that other parameters 

are known, such as the sensitivity of the soil to changes in groundwater conditions. 

However, further studies are needed to further prove the use of S-HYPE. 

 

 

 





Sammanfattning 

Jordskred är kostsamt för samhället då det orsakar skador och förändringar på 

exempelvis infrastruktur, odlingsmarker och det kan även resultera i förlust av liv. 

Mängden nederbörd, i och med klimatförändringarna, kommer att öka i Sverige, 

vilket också innebär ökade grundvattennivåer. Detta innebär en ökad risk för 

jordskred.  

Undersökningarna, som görs för att fastställa slänters stabilitet, blir dyrare ju mer 

detaljer som inkluderas. De modeller som finns för att förutspå slänters stabilitet har 

nackdelar så som att de producerar för låga värden, att de är för översiktliga och att 

de inte inkluderar förändringar i grundvatten och portryck under en längre tid. En 

modell som kan vara till hjälp i arbetet att förutspå jordskred är S-HYPE. S-HYPE 

producerar, genom att normalisera grundvattennivåer, en fyllnadsgrad (% 

grundvattenakvifer). Det här projektet studerar därmed den potentiella 

användningen av S-HYPE i arbetet att förutspå jordskred. 

De program som använts under detta arbete är S-HYPE, ArcGIS 10.5, Excel och SPSS 

(Statistical Package for Social Sciences). ArcGIS 10.5 har använts för att koppla 

samman de 57 jordskred som har exakt datum med de avrinningsområden som 

återfinns i S-HYPE, varpå fyllnadsgraden kunde hämtas. Jordart och lutning har 

också behandlats i ArcGIS 10.5. Excel har använts för att bearbeta data och 

producera histogram, grafer och tabeller. SPSS användes för att göra en PCA 

(Principialkomponentanalys) och en envägs ANOVA (Variansanalys).  

Resultaten visar att mer än hälften av alla jordskred för modellen för små magasin 

hade en fyllnadsgrad mellan 70-100%, medan mer än hälften av alla jordskred för 

modellen för stora magasin hade en fyllnadsgrad mellan 35-70%. Detta visar att för 

mer än hälften av jordskreden, för modellen för små magasin, kan grundvattnet ha 

spelat en stor roll. Trenden på fyllnadsgraden visas bättre för modellen för stora 

magasin. Få jordskred inträffade i en lutning större än 20 grader. Enda jordgruppen 

som inträffade i brantare lutningar var morän. De tre komponenterna extraherade 

från PCAn indikerar klimat-, geologi- och lutningsförhållanden. Fler parametrar 

såsom närhet till vattendrag eller mänsklig aktivitet i området, skulle vara av intresse 

att inkludera i fortsatta studie om huruvida S-HYPE kan användas. Jämförelsen 

mellan de sex utvalda jordskreden visade på att för alla förutom två, vilka hade 

skillnader i geologi, hade jordskreden inträffat under höga grundvattennivåer och 

ökande fyllnadsgrad för båda modellerna. 

Resultaten visar att S-HYPE kan användas när man tittar på risken för att ett 

jordskred ska inträffa, om förhållandena på platsen är kända. Dock mindre som ett 

enskilt verktyg för att förutspå jordskred. Användning av S-HYPE inom 

skredriskbedömningar förutsätter således att även andra parametrar måste vara 

kända, såsom känsligheten i jordlagrets stabilitet för ändringar i grundvatten. 

Fortsatta studier behövs därför för att ytterligare påvisa användningen av S-HYPE 

vid skredriskbedömningar. 
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Introduction 

Landslides are movements of mass such as rock, detritus or soil, where the 

movements are caused mainly by gravity. Landslides can cause changes or damage to 

infrastructure as well as loss of life. They can for example reduce the amount of land 

for cultivation, which changes the productivity of the area. However, landslides also 

affect the natural environment as well as being a part of the geomorphic evolution. 

(De Blasio, 2011) 

Climate change, partly caused by humans, contributes to changes in 

evapotranspiration and precipitation. This in turn changes the hydrological 

equilibrium of the soil, which can cause movements and therefore also landslides 

(Collison et.al, 2000). Climate models suggest that in the future Sweden will have an 

increase in the amount of precipitation due to climate change. This in turn will cause 

increased and varying groundwater levels which will increase the risk of landslides or 

mudflows (Caragounis, 2014). 

Natural disasters are costly for the community, and each year about 200 million 

Swedish kronor go into restoring land after a landslide. In Sweden, the soil most 

prone to landsliding is clay. Many roads and railways are built on this soil type, 

which for the most part is avoided, however when there is no option one must decide 

how large the risk of a landslide is in that area. There are several organisations which 

come together in the work on predicting landslides and produces guidelines on how 

to assess the risk of landslides or erosion. There is also a web service which can be 

used. These organisations are; Swedish Geological Survey (SGU), Swedish 

Meteorological and Hydrological Institute (SMHI), Swedish Geotechnical Institute 

(SGI), Swedish Civil Contingencies Agency (MSB) and Lantmäteriet (LM). (SGU, 

n.d.) 

According to MSB (2010) the parameters which are considered when looking at the 

instability of a slope is:” topography, the topography of the bottom of a watercourse if 

one is present, the depth of the soil, area and qualities of the soil, groundwater 

conditions, pore pressure conditions at different levels in the soil, any loadings on 

the slope, ongoing erosion, land use and what future changes that can affect the 

stability of the slope”. The geotechnical investigations become more expensive when 

more detailed information is needed. Such case, where a more detailed investigation 

is needed is if one considers that the slope needs stabilisation. If the slope is 

considered somewhat stable no extensive investigation is needed. (MSB, 2010) 

Models that are used today in the work of predicting instability of a slope often give 

too low values, sometimes also statistically unreasonable values. When considering 

the groundwater conditions of a slope one must be aware that this parameter can be 

rather complex as there are both negative and positive values on pore pressure and 

that there can be several different groundwater levels in the area. There is therefore a 

need for those models to develop to be able to describe the groundwater level and the 

different pore pressure situations and what it means to the stability of the slope 

(MSB, 2008). One model that was developed by Dixon and Brook (2007) was 
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developed by them looking at a landslide in England that was happening rather 

slowly and how it was affected by the precipitation. Similar comparisons in Sweden 

have not gone into depth as this model did. Another thing which is lacking from 

previous models is looking at a long-term change in pore pressure and groundwater 

level as models that are used today predict based on data collected during a short 

period of time (1-3 months) (MSB, 2008). 

One modelling tool which might be useful in the work of predicting landslides is S-

HYPE. S-HYPE is a modelling tool in which a filling degree, % of groundwater 

aquifers, is calculated from groundwater levels for each day for 37,000 

subcatchments in Sweden (SMHI & SGU, n.d.). This project investigates the 

potential of using the filling degree from S-HYPE to help predict landslides. As 

landslides are not only caused by changes in groundwater, other parameters such as 

precipitation, slope and soil type are also investigated. Programmes used were 

ArcGIS 10.5, Excel and SPSS (Statistical Package for Social Sciences) to create and 

process the data. 

 

Aim and objectives 

The main aim of this project is to investigate whether the modelled filling degree 

from S-HYPE can be used in the work of predicting landslides. Additionally, the 

study examines whether the trend in filling degree 5 and 10 days before the landslide 

is important. Furthermore, the study seeks to establish any possible effects on slope 

stability due to soil type, precipitation or slope of the ground. 

The sub-goals of this project are: 

• To analyse the filling degree of aquifers at the event of documented landslides 

using landslides from SGI’s landslide database and S-HYPE modelling of 

corresponding subcatchments. 

• To analyse the filling trends of aquifers in relation to the time of the landslide. 

• To analyse the importance of soil type and topography for documented 

landslides.  

 

Background 

Definitions and causes of landslides 

De Blasio (2011) defines a landslide as: "movement of rock, detritus or soils caused 

by the action of gravity". To characterise landslides further, from other movements of 

mass, the density of the moving mass should be 10% greater than the density of 

water (De Blasio, 2011). Landslides are not only described with their typical 

movement, such as fall, slide or flow, but are also described by the soil type where the 

movement is taking place, such as rock fall. The explanation or definition of a 

landslide is therefore not always easy. The occurrence of landslides in Sweden differs 
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between the southern and northern parts of the country. In southern Sweden, most 

landslides occur during the months August through December, but in northern 

Sweden most landslides occur during the months February through May. Due to high 

precipitation in the fall and snowmelt in the spring, water is abundant during both 

seasons. (Caragounis, 2014). 

The stability of the slope depends on the equilibrium between the driving (shear 

stress) and resisting forces (shear strength), when disrupted a landslide occurs (Van 

Beek, 2008). The slope is stable when the shear strength of the material exceeds the 

stress exerted on it. The factor of safety (FOS) describes these forces and is in its 

easiest form the ratio between maximum shear strength over the shear stress (Eq. 1). 

The slope is stable if FOS is ≤1 (Van Beek et.al, 2008).  

𝐹𝑂𝑆 =
𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 (𝑠ℎ𝑒𝑎𝑟 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ)

𝐷𝑟𝑖𝑣𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 (𝑠ℎ𝑒𝑎𝑟 𝑠𝑡𝑟𝑒𝑠𝑠)
                                            [1] 

Examples of when the equilibrium between the driving and restoring forces is 

disrupted is firstly by a change in loading of the slope, which increases the shear 

stress. This happens for example during construction of new housing. Eroding of the 

toe of the slope decreases the shear strength, which is another example of when there 

is a disruption in the equilibrium. The last example is when there is a decrease in the 

strength of the soil, which can be caused by an increase in groundwater level which in 

turn increases the pore pressure. Increase in pore pressure decreases the shear 

strength. (Caragounis 2014) 

The shape of the slope may interact with the stability of the slope. The two shapes 

which can be discussed are concave and convex slopes. The one being more unstable 

is the convex slope (Lee, 2013). However, convex slopes disperse water, which means 

that no water accumulates that could impose erosion or instability to the slope 

(Graham & Indorante, 2017). 

High groundwater levels are a common trigger of landslides. Rising groundwater 

level could cause several different things, examples of such things are rise in pore 

pressure and decrease in suction in the soil (Iverson, Reid & LaHusen, 1997). Rising 

pore pressure in the soil will reduce the shear strength. Regarding rise in pore 

pressure all types of soils are involved. How rapid the changes are in the soil depends 

on its permeability (Rogers & Selby, 1980). The decrease in suction will in turn 

decrease cohesion and the shear strength will be reduced. This in turn causes some 

instabilities to the slope (Iverson, Reid, & LaHusen, 1997). 

 

Soil types 

Soils can be divided into two main groups, which are organic soil and mineral soil. 

Peat and gyttja are two examples of organic soil. Mineral soil can be divided into 

smaller groups, which are dependent on the grain size (Caragounis, 2014). The 

Swedish Geotechnical Society has a grain group scale which is used when 

determining the different mineral soil groups (Table 1). Till contains a variety of 
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grain sizes and is called either for example sandy or silty till depending on its 

composition (Hilldén & Sundevall, 2010). 

Table 1. The Swedish Geotechnical Society’s grain group scale (Hilldén & Sundevall, 2010) 

 Grain size [mm] 

Clay <0.002 

Silt 0.002-0.06 

Sand 0.06-2 

Gravel 2-60 

Stone, boulders 60->600 

 

There is either a glacial or postglacial origin to the soil groups silt and clay. Those 

with a glacial origin settled in the sea or the ocean by following the streams created 

by the ice. These sediments are often structured in definable layers of dark coloured 

clay to light coloured silt. One layer represents one year of sedimentation, where 

changes in material transport can be detected. The postglacial silt and clay, on the 

other hand, were settled in the sea and the ocean after the ice age through streams 

and waves eroding on the surface. In this case, the layers are not as defined as for the 

glacial silt and clay (Hilldén & Sundevall, 2010). Landslides in finer sediments such 

as silt and clay often happens when the ratio between length and height is greater 

than 1:10. Often the soil has contact with streams that contributes to the instability of 

the slope (Caragounis, 2014). 

Sand and gravel are often well sorted and layered. They are most often deposited at 

shallower waters. The range of grain size can vary within the same deposit. In 

Sweden sand and gravel have formed characteristic shapes, for example eskers. Due 

to the uplift of the land sand and gravel are often covering finer sediments that have 

been deposited at deeper waters. (Hilldén & Sundevall, 2010). Landslide in more 

coarse-grained soils, such as sand and gravel, happens when there are periods of 

snow melt or high amounts of precipitation. It can also be caused by intense erosion 

due to higher amounts of runoff (Caragounis, 2014). 

The creation of till happened when the ice scraped and crushed the material beneath. 

This material was often previous layers of soil or the bedrock. Till is an unsorted soil 

type which can contain any grain size. Larger amounts of sand and gravel can often 

be found in till. In most cases the till lays directly on the bedrock (Hilldén & 

Sundevall, 2010). Landslides in till often happens at steep slopes, often after a period 

of heavy rain (Caragounis, 2014). 

Filling can consist of any type of material such as organic material, left-overs from 

construction and crushed rock. The qualities of filling vary with what type of material 

that it consists of and the groundwater conditions. The filling can be anything 

between compact to being more loosely deposited. It is often hard to determine the 

exact qualities. (Lundström, Odén & Ranakka, 2015) 
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The physical characteristics of the soil determines whether the soil can hold water or 

if the water is able to flow through the soil. The ability of the soil to hold water 

depends on the soil's porosity. Porosity is described as the total amount of voids in 

the soil compared to the total volume of the soil (Hiscock & Bense, 2014). If the 

porosity is high the soil can hold water and if the water is going to be able to flow 

through the soil these voids must be connected (Caragounis, 2014). The ability for 

water to flow through the soil is denoted as the soil's permeability and its coefficient 

hydraulic conductivity is used to describe the ability for fluids to flow through the 

soil. Coarse-grained soils, sand and gravel, have low porosity and high permeability 

whereas fine-grained soils, clay and silt, have high porosity and low permeability 

(Hiscock & Bense, 2014). 

 

Method 

This section firstly contains a theoretical presentation of S-HYPE, PCA (Principle 

Component Analysis) and one-way ANOVA (Analysis of Variance). This is then 

followed by a description of the data used for this project. The last part explains the 

work plan, which describes the process of connecting the landslides to their 

respective subcatchment, the gathering of the filling degree, determining the 

topography at each landslide and the gathering of precipitation and groundwater 

level.   

 

S-HYPE 

In 2008, SMHI developed, as part of the EU water framework directive, a 

hydrological calculation model called HYPE (Hydrological Predictions for the 

Environment) (SMHI, 2017a). HYPE is used for calculating nutrient transport and 

identifying the presence of all types of waterbodies. S-HYPE was developed from the 

HYPE model, to be more adapted to Sweden. S-HYPE contains of around 37,000 

subcatchments. Each subcatchment is described as an assortment of land classes. 

One land class contains both soil type and land use, where there are different values 

on the parameters for each combination of soil and land use (Table 2) (Strömqvist 

et.al, 2012). 
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Table 2. Land use and soil type in S-HYPE (Strömqvist et.al, 2012) 

Land use Soil types 

Forest 

Cultivated 

Lake 

Urban 

Glacier 

Other without vegetation 

Other with vegetation 

Bogs, fens and wetlands 

Bare mountains 

Fine-textured soil 

Coarse-textured soil 

Glacial till 

Peaty soil 

Shallow soils and outcrop 

Undefined (lakes, urban areas etc.) 

 

 

The main input data to the S-HYPE model are firstly metrological data which are 

precipitation and air-temperature. Geological data in the form of soil type, 

subcatchment areas, land use, elevation and hydrographical network. There is also 

input in the form of lake information such as depth, regulation rules and rating 

curve. The soil nutrient content is included and agricultural practices. The 

agricultural practices include fertilizer application, sowing and harvesting. The last 

input value is emissions which are nutrients from storm water, wastewater and 

industry wastes, atmospheric deposition and emissions from rural households. 

(Strömqvist, et.al, 2012) 

Handling snow accumulation and melting as well as water flow through soil, there is 

a routine of using daily time steps. Infiltrated water from precipitation and melting 

snow is done in the top layer of the soil. Surface runoff will be the case if the amount 

of water is exceeded at the top soil layer. The ability to hold water for each soil layer 

is decided by three parameters. The first parameter is the water which is not 

available for evapotranspiration. The second is water that is available for 

evapotranspiration, but not available to drainage. The third and last parameter is 

water that is available to drainage. (Strömqvist et.al, 2012) 

The S-HYPE model calculates groundwater levels and describes all classes that 

occurs in each of the 37,000 subcatchments. Groundwater levels are calculated in 

present time, in S-HYPE, by comparing the groundwater levels between the years 

1961-2014. For each subcatchment the values are represented as small/fast and 

large/slow reservoir models. This has been done for all subcatchments even though 

there might not be any large or small reservoirs in the area (SMHI & SGU, n.d.). In a 

small reservoir, the groundwater level is usually shallower, which means that the 

groundwater in the smaller reservoir model tends to react faster than in the larger 

reservoir model. The model for the small reservoir responds to changes in 

groundwater conditions between a couple of hours to 1-2 weeks, whereas the 

response time of the large reservoir model is one month to several months. The small 
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and large reservoir models are therefore also called fast and slow groundwater 

reservoir models. The small reservoir model is denoted as till and the large reservoir 

model is denoted as glaciofluvial material (Lagergren, 2014). The larger reservoirs 

are found in deposits of sand or gravel and are often used for municipal water. 

Smaller reservoirs are often found in till, which are used when deciding the level of 

groundwater in a common dug well (SMHI & SGU, n.d.). 

Lagergren (2014) states that the modelled results of the groundwater level respond 

faster with larger soil depths. This is explained by the fact that there have been 

relatively small soil depths assumed in the calculations in the S-HYPE model. 

Lagergren (2014) states that S-HYPE can calculate the filling degree with good 

accuracy for both reservoir models. However, S-HYPE assumes shallow soil depths, 

which is not usually the case of a large reservoir, which means that the model of a 

small reservoir gives somewhat better accuracy than the large reservoir model. 

(Lagergren, 2014) 

 

Principle Component Analysis (PCA) and Analysis of Variance (ANOVA) 

PCA is a multivariate statistical method used for searching for linear combinations 

between variables that have the largest variance (Härdel & Simar, 2015). Rotation 

methods used in PCA are for example the varimax method which assumes that 

factors are correlated. The oblimin method, which is another rotation method, on the 

other hand, assumes that the variables are correlated (Osborne & Castello, 2009). 

Correlations which are less than 0.3 is stated, by Mukaka (2012), to have less useful 

meaning. One often uses a PCA to reduce the parameters for a multiple linear 

regression. The multiple linear regression will use multiple independent variables 

and one dependent variable and determines whether a linear relationship exists 

between them (Armstrong & Hilton, 2010). 

The KMO (Kaiser-Meyer-Olkin) and Bartlett’s Test of Sphericity can be used for 

interpreting whether a PCA is useful or not. The KMO indicates “the proportion of 

variance that is common”. If the value is close to 1 the PCA could be useful. The 

Bartlett’s Test of Sphericity shows if the variables are unrelated by the correlation 

matrix being the identity matrix. The value from the Bartlett’s Test of Sphericity 

should be less than 0.05. (Varol, 2011) 

In SPSS the scree plot from a PCA is used for understanding how many components 

that are out of use for the PCA. Components with an eigenvalue larger than one are 

most useful. Together with this one can use the table of total variance explained to 

know the importance of each component. The cumulative percentage of the total 

variance explained should lay between 60-70%. The component matrix is useful 

when looking at knowing what parameters that are correlated to each component 

that are extracted from the PCA. (Beaumont, 2012) 

One-way ANOVA is used when one wants a more advanced independent t-test. This 

analysis often consists of three or more independent groups. In the one-way ANOVA, 
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the average value is compared between the different groups. The results show if the 

difference between the groups are significant or not. The significance level lays at 

<0.05. If the difference is significant one knows that the difference between the 

groups is larger than that within a one group. In the one-way ANOVA one can also 

use a post-hoc test. Examples of post-hoc tests, that are most often used, is LSD 

(Fisher’s Least Significant Difference) and Tukey. The LSD post-hoc analysis can 

more easily acknowledge differences which are significant, whereas Tukey lays 

somewhere in between all other post-hoc tests. Both post-hoc tests are used in this 

project. (Rissanen, 2013) 

 

Data description 

The data used in this project are SGI's landslide database, subcatchment areas which 

are used in S-HYPE, SGU's soil type maps; Jordarter 1:1miljon (SGU, 2014b) and 

Jordarter 1:25000 - 1:100000 (SGU, 2016) and Lantmäteriet's height model GSD-

Höjddata, grid 2+ (Lantmäteriet, 2016). The extraction of the soil type maps and the 

height model was from GET (Geodata Extraction Tool). Data regarding the 

subcatchment areas, which corresponds to those in S-HYPE, was downloaded from 

SMHI’s water web (SMHI, 2012). Precipitation data were gathered from SMHI’s air 

web (SMHI, 2017b) and measured groundwater levels was taken from SGU’s 

measuring stations (SGU, 2014b). Information about the used data are presented 

below. 

SGI's landslide database was gathered from SGI and is publically available as web 

service (SGI, 2015a). This landslide database was used to obtain the coordinates and 

width of the landslides. The soil type maps from SGU were used to assign a soil type 

to each landslide. The height model was used to obtain the slope of each landslide. 

Precipitation data were used to investigate the effect of precipitation on the filling 

degree in the S-HYPE model. The groundwater level was used to compare the 

modelled filling degree to actual measured values. 

 

SGI landslide database   

This database contains collected information about landslides that have occurred in 

Sweden. The total number of landslides recorded are 1,206 which are represented as 

points. 57 landslides have an exact date of the event and these landslides are used in 

this project. The coordinate system which is used is the SWEREF 99 TM. Some of the 

information that can be taken from this database is the date of the incident, 

coordinates, average width, average area, average length, type of landslide and a 

production scale. The production scale shows the accuracy of the point. The 

information has been gathered through several different sources. Such sources are 

scientific literature, information from local emergency agencies, reports and media. 

As some of the information about the landslides have been taken from sources such 
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as the media, the reliability of the information can be questioned. It is also stated 

that the information has been gathered with limited time resources. (SGI, 2015b) 

  

SGU soil type 

Jordarter 1:1miljon shows the main features of the Swedish surficial geology and is a 

product of several soil type maps with different precisions merged together. Due to 

that, these data only show the main features of the Swedish geology. There are some 

limitations to this dataset. The smallest land area presented is 1 km2. This dataset is 

intended to be used for analysis on a national scale. (SGU, 2014b) 

Jordarter 1:25000 - 1:100 000 is a dataset which shows the surficial soil and how it 

is distributed. The soil types are divided into groups depending on their geneses and 

grain size. This dataset is a product of the merging of the previous datasets Jordarter 

1:50 000 and Jordarter 1:100 000 – 1:200 000. (SGU, 2016) 

The mapping of the different soil types has been done through several different 

methods (Table 3). The geology may have varied for these methods as well as the 

production scale (1:25000 to 1:100 000). Errors are most commonly caused by a 

generalisation for readability, different interpretation from different people or that 

the soil type is hard to interpret. There are also some uncertainties regarding the 

position of the soil type. This error is smaller when digital models and orthophotos 

have been used and larger when the soil type is based on older topographical 

material (1969-1970). There has been a more thorough mapping in urban areas and 

therefore the results of this dataset are more reliable for urban areas. (SGU, 2016) 

Table 3. The mapping method, recommended presentation scale and the estimated position 

error for the gathering of the soil maps 

Mapping method Recommended 

presentation 

scale 

The estimated 

position error 

(metres) 

Comprehensive field mapping 

by foot 

1:25 000 25 

Interpretation of aerial photos 1:50 000 50-100 

Comprehensive field mapping 

by foot 

1:50 000 50-75 

Interpretation of aerial photos 1:100 000 100-200 

 

Height data 

The name of the file containing the height data is GSD-Höjddata, grid 2+. The height 

data is collected through laser scanning from an airplane from a height of 1,700-

2,300 m. From each of the laser point a terrain model is made, which is the form of a 

grid. The height data used in this project are presented as a 2 m grid. The coordinate 
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system is SWEREF 99 TM, but can be changed into any regional SWEREF zone. The 

height model can be sensitive for single points, which are not correct, which will have 

an effect the result. (Lantmäteriet, 2016) 

 

Groundwater level and precipitation 

The groundwater level data were gathered from SGU's groundwater database which 

is called "Grundvattennivå tidsserier". These data show the variation in groundwater 

from about 300 different measuring stations. Each of these 300 stations is grouped 

which results in about 70 different areas. The level of groundwater is measured 1-2 

times each month and is a slow reacting measurement. These data are often used as 

references for calculation of resources. It is stated that the quality of these data 

varies. The level of groundwater is stated as metres below the ground surface, metres 

above sea level or centimetres below the pipe's lower edge. In this project metres 

above sea level was used (SGU, 2014a). The groundwater condition measured at 

these measuring stations is assumed to be the same in a radius of about 50 

km(Thunholm, 2015). 

The precipitation data used were interpolated values from SMHI's air web. It is based 

on grid data which has a resolution of 4x4 m. It contains both temperature and 

precipitation data, which is recorded between the years of 1960-2010. (SMHI, 2017b) 

 

Subcatchments 

This dataset (Aro_y_2012_2) shows the subcatchments which are used in the S-

HYPE model, over the whole of Sweden. The subcatchments are defined by their 

water divides which can either be by the surface of the ground or the surface of the 

defined area's lakes. The discharge from the subcatchment area is defined to have the 

same outlet, which is a given point in a stream. The shapefile contains 52,778 

polygons which represent the 37,000 subcatchments. The shapefile contains some 

information on the identity number of the subcatchment, surface code according to 

SMHI (which tells if there is water or land), name of the subcatchment, inflow and 

outflow objects and area of the subcatchment. (SMHI, 2012) 

 

Work plan 

This section describes the process of gathering and handling the data. The first step 

of this project was to sort out those landslides which had an exact date. When the 

landslides had been sorted and connected to the subcatchments in S-HYPE, the 

information regarding filling degree was gathered. After that, data on the soil type 

and inclination of the ground were gathered. To test the model, measured values of 

groundwater were used and plotted together with filling degree and precipitation 

over a two-year period. PCA was done to investigate the correlation between the 

precipitation, filling degree, inclination and soil type. Further descriptions of the 
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different steps are presented below. The programmes which have been used are: S-

HYPE, ArcGIS 10.5, Excel, and SPSS (Statistical Package for the Social Sciences). S-

HYPE was used to extract the filling degree. ArcGIS was used for spatial analyses and 

to create maps. The data were handled in Excel to create graphs, histograms and 

tables. SPSS was used to conduct the PCA. 

 

Landslide and filling degree 

To locate the landslides within their respective subcatchments in S-HYPE, a shapefile 

from the SMHI (2012) water web was downloaded and put into ArcGIS. From the 

SGI landslide database, there are coordinates for each landslide, which were added 

into ArcGIS and made into a point file. Using these files, each landslide could be 

located to its corresponding subcatchment area. The information gathered in ArcGIS 

was the name of the subcatchment area (SUBID), which then could be found in S-

HYPE.  

As the corresponding subcatchment had been found, the information regarding 

filling degree for each subcatchment containing a landslide could be downloaded. 

The filling degree at the specific date for each landslide was then determined. 

Additionally, the information about the filling degree during 5 and 10 days before the 

landslide was gathered. The filling degree at the exact date of the different landslides 

were put into a histogram. The trend of the filling degree 5 and 10 days before the 

landslide was determined by using trendline in Excel, where the result of this was put 

into a table. Later in the study, the filling degree over a two-year period, 1 year before 

the landslide and 1 year after the landslide, was gathered for some selected 

landslides. 

The location of the 57 landslides, which had an exact date, are mostly found around 

the west coast of Sweden, there are also some clusters in the north-west part and 

some on the east coast (Fig. 1). 
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Figure 1. Map of the location of the 57 landslides. Background map: ©SMHI, 2012. 

 

Soil type 

The connecting of the landslides to their respective soil types was done in ArcGIS. 

The point data of the landslides and how they were distributed over Sweden was used 

and the products Jordarter 1:1miljon and Jordarter 1:25 000 – 1:100 000.  

Jordarter 1:25 000 – 1:100 000 was the primary resource, but Jordarter 1:1miljon 

was used in areas not covered by the more detailed dataset. About 20 different soil 

types were sorted down to 5 soil groups to make it more graspable. These soil groups 

were clay-silt, sand-gravel, filling, till and rock. Some of the landslides had an 

unclear definition regarding soil type. The soil type was therefore chosen by 

considering the surrounding environment and what type of landslide that had 

occurred. Landslides located in fluvial material was assumed to be within the soil 

group clay-silt, as this fluvial material often is a thin layer which has got silt 

underneath, where the groundwater presumably occurs, underneath. 
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Slope 

To estimate the slope angle where the landslides occurred, the GSD-Höjddata, grid 

2+ data were used. This was downloaded into ArcGIS and changed from height data 

with the tool Slope (Spatial Analyst) into inclination. As the landslides are not only a 

point the average width of the different landslides was used. Some of the landslides 

had no data on the average width. For these landslides, an average width from all 

other landslides, with data on width, was used. From that buffer, with the tool Buffer 

(Analysis) in ArcGIS, was made of the points that marks the landslides, which 

created a circle that represents the landslide area. The average inclination from all 

pixels within that buffer zone was calculated, by using the tool Zonal Statistics as 

Table (Spatial Analyst). All the data on the degree of slope was then put into a table 

with the other information about filling degree and soil type. 

 

Precipitation and groundwater level 

When considering how the precipitation would interact with the filling degree from 

S-HYPE six landslides were used as benchmarks. Regarding the precipitation 

coordinates had to be changed from RT90 into SWEREF 99 TM. Accumulated 

precipitation was then gathered for all landslides and the top three, which had the 

highest accumulated precipitation and bottom three, with lowest accumulated 

precipitation, were chosen. This was not the only criteria when choosing which 

landslides to compare with precipitation and groundwater level. The requirement 

that landslides be within a radius of 50 km from a measuring station for groundwater 

level was also used. The data on precipitation and groundwater level was then plotted 

against the filling degree for both models over the two-year period. 

 

PCA and ANOVA 

The PCA was done in SPSS using the data regarding soil type, slope, filling degree at 

the event of the landslide in both small and large reservoir models and accumulated 

precipitation during 15 days before the landslide and at the event of the landslide 

were used. Here precipitation at the day of the landslide was also gathered. The soil 

type, as it is not a numeric value, was divided into groups where 1 was put to the soil 

type which was the least sensitive to landslides and 4 to be the most sensitive to 

landslides. The result of this assumption was 1: Till, 2: Filling, 3: Sand-gravel, 4: 

Clay-silt. This assumption was based on the results retrieved from previous work of 

this project as well as the background information of this project. As stated earlier, 

the oblimin method was used for this analysis. 

The one-way ANOVA was also conducted in the program SPSS. The test was made 

for the filling degree for the small and large reservoir model and for comparing the 

filling degree for different slope intervals. Other results, such as slope of the ground 

and filling degree for the different soil groups a one-way ANOVA could not be made 

as some groups contained only one landslide. The post-hoc tests used were the LSD 
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and Tukey. The one-way ANOVA was done in SPSS by using the data of the filling 

degree and then denote each value of filling degree with its group number. There are 

three different groups where 1 stands for 0-35% of filling degree, 2 for 35-70% filling 

degree and 3 for filling degrees that are above 70%. 

 

Result 

The filling degree, soil type and slope on the date of each landslide can be seen in the 

appendix. For the filling degree on the day of the landslide more than half of all 

landslide in a small reservoir happened at a filling degree of 70-100% (Fig. 2). In the 

large reservoir model, more than half happened at a filling degree of 35-70% filling 

degree (Fig. 3). Highest average and median value is found for the small reservoir 

model. The lowest minimum value and the highest maximum value of the modelled 

filling degree are for the small reservoir model (Table 4). 

The ANOVA-test for the two reservoirs showed that the groups are significantly 

different from each other for both reservoir models, meaning that there is a larger 

difference between the groups than within each group. It was also shown that all 

groups are different from each other. 

 

 

Figure 2. Histogram of the filling degree, for small reservoirs, on the day of the event for the 57 
different landslides. 
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Figure 3. Histogram of the filling degree, for large reservoirs, on the day of the event for the 57 
different landslides. 

 
Table 4. Average, median, minimum and maximum value of filling degree for large and small 

reservoir on the day of the event for the 57 different landslides 

 Filling degree small 

reservoir 

Filling degree large 

reservoir 

Average value 70.9 55.2 

Median 84.1 54.6 

Mini 5.8 22.8 

Max 99.1 98.7 

 

The trend for the small reservoir model shows an almost equal distribution between 

the landslides, whereas in the large reservoir model more than half of the landslides 

had a positive trend before the landslide (Table 5). 

Table 5. Number of landslides with negative and positive trend in filling degree, 5 and 10 days 

before the landslide 

 Negative trend Positive trend 

5 days, small reservoir 28 29 

10 days, small 

reservoir 

31 26 

5 days, large reservoir 20 37 

10 days, large 

reservoir 

20 37 
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5 landslides happened in filling, 21 in clay-silt, 25 in sand-gravel and 5 in till. One 

landslide, with rock as soil type, had a filling degree of 60% for the small reservoir 

model and 57% for the large reservoir model. Almost half of all landslides in clay-silt 

and sand-gravel happened at a filling degree of 70-100%. Majority of all landslides, 

for the small reservoir model, happened at a filling degree of 70-100% for the soil 

type till. For the soil type filling the filling degree is more spread out (Fig. 4). 

For the large reservoir model, almost half of the landslides in clay-silt and sand 

gravel happened at a filling degree of 35-70%. Landslides in till happened at higher 

filling degree (higher than 35%) for the large reservoir model, whereas landslides in 

filling happened at lower filling degree (less than 70%) (Fig. 5). 

 

 

Figure 4. Histogram of the filling degree in small reservoirs at the time of the landslide for the 
different soil groups. 

 

Figure 5. Histogram of the filling degree in large reservoir at the time of the landslide for the 
different soil groups. 
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The landslide, which occurred in rock, had a slope angle of 13 degrees. No landslide 

occurred at a slope greater than 30 degrees. One can see that for the soil group 

filling, most landslides occurred at a flatter slope, between 0-10 degrees. In the soil 

group till the slope were higher, between 10-30 degrees. Landslides in clay-silt and 

sand-gravel happened almost equally distributed between the intervals 0-10 and 10-

20 degrees (Fig. 6). The average slope angle is highest at clay-silt and lowest in 

filling. The highest maximum and lowest minimum slope angle can be found in sand-

gravel (Table 6). 

 

 
Figure 6. Inclination of the ground at the site of the landslide for the different soil types. 

 
Table 6. Average, median, minimum and maximum slope of the ground for the different soil 

groups 

 Filling (n=5) Clay-silt 

(n=28) 

Sand-gravel 

(n=18) 

Till 

(n=5) 

Average 3 13 7 18 

Median 2 13 6 18 

Min 8 4 1 11 

Max 9 25 13 23 

 

26 landslides happened at a slope interval 0-10 and 10-20 degrees and 5 landslides 

happened at the slope interval 20-30 degrees. For the slope interval 0-10 degrees the 

most outstanding result is for the large reservoir where 20 out of 6 landslides 

happened at a filling degree of 35-70%. The filling degree for the small reservoir, 

however, is more spread out (Fig. 7). For the slope interval 10-20 degrees 22 out of 

26 landslides happened at a filling degree 70-100% in the small reservoir model. For 

the large reservoir model, almost half of the landslide had a filling degree of 35-70% 
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and half of them 70-100% (Fig. 8). Spread in filling degree for the slope interval 20-

30 degrees is larger than for the other two slope intervals, however the same 

tendencies can be seen for this slope interval as for the slope interval 10-20 degrees 

(Fig. 9). The highest average value of filling degree can be found for the small 

reservoir with the interval of 10-20 degrees. Highest maximum filling degree are for 

the small reservoir model for the interval 0-10 and 10-20 degrees (Table 7).  

ANOVA-test could be conducted for the slope intervals 0-10 and 10-20 degrees for 

the small reservoir model and 20-30 degrees for the large reservoir model. For the 

slope intervals 0-10 and 10-20 degrees for the small reservoir model the results from 

the ANOVA showed that there is a significant difference between the groups, where 

the difference is found between all groups. For the large reservoir model with the 

slope interval 20-30 degrees there were no significant difference between the groups. 

No post-hoc test could be done, because the data consisted only of two groups, for 

the slope interval 0-10 degrees for the large reservoir, however the results showed 

that there is a significant difference between the group. For the other slope intervals, 

no ANOVA-test could be made due to that the data consisted of one sample in one 

group. 

Figure 7. Histogram of the filling degree, at the time of the landslide, in the inclination interval 
of 0-10 degrees for small and large reservoir. 
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Figure 8. Histogram of the filling degree, at the time of the landslide, in the inclination interval 
of 10-20 degrees for small and large reservoir. 

 

 
Figure 9. Histogram of the filling degree, at the time of the landslide, in the inclination interval 
of 20-30 degrees for small and large reservoir. 
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For the PCA results the KMO was 0.642 and the significance of the Bartlett’s Test of 

Sphericity was 0. This means that a PCA may be relevant for this case. The meaning 

of the letters in table 8 and 9 and figure 11 are: 

 

a = soil group 

b = slope of the ground 

c = filling degree, small reservoir, on the day of the landslide 

d = filling degree, large reservoir, on the day of the landslide  

e = precipitation on the day of the landslide 

f = accumulated precipitation during 15 days 

 

Three components were extracted for this PCA, as 77% of the variance could be 

explained by these three components. Another reason to choose three components 

can be explained by the scree plot. The vertical change goes more horizontal at the 

third component and could be recognised as the elbow between the six different 

components. The third component has got an eigenvalue lower than 1 (Fig. 10), 

however, three components were extracted as they explain 77% of the variance.  

 
    Figure 10. Scree plot of the PCA. 

The first component explains about 41% of the variance, the second component 22% 

and the third component 14%. The highest component loading, the correlation 

between the variables and the three components, for the first component are for 
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filling degree for the small reservoir and precipitation. These parameters explain the 

climate. The highest component loading for the second component is for the soil 

type, which in this case would explain the geology of the site. Two other parameters, 

for component two, which have a correlation higher than 0.3, are filling degree of the 

large reservoir model at the day of the landslide and precipitation at the day of the 

landslide. The third component has got the highest component loading for the slope 

of the ground. Soil type and filling degree in a small reservoir have a correlation 

higher than 0.3 for component 3 (Table 8; Fig. 11). The components can therefore be 

indicators of geology, climate and slope.  

 
Table 8. Component matrix 

 

Component 

1 2 3 

a -0.267 0.750 0.304 

b 0.585 0.316 -0.655 

c 0.757 0.103 0.468 

d 0.602 0.592 -0.131 

e 0.628 -0.561 -0.053 

f 0.841 -0.078 0.264 
 

 
                 Figure 11. Component plot in rotated space for the three different components.  

All correlations above 0.3, which are stronger correlations, are marked in bold (Table 

9). The highest correlation is found between the variables c and f, which are the 
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filling degree at the day of the landslide in a small reservoir model and the 

accumulated precipitation during 15 days. This is followed by e and f, which is 

implicitly as both variables describe precipitation (precipitation on the day of the 

landslide and accumulated precipitation during 15 days). The soil group, variable a, 

and the slope, variable b, have the weakest correlation to the other variables. The soil 

type has got a highest correlation with precipitation at the event of the landslide. The 

slope of the ground, has a highest correlation to the filling degree for the model of a 

large reservoir at the event of the landslide (Table 9). 

         Table 9. Correlation matrix 

 a b c d e f 

Correlation a 1.000 -0.017 -0.042 0.080 -0.365 -0.196 

b -0.017 1.000 0.238 0.441 0.252 0.286 

c -0.042 0.238 1.000 0.386 0.338 0.600 

d 0.080 0.441 0.386 1.000 0.007 0.404 

e -0.365 0.252 0.338 0.007 1.000 0.484 

f -0.196 0.286 0.600 0.404 0.484 1.000 

 
To get a general idea of how the modelled filling degree of the two models occur 

together with precipitation and how the modelled filling degree compare to 

groundwater measured from a station, six landslides were chosen to be compared. 

Three landslides have low accumulated precipitation (Ballabo, Hummleholm and 

Agnesbergsskredet) and the last three (Sättnaån, Skallböldeskredet and Lerum) has 

got high amount of accumulated water. The accumulation of precipitation is during 

15 days. The filling degree for the three landslides with low accumulated 

precipitation the modelled filling degree is also lower than that of the three 

landslides with high accumulated precipitation (Table 10). 
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Table 10. Information about the 6 different landslides 

 Balla

-bo 

Humm-

elholm 

Agnesberg-

skredet 

Sättna-

ån 

Skallböld-

eskredet 

Ler-

um 

Filling 

degree in 

small 

reservoir 

38.6 95.3 29.3 95.6 95.6 98.2 

Filling 

degree in 

large 

reservoir 

24.1 38.3 50 73.6 59.7 77.6 

Precipitati

on 

accumulate

d (15 days) 

[mm] 

0 2.5 6.4 185.2 166.8 141.5 

Inclination 

[degrees] 

3.8 11.6 1.9 10.8 18.6 18.4 

Soil type Clay-

silt 

Sand-

gravel 

Filling Sand-

gravel 

Sand-gravel Till 

 
The groundwater measured from a station follows the filling degree for the large 

reservoir model more than the small reservoir model. The filling degree of the small 

reservoir model follows the events in precipitation. In all cases but Ballabo and 

Agnesbergsskredet, which have different soil groups (clay-silt and filling), the 

landslide has happened where there is an increase in both reservoir models and high 

groundwater levels (Fig. 12; Fig. 13; Fig. 14; Fig. 15; Fig. 16; Fig. 17). 
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Figure 12. Precipitation, filling degree for small and large reservoir and groundwater level for the area of the 

landslide Ballabo during a two-year period. 

 

 

Figure 13. Precipitation, filling degree for small and large reservoir and groundwater level for the area of the 

landslide Hummelholm during a two-year period. 
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Figure 14. Precipitation, filling degree for small and large reservoir and groundwater level for the area of the 

landslide Ballabo during a two-year period. 

 

 

Figure 15. Precipitation, filling degree for small and large reservoir and groundwater level for the area of the 

landslide Sättnaån during a two-year period. 
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Figure 16. Precipitation, filling degree for small and large reservoir and groundwater level for the area of the 

landslide Skallböldeskredet during a two-year period. 

 

 

Figure 17. Precipitation, filling degree for small and large reservoir and groundwater level for 
the area of the landslide Lerum during a two-year period. 
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Table 13). When the filling degree is lower, such as for Ballabo (Table 10), the 

number of times it is exceeded is also higher (Table 12; Table 13). 

 

Table 11. Amount of times the filling degree exceeded 90% during the two-year period, small 

reservoir 

 Total amount of days Number of times 

exceeding 90% filling 

degree 

Ballabo 732 48 

Hummelholm 732 91 

Agnesbergsskredet 731 148 

Sättnaån 731 83 

Skallböldeskredet 731 82 

Lerum 731 177 

 
 
Table 12. Number of times the filling degree at the time of the landslide was exceeded during the 
two-year period, small reservoir 

 Total amount of 

days 

Number of days the 

filling degree was 

exceeded 

Ballabo 732 394 

Hummelholm 732 78 

Agnesbergsskredet 731 541 

Sättnaån 731 24 

Skallböldeskredet 731 29 

Lerum 731 6 

 
 
Table 13. Amount of times the filling degree of the time of the landslide was exceeded during the 
two-year period, large reservoir 

 Total amount of 

days 

Number of times the 

filling degree was 

exceeded 

Ballabo 732 585 

Hummelholm 732 568 

Agnesbergsskredet 731 266 

Sättnaån 731 257 

Skallböldeskredet 731 311 

Lerum 731 162 
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Discussion 

35 of 57 landslides occurred when the filling degree for the small reservoir model 

exceeded 70%. This accounts for 61% of all landslides (Fig. 2) For the large reservoir 

model, however, most landslides happened at 35-70% filling degree (Fig. 3). The 

average value of the modelled filling degree at the event of the landslides was also 

higher for the small reservoir model than for the large reservoir model (Table 4). The 

model for the small reservoir then suggests that high amounts of groundwater in the 

soil may play an important role for 61% of the landslides. The other landslides might 

have had other triggers such as human activity or soil being eroded by streams. The 

filling degree being lower in the large reservoir model might show that landslides in 

larger reservoirs happens at lower filling degree, which could be explained by large 

reservoirs not being as easy to fill up as a small reservoir. 

Looking at the trend of the filling degree before the landslide happened, for the small 

reservoir model, about half of them had a positive trend and half had a negative 

trend. There exists no strong tendency for the trend of the filling degree before the 

landslide for the small reservoir model. For the large reservoir model, 37 landslides 

out of 57, about 65%, had a positive trend (Table 5). It is reasonable that a rise in 

groundwater level would increase the risks of landslides as the pore pressure will 

increase or the suction will decrease, which decreases the slope stability. This 

possible trend is more apparent for the large reservoir model than for the small 

reservoir model. As the large reservoir model is slow reacting the trend of the filling 

degree is more stable than that of the small reservoir model. Another thing which 

could affect this is that small reservoirs fills up more quickly and are quite filled 

when the large reservoirs continues to fill up. Using the trend of the filling degree 

before the landslide for a large reservoir model is therefore more useful. 

Clay-silt for the small reservoir model (Fig. 4) has got more than half in the interval 

of 70-100% filling degree, which could be explained by that the porosity is higher for 

this soil group and the hydraulic conductivity is lower. With these qualities, 

groundwater can build up in the soil. As more than half of the landslides in sand-

gravel happened at 70-100% filling degree, these landslides might have happened 

together with high amounts of precipitation. Till, according to the small reservoir 

model, have all but one in the interval 70-100%, which could be explained by that till 

is a rather small reservoir which fills up quickly. For the soil type filling, which had a 

spread and lower filling degree for both reservoir models can be explained by it being 

an unknown material. Filling can consist of a variety of porosity and permeability. 

Filling is used after, for example, excavations and could therefore be more unstable 

and not depending on the filling degree as much as the other soil groups. The model 

of a small reservoir seems to capture these behaviours of the soil better than the 

model of the large reservoir. 

Most landslides occurred at a slope angle between 0-20 degrees. Till is the one soil 

group where landslides happened at steeper slopes, 10-30 degrees (Fig. 6). This 

confirms the statement from Caragounis (2014) that landslides in till happens at 
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steeper slopes. Filling, with its unknown material, seemed to have happened at less 

steep slopes, 0-10 degrees. This could be due to that the material is less compact or 

that the ground is unvegetated. Most landslides in clay-silt happens at length and 

height ratio >1:10 which is about 5.7 degrees. Only one landslide in clay-silt 

happened below 5 degrees, which proves this statement. Landslides in sand-gravel 

happened almost equally in the intervals 0-10 and 10-20 degrees. No landslides in 

sand-gravel happened at a slope angle greater than 20 degrees. This could be due to 

the high amount of filling degree, which were the case for almost half of the 

landslides in this soil group, which decreases the stability of the slope. Important to 

note here is the uncertainty and the used assumptions in what soil types that are 

represented for each landslide. However, the results show somewhat a realistic view 

of how landslides in these soil groups would behave. 

Another interesting aspect regarding slope of the ground is whether the height data 

was measured before or after the landslides happened. The likelihood of that the 

landslides have happened before the height data was measured could be quite high as 

the height data was updated in 2016. For those landslides where this is the case, the 

calculated slope might be flatter than what the slope was before the landslide.  

The interval of 10-20 degrees for the small reservoir model had many landslides with 

a higher filling degree, 70-100%, which could show that groundwater conditions may 

play a higher role for steeper slopes, but not steeper than 20 degrees. Important to 

note is that more landslides are represented for the slope interval 10-20 degrees, 

which could lead to a less realistic conclusion. One could try to minimise the slope 

angle intervals to establish whether, for example, the interval of 10-15 degrees have 

higher dependence on higher filling degree than 5-10 degrees. The ANOVA-test 

shows that the results from the slope intervals of 0-10 and 10-20 degrees for the 

small reservoir model could be used and the other slope intervals for both models are 

more uncertain. Therefore, no greater conclusions about these results can be made. 

The KMO and Bartlett’s Test of Sphericity show that a PCA may be relevant to this 

case. However, there are many correlations which are under 0.3 which are denoted 

as weaker correlations. Few parameters studied in this project are stronger 

correlated (Table 9). The components that were most important of this PCA were 

indicating climate, geology and slope of the ground. Soil group and slope were the 

variables least correlated to other parameters. Soil group and the steepness of the 

slope play a role for slope stability, however precipitation and groundwater 

conditions may have a larger impact for the landslides studied here. Precipitation 

and groundwater conditions may be what triggers landslides under the conditions of 

soil type and steepness of the slope. As stated by Iverson, Reid & LaHusen (1997) 

groundwater is a common trigger to landslides, which is also shown by the results of 

the PCA.  

As a PCA is often used for extracting important components to later compute a 

multiple linear regression one would preferably also use one for this type of project. 

The possibility of doing a multiple linear regression for this case, however, is limited. 

One would have to have at least the same amount of areas where landslides have not 
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happened. If this was known one could more easily see if it is possible to predict 

landslides. 

Out of interest and to make stronger conclusions from this PCA it could be developed 

in a further study where one could include other parameters. As stated by MSB 

(2008) the parameters included when looking at risks of landslides are for example 

depth of the soil and loadings on the slope. These parameters would be interesting to 

also include as an extension of this work. There are many more parameters which 

one could choose to investigate. The triggers to landslides are not always obvious and 

are perhaps often a sum of several things. Other parameters of interest could be if 

there have been any human activities in the area which disrupts the hydrological 

cycle of the soil. Another thing which could be out of interest is the concavity and 

convexity of the slope. Concave slopes are more stable, however, they accumulate 

water. Case studies of individual landslides, right after the events, would perhaps 

give some valuable information. One could in this case study then include the filling 

degree on the event of the landslide, the trend of filling degree together with other 

parameters of interest. 

The comparison between the six different landslides showed that the large reservoir 

model and the measured groundwater level follow each other. This is somewhat 

understood as both are slow reacting. The small reservoir model follows the 

precipitation, which could be because it is more fast reacting and there is no greater 

delay between the rise in groundwater level due to higher amounts of precipitation. 

One thing to note from the filling degree for both reservoir models, the precipitation 

and the groundwater level is that landslides in all but Ballabo and Agnesbergsskredet 

happened at high groundwater levels and increasing amount of filling degree for both 

reservoir models. Ballabo and Agnesbergsskredet are in different soil groups (clay-

silt and filling) than the other landslides which could be the cause of these landslides 

not following the same pattern in rising filling degree and high levels of groundwater.  

To interpret the results one should consider the suitability of each landslide with its 

soil group to either the small or large reservoir models. Sand and gravel have lower 

porosity and higher permeability which makes the groundwater fluctuate more and 

can therefore not get filled to the same extent as for silt and clay which have the 

opposite characteristics. This would mean that the model of the large reservoir would 

be best suited for the soil group sand-gravel. Clay-silt would be more suitable as 

being modelled by the small reservoir model. This could be an interesting topic for 

further studies where one investigates the depth of the soil layer and the porosity to 

know whether the reservoir is large or small to know which model is best suited to 

the location. However, most landslides happen in small reservoirs, which would 

mean that the small reservoir model is more representable. 

The accuracy of the two models is also out of importance. As stated earlier, the model 

for the large reservoir is perhaps less accurate than the model of the small reservoir 

depending on the definition of the soil type. The small reservoir responds faster to 

changes in groundwater level and can get fuller, which means that it can perhaps 

peak more often than that of the large reservoir model. The small reservoir model 
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reflects precipitation events that occurred only few hours or week/weeks back, 

whereas the large reservoir model shows what happened months back. In this case, 

the interest lies in what the conditions are now for better interpreting the risks of a 

landslide. 

Interesting aspect of whether the filling degree from S-HYPE could be used when 

predicting landslides is if the filling degree would exceed a high value, such as 90%, 

too often. Out of the days, during the two-year period, the filling degree exceeded 

90% not more than 177 times, for the small reservoir model, for the six different 

landslides, which is not the majority of the days (Table 11). For this case one fourth of 

all days had a filling degree above 90%, which could be much, however this place 

could be located next to a stream. Lerum, which this case is about, is in till (Table 

10), which means that it is more easily filled up with groundwater. 

Agnesbergsskredet where the soil type is filling (Table 10) was second behind Lerum 

with exceeding 90% filling degree 148 times. Filling is an unpredictable soil type, 

which in this case could mean that this soil type also fills up with groundwater more 

easily. This shows the importance of taking other parameters into consideration 

when using values generated from S-HYPE. The model of a large reservoir was not 

taken into consideration in this discussion as it rarely exceeded 90% filling degree. 

The number of times that the filling degree exceeds the filling degree at the event of 

the landslide, during the two-year period, are less for the small reservoir model than 

the large reservoir model (Table 12; Table 13). For those times when the accumulated 

precipitation was higher the filling degree was not exceeded as many times as it was 

for those landslides with low accumulated precipitation. In the case of the landslide 

Ballabo about half of the 732 days the filling degree was exceeded. However, this 

landslide happened at a filling degree of 38.6%, which could more easily be exceeded 

than for example Lerum with 98.2% filling degree. The landslide in Ballabo was in 

till, which explains the low filling degree. These results show that using the small 

reservoir is more out of use as the filling degree at the event of the landslide is less 

exceeded than that of the large reservoir model. 

Using these two analysis of when and how many times the filling degree is exceeded 

show the importance of taking other parameters into consideration. The location of 

the landslide, for example it being close to a stream could be out of importance in 

understanding the variations in S-HYPE. Soil type is also important as it describes 

how well water is stored in the soil and how fast groundwater fluctuates and with this 

better understand the groundwater conditions at the site. 

 

Conclusion 

Previous discussion show that the small reservoir model would be the more useful 

when predicting landslides. This because it shows more realistic values of the 

behaviour of the different soil groups as well as giving valuable information on the 

filling degree on the event of the landslide. However, the trend of the filling degree is 

best shown for the large reservoir model, if one considers the causes of slope 
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instability of increasing pore pressure due to increase in groundwater. In some cases, 

where groundwater is not the highest potential risk for a landslide to happen, S-

HYPE could produce high values of filling degree at many occasions, which does not 

always mean that there is a risk of a landslide. Together with the conditions on the 

site, such as soil type, presence of streams, human activities in the area and such, one 

could potentially use S-HYPE.  

In conclusion, the results indicate that, when one knows the conditions on the site, S-

HYPE could be used as a tool which shows when risks are higher for a landslide. Less 

so as a tool that predicts that a landslide is about to happen. However, further 

studies, including more parameters, would be useful to further prove the use of S-

HYPE. 
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Appendix 

 

Name Soil type 

(sorted) 

Inclination of the 

ground 

Filling degree till 

(%) 

Filling degree glacial 

material (%) 

Ramvik Filling 8.394 71 52.5 

Lugnvik Filling 2.604603 65.5 54.2 

Unbyn Sand-gravel 12.371645 97.1 74.4 

Bruksnipan Clay-silt 19.132796 84.5 81.1 

Viskan. Byslätt Sand-gravel 7.628995 5.8 22.8 

Trossnäs Sand-gravel 5.24673 98 53.1 

Rävekärr Sand-gravel 3.499537 74.8 49.3 

Vättland Sand-gravel 9.074274 84.1 38.9 

Jordbro Sand-gravel 12.242558 8.6 31.1 

Fröland Filling 1.139532 34.2 30.6 

Näckån. Sysslebäck Till 10.71224 96.8 98.7 

Lärjeån 16 Clay-silt 18.081129 92.5 71.8 

Lärjeån 7 Clay-silt 10.321596 97.3 65.8 

Lärjeån 8 Clay-silt 12.25187 97.3 65.8 

Säterbergsravinen Till 19.987315 18.5 43.2 

Bärfendal Clay-silt 17.476512 95.4 68.8 
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Tuveskredet Clay-silt 5.577336 76.9 51.7 

Grinstorp 1 Clay-silt 13.659613 69.9 37.6 

Säveån 2 Sand-gravel 6.705802 23.1 45.7 

Ulva kvarn. Fyrisån Clay-silt 16.979224 86.2 64.5 

Klarälven. Bengtsbol Clay-silt 5.617237 23.5 55.2 

Skallböleskredet Sand-gravel 18.628342 95.6 59.7 

Gideåbacka Sand-gravel 7.397033 98 62.9 

Åre Sand-gravel 13.089895 97.8 54.6 

Malmby Sand-gravel 2.115056 98.4 32.3 

Hummelholm Sand-gravel 11.617918 95.3 38.3 

Taberg Sand-gravel 10.699359 97.4 53 

Agnesbergsskredet Filling 1.93303 29.3 50 

Karlbergs slottsväg Clay-silt 7.336377 27.2 61.3 

Ballabo Clay-silt 3.769672 38.6 24.1 

Sysslebäck. Tutstad Sand-gravel 14.05493 98.4 39.8 

Vagnhärad Clay-silt 6.898654 43.8 42.7 

Fulufjället Till 23.144946 98.1 56.9 

Skriketorp Berg 13.362877 60 57 

Viskabacka 4 Sand-gravel 6.139965 97.8 63.8 

Uddeholm Clay-silt 6.462718 54.3 55.4 



 38 

Sikfors. Floxen Clay-silt 5.260852 89.4 61.8 

Sättnaån 1 Solums kvarn Sand-gravel 10.809813 95.6 73.6 

Ångermanälven 

Västnyland 

Sand-gravel 25.230856 31.3 77.4 

Para Clay-silt 21.582566 32 73.7 

Öd Sand-gravel 24.462483 69.1 69.6 

Åre. Mörviksravinen Sand-gravel 0.899719 75.4 38.3 

Sågliden 18 Clay-silt 20.018752 89.6 37.3 

Viskan. Sundholmen 2 Sand-gravel 5.443589 18.2 37 

Ljungskile Filling 2.222165 99.1 39.3 

Ljungskile Till 17.837278 99.1 39.3 

Gideåbacka vid E4 Sand-gravel 13.088934 90.3 35.9 

Västerlanda 2:2 och 

Kyrkeby 1:1 

Clay-silt 13.041938 94.6 58.1 

Lerum Till 18.35265 98.2 77.6 

Torpadal Clay-silt 14.357885 99.1 78.1 

Solbergsån. Solberg 4:17 Sand-gravel 3.713132 63.9 43.2 

Lysvik Sand-gravel 2.514136 49.1 29.9 

Lillån Clay-silt 16.658428 98 96.7 

Solbergsån. Solberg 2:9 Sand-gravel 10.698293 79.6 91.6 
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Linavägen. Södertälje Sand-gravel 3.280265 44.8 67.5 

Örekilsälven  Bön Clay-silt 15.545964 81.6 75.3 

Gårdsten 18:1 Clay-silt 5.211743 10.9 34.8 
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