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SUMMARY 

This report describes Swedish experiences of the work done within the Landslides Platform and work related to 
landslides within the Swedish test sites, Vagnhärad and Sundsvall, of the General services cluster of the 
PREVIEW project (PREVention, Information and Early Warning) which is a EC funded project under the Sixth 
Framework Programme (FP6).  

Within this project a Landslides WEB GIS platform has been developed for the Swedish test sites. The platform 
is based on the Swedish landslide hazard zonation method, in which slope stability investigations are carried out 
in four steps with increasing extent. After overview landslide hazard mapping (stage 1a and 1b) geotechnical 
field investigations are carried out for the detailed investigations in Stage 2 and for the extended and 
supplementary investigations in Stage 3 & 4. Geophysical investigations have been tested with the idea that they 
could either be a part of the overview landslide hazard mapping as overview field investigations in stage 1b or 
they could be a basis for detailed investigations in stage 2. Satellite radar data (differential Syntethic Aperture 
Radar (DIFSAR) interferometry) has been tested with the idea that they could be a complementary tool for early 
warning of landslides and for the decision of where detailed investigations should be conducted in stage 2.  

For each test site, the WEB GIS platform contains one landslides inventory map, landslide susceptibility maps, 
geophysical sections and DIFSAR mean velocity maps. The landslides inventory map consists of GIS layers 
containing areas with old landslides scars, ravine edges, ongoing erosion, erosion protection and fill. The 
geophysical sections are 2D Electrical Resistivity Tomographies reporting the distribution of the subsoil 
resistivity. Interpreted sections are also available. The DIFSAR mean velocity maps shows the results from the 
satellite radar data expressed via color-coded points, where each point represent a calculated movement per year. 
A susceptibility map is comprised of three different maps, which are based on the Swedish methodology for 
landslide hazard mapping. Susceptibility map 1a is a map with division into stability zones. Susceptibility map 
1b is a map with built up areas, which are considered to have unsatisfactory stability, marked by shading. 
Susceptibility map 2 is a map with stability class divisions. The stability classes are based on detailed stability 
investigations and conventional stability calculations in representative sections. A proposal for the prioritization 
of landslide susceptible areas, in the form of a table for prioritization, based on susceptibility map 1b has been 
included. 

The experiences with the resistivity measurements from both the landslide area and the Mölna-Husby kvarn area, 
are that they show fairly good correspondence with the traditional geotechnical investigations that have been 
performed and could thus be used as a tool to estimate the soil profile in general. The Differential Interferometric 
Synthetic Aperture Radar (DIFSAR) method for movement detection has not previously been used in Sweden. 
Based on the DIFSAR analysis of the landslides in Vagnhärad and Sundsvall it has, either not been possible to 
detect any movements prior to the actual landslides, or the analysis was hindered by the lack of coherent points 
within the area of the landslides. However, a small scale analysis assessing the potential of Differential SAR 
Interferometry for other purposes than landslide monitoring in Sweden carried out by SGI and Metria in 
conjunction with the PREVIEW project indicated that the DIFSAR technique has potential for applications 
pertaining to other ground movements in Sweden. 
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1. INTRODUCTION AND ACKNOWLEDGEMENTS 

The PREVIEW project (PREVention, Information and Early Warning), WEB page www.preview-risk.com, is an 
EC funded project under the Sixth Framework Programme (FP6). The aim of PREVIEW has been to develop, at 
the European scale, new or enhanced information services for risk management in support of European Civil 
Protection Units and local or regional authorities, making the best use of the most advanced research and 
technology outcomes in Earth Observation. The work within PREVIEW has been divided into of five different 
clusters; Atmospheric risk cluster, Geophysical risk cluster, Man-made risk cluster, General services cluster and 
Pre-operational validation of services. The work within each cluster has then been divided into several platforms. 
The Geophysical cluster is divided into two platforms; the Earthquake and Volcanoes platform and the 
Landslides platform. 

The objectives of the Landslides platform has been to provide information services for:  

• monitoring of deep seated slow moving landslides by application of remote sensing interferometric 
techniques and the integration of diverse information sources and several existent pre-operational 
functions for obtaining estimates of landslide risk assessment and hazard zonation (Service 1).  

• prediction and early warning of shallow rapid slope movements through the integration of new 
technologies of meteo-hydrological modelling, radar remote sensing, geophysical methods (Service 2). 

The Swedish Geotechnical Institute (SGI), Metria and the Swedish Civil Contingencies Agency (MSB) have 
been the Swedish partners in the Landslides platform. Sweden took part in Service 1, monitoring of deep seated 
slow moving landslides.  

This report describes Swedish experiences of the work done within the Landslides Platform and work related to 
landslides within the Swedish test sites, Vagnhärad and Sundsvall, of the General services cluster. Most of this 
information is also presented in the Preview Landslides Platform service portfolio containing the following 
documents:  

• 5210-2  Landslides service specification  

• 5220-1  Scientific report 

• 5230-1  Service development dossier 

• 5230-2  Service operational dossier  

• Landslides services handbook 

Much of the work within the Landslides platform has been the responsibility of Italian partners. Telespazio has 
been responsible for the satellite analyses and the Landslides WEB GIS service. Geophysical measurements have 
been conducted by IMAA (Institute of Methodologies for Environmental Analysis). UNIFI (University of 
Firenze, Earth Science Department) (Gaia Righini), has been the Platform Coordinatior, and Telespazio (Maria 
Grazia Ciminelli) the Cluster Coordinator.  

Other persons from Sweden and Swedish partners have been engaged in the work and we would like to give a 
special thanks to them. Important contributions, with focus on the development of the test site platforms, have 
been made by Jan Fallsvik, Christina Berglund, and Samir Ezziyani, SGI. An important work has been done by 
Marie Norrby, MSB, in coordination of Swedish test sites activities. Regarding validation of the test sites 
activities important contributions have been made by Björn Wieslander, Elinor Andersson and Ulf Jämtäng from 
the test municipality Trosa, and Michael Scheele from the test municipality Sundsvall. Roger Wisén, Tyréns, 
have given important input regarding interpretation of the geophysical data for Swedish conditions and Martin 
Lyth, Tekniska Verken (formerly SGI) regarding coordination of the geophysical field measurements. 
Comments on the report circulated for consideration outside the project team have been received from Susanne 
Edsgård, MSB, Lars Johansson, SGI and Elvin Ottosson, SGI. We would also like to express our gratitude to 
others who have contributed with data or other help during the course of the project.  

Linköping, Gothenburg, Stockholm and Karlstad, November 2008 

The Authors 
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2. BACKGROUND - THE SWEDISH LANDSLIDE HAZARD ZONATION METHOD 

The Landslides WEB GIS platform, developed within this project, is for the Swedish test sites based on the 
Swedish landslide hazard zonation method. This method, which is described below, is also described more in 
detail in PREVIEW document 5220-1 Scientific report. 

2.1 INTRODUCTION 

Slope stability is a problem of great concern in Sweden. Each year, numerous minor slides occur and every ten to 
twenty years a major slide develops, even in built-up areas. Slopes with prerequisites for landslides consists 
normally either of clay slopes (inclination > 1:10) or rather steep slopes in areas with silt and sand. Sometimes in 
the clay slopes there are prerequisites for high pore pressures and high shear stresses of the clay. Slopes in 
connection with watercourses where erosion could worsen, the stability are particularly dangerous. 

Research into soil behaviour as well as the development of investigation and calculation methods, especially for 
soft clays, were ongoing during the major part of the last century in Sweden. Following a major investigation of 
the stability of the soft clay areas in the Göta River Valley in 1962, new rules for investigations, calculation 
methods and calculated factor of safety required for this region were established. Since then, research and 
development in the areas of soil investigations, soil behaviour, natural variations in soil properties and pore 
pressures, statistical methods, methods of analysis and the use of advanced numerical methods have greatly 
improved the understanding of the mechanisms involved in slope stability problems. However, there has been a 
major problem to convey this knowledge to a wider group of geotechnical engineers and to implement the 
achievements in everyday practice.  

Therefore, the Swedish Commission on Slope Stability – a research commission under The Royal Swedish 
Academy of Engineering Sciences – was initiated with the task to initiate and co-ordinate research and to 
provide information on slope stability and methods of stabilisation. The Commission was operational between 
the years 1988 and 1996, and in 1995 the guidelines for stability analyses of natural slopes were published. A 
reference group with participants from most of the parties involved in the process of slope stability analyses 
supervised the work with the guidelines, and they also had the task to make sure that the guidelines were 
implemented. The guidelines are structured in such a way that the investigation is carried out in four stages with 
increasing extent, Sällfors, G, Larsson, R, Ottosson, E. (1996). These different stages in the slope stability 
investigation for slopes with clay and silt layers are described below. 

2.2 STAGE 1 

The overview stability mapping is carried out individually for each municipality. It is divided in a pilot study and 
two Sub-stages, SGI (1996) and Fallsvik, J and Viberg, L., (1998): 

- The Pilot study, identifying of sub-areas in the municipalities considered to be mapped 

- Sub-stage 1a, division of the land into areas with and without prerequisites for initial slope failure in clay and 
silt 

- Sub-stage 1b, overview assessment of the stability under prevailing conditions based on survey calculations 

2.2.1 The pilot study 

For purchasing reasons, a pilot study within built-up areas is carried out to get an idea of the investigation 
volume within each municipality. The pilot study identifies a number of built up sub-areas in each municipality, 
which are considered to be in need of a general mapping of stability conditions. The pilot study is based on 
contact with municipalities, examination of geological and topographical maps, and an overview field 
inspection. 

Based on the pilot study, the mapping is purchased. The work is divided into two sub-stages – Sub-stage 1a and 
Sub-stage 1b. 
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2.2.2 Sub-stage 1a 

In Sub-stage 1a, a division of the land is made into areas with and without prerequisites for initial slope failure in 
clay and silt. Areas where prerequisites for landslides could not be neglected are divided into the two Stability 
Zones, I and II, whereas the Stability Zone III comprises land with other soils than clay and silt:  

- The Stability Zone I comprises land where there are prerequisites for spontaneous or proceeding landslides 
in slopes containing clay or silt soil layers, e.g. areas which may be primarily affected by an initial slide or 
slip.  

- The Stability Zone II comprises areas containing clay or silt soil, which have no prerequisites for initial 
slope failure, but may be affected secondarily by landslides in Zone I acting backwards or forwards. 

- The Stability Zone III comprises areas with bedrock outcrops or where the soil layers do not contain clay or 
silt.  

 

The division of the land into the stability zones is based on soil type and topography as well as information 
obtained from earlier geotechnical investigations carried out in the area or nearby, aerial photo interpretation and 
field inspections. 

The division into stability zones is presented in colours on maps, scale of 1:5000 to 1:10,000. In addition to the 
stability zones, the maps also show other data of interest for slope stability, such as: 

- scars from old slides, 
- ongoing erosion, and  
- presence of quick clay as indicated in available geotechnical investigations 

2.2.3 Sub-stage 1b 

Sub-stage 1b comprises an overview assessment of the stability under prevailing conditions. Within stability 
zone I, the same investigation areas as in Sub-stage 1a are assessed. The assessment is carried out with the aid of 
survey calculations according to the “Guidelines for Slope Stability Investigations” issued by the Swedish 
Commission on Slope Stability (1995). The calculations are based on information obtained from earlier stability 
investigations, if such exist, together with overview field and laboratory investigations in a selected number of 
sections. In addition to calculations in these investigated sections, calculations are also carried out in a necessary 
number of complementary sections, however only based on map data and geotechnical information from 
adjacent sections. 

The results of Sub-stage 1b consist of areas considered to have satisfactory stability and areas considered having 
unsatisfactory stability. The latter are marked by shading on a map, Map 1b, to a scale of 1:5000 to 1:10,000. 
Areas where a detailed investigation is judged to have high priority are marked on the map, together with a 
comment. Other information of interest, such as calculated sections, scars of old landslides, erosion in progress 
and the presence of quick clay are shown on the same map. 

2.3 STAGE 2 – DETAILED INVESTIGATIONS 

The  overview stability mapping in Sub-stage 1b forms the basis for decisions on where detailed stability 
investigations ought to be performed in Stage 2. The principal aim of this stage is to clarify if there is a real 
stability problem or not.  

According to the Guidelines for Slope Stability Investigations issued by the Swedish Commission on Slope 
Stability, (1995), a number of sections regarded as the most critical are chosen based on topographical conditions 
and rough calculations. In these sections geotechnical field and laboratory investigations are performed. They 
should give information on among other things:  

- the geometry of the ground surface including bottom level in watercourses;  

- the soil profile and depth to firmer bottom layers 

- the strengths properties of the soil 

- levels of ground water and pore pressure, and  

- occurrence of layers and quick clay.  
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To obtain this information levelling, sounding with a lead (plumbing), geotechnical soundings, piezocone 
penetration tests, vane shear tests, sampling and measurements of the ground water pressure level are carried out.  

Based on the field and laboratory investigations the prerequisites for the calculations are clarified. Slope stability 
calculations are then carried out with both undrained and combined analysis. Both normal and exceptional load 
cases should be considered. Slope stability calculations are normally carried out for circular slip surfaces by 
using reliable computer programs. When the geometry of the slope so demands, the calculations are carried out 
for planar and arbitrary shapes of the slip surfaces. Where the slip surface passes through frictional soil layers 
and for pure frictional soil, drained analysis is conducted. 

In the combined analysis both drained and undrained behaviour of the soil are considered for each slice. In the 
combined analysis, the drained shear strength is compared with the undrained shear strength for each section of 
the slip surface, and the lowest strength is used in the calculation, Larsson (1984). The recommendations 
concerning required safety factors differ depending on the type of land use, the impacts involved, the type of 
investigation (rough estimate or detailed) and the type of stability analysis. Depending on the direct impacts of a 
landslide for human life, buildings and structures, the slope stability calculations should be carried out with 
different requirements, see Table 1. Four different types of land use are employed: New development (new 
exploitation areas); built-up areas (existing buildings and constructions); other urban areas, and natural land/farm 
land. 

2.4 STAGE 3 AND 4 – EXTENDED AND SUPPLEMENTARY INVESTIGATIONS 

If needed, following the detailed investigation an extended and eventually also a supplementary investigation are 
carried out. In the Guidelines for Slope Stability Investigations of clay, silt and sand sediments (see Swedish 
Commission on Slope Stability, 1995) these extended and supplementary investigations are described. These 
investigations aim at: 

− giving the basis for a more accurate slope stability calculation 
− giving the size of the area at risk 
− giving the basis for a impact analysis 
− giving the basis for design of eventual preventive measures 
 

The geotechnical field and laboratory investigations for the extended investigation are more qualified and/or 
covering a wider area compared to the earlier investigations. The extended field and laboratory investigations 
should as far as possible clarify: 

- the geometry of the ground surface including bottom level in watercourses;  
- the depth to firmer bottom layers;  
- the strengths properties of the soil in detail;  
- occurrence and spreading of quick clay, sulphide soil or organic soil and its properties;  
- occurrence of thin soil layers, their properties, spreading and orientation;  
- pore pressure distribution in all parts of the slope, variation over the year and extreme values;  
- the stress history of the slope, preconsolidation pressures, effective overburden pressures and 

overconsolidation ratio;  
- structural variations in the soil. 
 

2.5 REQUIRED CALCULATED FACTOR OF SAFETY 

In the different investigation stages, the required calculated safety factor, F, is dependent on the different type of 
land use as described above, and the slope stability analysis method, see Table 2-1 below (Swedish Commission 
on Slope Stability, 1995). In some cases, the recommended levels of the safety factor, F, may be slightly higher 
or lower, depending on the amount of favourable and unfavourable prerequisites. Prerequisites that should be 
regarded are among other things:  

− type and amount of field and laboratory tests 
− geometry and condition of the slope 
− groundwater and pore pressure situations 
− soil properties 
− impacts of a slide  
− the extent and reliability of the slope stability analyses.  
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If a calculated factor F is acceptable according to Table 2-1 below, no further investigation is normally required, 
if all the preconditions are fulfilled. 

Table 2-1:  Chart of required calculated safety factors, F, in various investigation stages with respect to land 
use. (Swedish Commission on slope stability, 1995). Where the required safety factors are given 
within a span, the F-value should be chosen guided by the local situation in the slope with regard 
to favourable and unfavourable conditions. 

Intended or present type of land use Investigation stage 

New development Existing buildings 
and constructions 

Other urban areas Undeveloped 
area, 

open country 
Stage 1. 

Geotechnical 
inspection and rough 

estimate 

Detailed investigation 
must be carried out 
 

Fc  > 2  + 
Fcφ > 1.5 

Fc  > 2   
Fcφ > 1.5 

Fc. Fφ  and Fcomb > 
1 
(if surrounding land 
is unaffected) 

Stage 2. 
Detailed investigation 

Fc  ≥ 1.7-1.5  + 

Fcomb ≥ 1.45-1.35 

Fφ ≥ 1.3 (sand) 

Fc  ≥ 1.7-1.5  + 

Fcomb ≥ 1.45-1.35 

Fφ ≥ 1.3 (sand) 

Fc  ≥ 1.6-1.4  + 

Fcomb ≥ 1.4-1.3 

Fφ ≥ 1.3 (sand) 

Fc. Fφ  and Fcomb > 1 
(if surrounding land 
is unaffected) 

Stage 3 and 4. 
Extended and 
supplementary 
investigations 

Fc  ≥ 1.5-1.4  + 

Fcomb ≥ 1.35-1.30 

Fφ ≥ 1.3 (sand) 
 

Fc  ≥ 1.4-1.3  + 

Fcomb ≥ 1.30-1.20 

Fφ ≥ 1.3-1.2 (sand)  
 (combined with 
restrictions) 

Fc  ≥ 1.3-1.2  + 

Fcomb ≥ 1.2-1.15 

Fφ ≥ 1.2-1.15 (sand) 
(lower values refer to 
existing structure of less 
importance) 

Fc. Fφ  and Fcomb > 1 
(if surrounding land 
is unaffected) 

Note: 
In the chart, the sign ‘ + ’ indicates that for each section, the stability calculations must be carried out according 
to two different analysis methods. 
When the calculated safety factor, F, is too low according to Table 2-1, in some cases extended information on 
the geotechnical conditions, e.g. extended information on slope and soil layer geometry, ground water and pore 
pressure conditions, soil properties and external load conditions, can provide approval because of two reasons – 
solitary or combined: 

1. The extended information may indicate a positive revision of the geotechnical conditions, which after 
renewed stability calculations provides an acceptable safety factor, F. 

2. According to the Guidelines for slope stability investigations (Swedish Commission on Slope Stability, 
1995) the access to the extended information permits a lower demand on the required safety factor, F. 

 

For a slope, having poor stability conditions according to the detailed (or extended) stability investigation, the 
following alternative decisions must be made dependent on the actual situation: 

 New development - Finding alternative areas to develop 
- Strengthening of the slope 

 Existing buildings 
and constructions 

- Strengthening of the slope 
- Establishing restrictions 
- Installation of landslide warning systems 
- Abandoning of the area, e.g. evacuation and reconstruction of the buildings and 

constructions 
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For the alternatives strengthening of the slope, introduction of restrictions and installation of landslide warning 
systems, in most cases supplementary stability investigations must be performed, for example to forming the 
basis for design of preventive measures. 

 

3. METHODS TESTED WITHIN THIS PROJECT 

3.1 INTRODUCTION 

Slopes with prerequisites for landslides consists in Sweden normally either of clay slopes (inclination > 1:10) or 
rather steep slopes in areas with silt and sand. Geotechnical field and laboratory investigations are normally 
carried out as a basis for a detailed stability investigation. In Sweden today, the slope stability investigation is 
carried out in four steps with increasing extent (see Chapter 2). After overview landslide hazard mapping (stage 
1a and 1b) geotechnical field investigations are carried out for the detailed investigations in Stage 2 and for the 
extended and supplementary investigations in Stage 3 & 4. The idea with the geophysical investigations in this 
project was that they could either be a part of the overview landslide hazard mapping as overview field 
investigations in stage 1b or they could be a basis for detailed investigations in stage 2. Satellite radar data  
(differential Syntethic Aperture Radar (DIFSAR) interferometry) could be a complementary tool for early 
warning of landslides and for the decision of where detailed investigations should be conducted in stage 2. The 
priority table could be a help for the municipalities in prioritizing areas for detailed investigations after stage 1b.  

3.2 GEOPHYSICAL DATA FOR SOIL PROFILING 

3.2.1 Introduction 

The purpose of the resistivity measurements was to obtain an overview of the soil profile in the landslide area 
and in the surrounding areas and to evaluate the usefulness of the method as a basis for the geotechnical field 
investigations. The resistivity measurements and interpretation of the data were conducted by IMAA (Institute of 
Methodologies for Environmental Analysis), Italy. Evaluation and adaptation of the interpretation for Swedish 
geological conditions were carried out by Roger Wisén, Rambøll Danmark (formerly Tyréns) together with 
IMAA and SGI. In Italy, resistivity measurements are used for locating the slip surface of the landslide body and 
one intention from IMAA was to evaluate if this were possible also for landslide areas in Sweden.  The electrical 
resistivity tomography is described by IMAA in the PREVIEW document D5230-1; Service Development 
Dossier, Landslides, and summarized below. 

3.2.2 Brief description of the resistivity method 

2D-3D electrical resistivity tomography (ERT) is a high-resolution electrical image which reports the spatial 
distribution of the subsoil resistivity and allows, where it is possible, to reconstruct the geometry of a landslide 
body (lateral extension and thickness), to identify possible sliding surfaces, to locate areas with high water 
content and to to distinguish between the different layers of the soil profile, e.g. eventual fill, dry crust, clay, 
sand/moraine and bedrock. For Swedish geological conditions the method can primarily be used to distinguish 
between the different layers of the soil profile.   

3.3 SATELLITE RADAR DATA FOR MOVEMENT DETECTION 

3.3.1 Introduction 

The intention of using satellite radar data was to test if differential SAR interferometry (DIFSAR) could be used 
in Sweden for detection of small movements of the ground, as an early warning of a large landslide. The 
DIFSAR analyses have been carried out by Telespazio, Italy. Differential SAR interferometry is described by 
Telespazio in PREVIEW document D5220-1; Scientific report, Landslides, and summarized below. 

3.3.2 Brief description of the DIFSAR method 
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Differential SAR interferometry is a technique that allows, at least in principle, measurements of centimetric 
(and sub-centimetric) displacements of the terrain, which have occurred between different acquisitions 
(Massonnet et al., 1993). Differential SAR interferometry (DIFSAR) is based on the fact that the phase 
difference between two SAR complex images relative to the same area, acquired at different times from slightly 
different positions contains information about the topography and the terrain displacement (along the line of 
sight of the sensor) occurred between the two acquisitions. A digital elevation model (DEM) is used to remove 
the topography contribution and isolate the displacement contribution. 

The accuracy of the displacement measures depends on many factors and in particular on the coherence of the 
backscattered signals at the various acquisitions. The signal coherence depends on how much the imaged scene 
changes in the various acquisition, either because the scene backscattering properties really changes in the 
occurred time (temporal decorrelation), or because the scene is seen from two different positions (spatial 
decorrelation). Generally, good quality measurements can be obtained on sparse points corresponding to urban 
areas, arid terrain, man made infrastructures. Depending on the availability of SAR data, these coherent points 
can be identified by considering spatial and/or temporal signal statistics. However, when using a time series of 
acquisitions it is essential to reduce the impact of atmospheric artifacts, i.e. the uncertainty of the measurements 
caused by different signal atmosphere propagation conditions at the different acquisitions dates. With radar data 
from the satellites ERS and ENVISAT the potential accuracy of the measured displacement ranges from one 
centimeter up to a few millimeters. 

3.4 PRIORITY TABLE BASED ON SUB-STAGE 1B 

Based on detailed interviews with representatives of three municipalities: Munkedal, Trosa and Sollefteå along 
with investigations related to assessment of landslide hazard areas in the municipality of Mark, Lerum and 
Sollefteå, a proposal for the prioritization of landslide susceptible areas has been developed. The proposal is in 
the form of a table for prioritization, see Table 3-1.  
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Table 3-1: Proposal for prioritization of landslide susceptible areas. 
 Landslide susceptibility Impact Landslide 

susceptibility 
and impact 

 

Area Safety 
Factor 

(F) 

MSB 
prioriti-
zation 
(S) *) 

 

Ero-
sion 
(yes/ 

no) 

Other 
factors 1) 

Priority 
of 
impact 
(I) *) 

Building/ 
infrastructure 

Number of 
inhabitants 
in the area3) 

 

Higly 
sensitive 

clay 
(yes/no) 

Other 
factors2) 

Priorities 
put together 
(P) 

Comments 

1. 
Breda 

Fk=1,0 

Fc=1,2 

4 no 

- 

 4 12 residential 
buildings, road 

35 no 

- 

 P4 Several residential 
buildings close to the 
crest of the slope 

2. 
Hoved 

Fk=1,2 

Fc=1,3 

4 no 

- 

 3 9 residential 
buildings 

27 yes 

+ 

contaminated 
ground 

+ 

P4 3 additional 
residential buildings 
can be touched 
because of quick clay 

3.  

Guta 

Fk=1,1 

Fc=1,3 

4 

 

yes 

+ 

fill 

+ 

4 10 residential 
buildings, 
small industry 

29 no 

- 

 P4 industry with 
biologically dangerous 
activity 

4. 
Hedäng 

Fk=1,1 

Fc=1,3 

4 yes 

+ 

 4 hospital - no 

- 

 P4  

5. 
Åtorp 

Fk=1,3 

Fc=1,5 

3 no 

- 

earlier 
reinforcement 

- 

3 9 residential 
buildings 

26 yes 

+ 

 P3 a larger area may be 
affected because of 
the quick clay but no 
more residential 
buildings 

*) See definition on page 13. 
1) Other factors may be loads from houses or fill, excavations, sensibility of high pore water pressure and earlier reinforcement measures. 
2) Other factors may be contaminated ground, possible alternative roads, sensible establishments (hospitals, schools), and influence on the surroundings. 
3) Number of inhabitants in the area. Number of people normally staying in the area during daytime can be added. 
These factors 1) - 3) can be summarized in form of a table with for example plus (+) for factors leading to higher priority and minus (–) for factors not leading to higher 
priority, for each factor respectively. These factors can then be prioritized from the sum of + and -. 
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Another factor, apart from the factors mentioned in Table 3-1, that demands geotechnical consultation and that 
could be taken into consideration, is forewarning, which means that an initial landslide could be prevented 
before significant damages occurs. 

In order to prioritize the areas, each individual area (along with relevant characteristics such as distance from the 
top of a slope to a house, where the house is located etc.) could be studied. This would be a local assessment 
from case to case. In this case, even if the houses are located along the most dangerous slip surface, the risk 
could be assessed. 

The landslide susceptibility and the impact as well as the combination of susceptibility and impact (all in all 
priority) from Table 3-1 can be put together in a Risk matrix, as proposed in Table 3-2. Definitions of levels for 
landslide susceptibility, impact and all in all priority are presented below. 

Table 3-2: Prioritization put together (Risk matrix) 
 

     

 

S4 P3 P3 P4 P4 

S3 P2 P2 P3 P4 

S2 P2 P2 P3 P3 

S1 P1 P1 P1 P1 

Landslide suscept- 

ibility                      Impact I1 I2 I3 I4 

 

 

Suggestions for course of action 

Prioritization of landslide susceptibility (S) by the Swedish Civil Contingencies Agency (MSB) according to the 
following four level scale:  

4. Geotechnical stability investigation is particularly important (low safety and assessment of degree of 
urgency), 

3. Geotechnical stability investigation is recommended. 

2. Reassessment of previous calculations is particularly significant. 

1. Satisfactorily stable. 

Furthermore, consideration is taken to current erosion and other factors summarized above. 

 

Guidelines for prioritization of impacts (I): 

Susceptibility 

Impact 
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4. More than ten residential buildings within the area and/or other infrastructure important to the community 
for example: roads, railways, schools, industries and susceptible constructions. Many permanent 
residencies or many people frequently visiting the areas. Large affected area and/or areas with quick clay. 
Other significant factors such as heavily polluted soil etc. 

3. Three to ten residential buildings within the area and/or roads with moderate circulation, smaller affected 
area. Potential existence of quick clay affecting a medium seized area. Other significant factors such as 
contaminated ground, lack of alternative roads etc. 

2. Occasional residential buildings, recreation areas, farm buildings and/or smaller roads. Other factors of 
great importance as polluted soil, lack of alternative roads, other influences on the surroundings such as 
susceptible industries outside marked area. etc. 

1. No residential buildings, road of minor importance/sidewalks/bike paths. 

 

Suggestion for the all in all priority (P) 

P4 Highest priority: Detailed investigation as soon as possible 

P3 Second priority: Detailed investigation with high priority 

P2 Third priority: Detailed investigation is recommended 

P1 Fourth priority. 

 

3.5 LANDSLIDE RISK ANALYSIS BASED ON STAGE 2: DETAILED INVESTIGATIONS 

3.5.1 Existing model for landslide risk analysis 

A model for landslide risk analysis has been developed for the Göta River valley in the west part of Sweden 
where the soil consist of soft glacial and post glacial clay to depths often greater than 50m. (Alén et. al., 1999 
and Alén et. al., 2000). A part of this methodology which is described below, are adopted here as a basis for 
susceptibility map 2.  

Risk is sometimes by engineers defined as the product of the probability and the impact of an unwanted 
occurrence. When carrying out the landslide risk analysis in the Göta River valley (Alén et. al., 1999), the 
landslide probabilities were established within a geographical limited area with similar technical conditions by 
quantitative determinations for a certain number of typical sections and qualitative determinations for areas in 
between. Providing the probability for a landslide to occur is fairly small, the adopted approach will lead to 
calculated probabilities for the whole area within a limited interval. Calculated probabilities can then be used for 
comparisons between different geographical areas even though the calculated probabilities are only formal. 

According to Alén et. al. 1999 “The calculated factor of safety, F, is looked upon as a random variable. The 
magnitude of the factor of safety can then be given by the mean value, while the scatter, e. g. the standard de-
viation or the coefficient of variation, reflects the uncertainty. The mean value can usually be replaced by the 
result of a traditional calculation provided the calculated value is based upon the basis of the most probable 
numerical values of different input parameters.” Different groups of uncertainties, which should be taken into 
account determining the overall uncertainty of the factor of safety, are loads, slope geometry, soil strength and 
pore pressure. 

The risk of a landslide is a function of both the probability and the impact of a landslide. This is taken into 
account by integration of the stability classes and the impact classes in a risk matrix. For the Göta River valley 
the impact classes are: impact class 1 - slight damage, impact class 2 - large damage, impact class 3 – very large 
damage, impact class 4 - catastrophic damage. The stability classes are based on detailed stability investigations 
and conventional stability calculations in representative sections. A number of these sections are calibrated with 
statistical methods. In these sections the calculated relative probability for landslides are linked to calculated 
safety factors. In this way the results from conventional stability analyses for these sections are translated to 
relative probabilities of landslides. The results are thereafter generalized to be valid for all calculated stability 
sections. The limits for each stability class respectively are based on the result of the stability calculations and 
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the statistical analysis in the chosen sections (Alén et. al., 1999 and Alén et. al. 2000). Thus, the limits between 
the stability classes may differ for different geographical areas.  

3.5.2 Simplified “landslide risk analysis” based on detailed investigations 

The main purpose of the simplified “landslide risk analysis” used in this project has been to visualise the results 
from the detailed stability investigations on a map. Therefore, no statistical analysis has been carried out 
specifically for the test site Vagnhärad. The stability classes are based on detailed stability investigations and 
conventional stability calculations in representative sections. The limits between the stability classes are based 
on the recommendations in the Guidelines for Slope Stability Investigations of clay, silt and sediments 
(Comission of Slope Stability, 1995) and the Landslide risk analysis of the Göta River Valley (Alén et. al. 1999 
and Alén et. al. 2000).  

For the Vagnhärad test site the stability classes are as follows: 

Stability 
class 

Safety factor undrained analysis 
(Fc) 

Safety factor combined analysis 
(Fk) 

4 Fc < 1.2 Fk < 1.15 

3 1.2 < Fc < 1.5 1.15 < Fk < 1.35 

2 1.5 < Fc < 1.7 1.35 < Fk < 1.45 

1 1.7 < Fc  1.45 < Fk  

 

The stability classes used are the same as for the Risk analysis of the Göta River valley: stability class 4 – 
obvious probability of a landslide, stability class 3 – likely probability of a landslide, stability class 2 – some 
probability of a landslide, stability class 1 – negligible probability of a landslide. 
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4. SWEDISH TEST SITES – VAGNHÄRAD AND SUNDSVALL 

4.1 THE TEST SITES 

The  Swedish test sites in this project are located in Vagnhärad and Sundsvall, see Figure 4-1. 

 

Figure 4-1:  The Swedish test sites Vagnhärad and Sundsvall (http://spatial.telespazio.it/preview/login/). 

4.1.1 Geology, topography and geotechnical conditions 

4.1.1.1 Vagnhärad 

Vagnhärad is situated along the Trosaån river in Trosa municipality about 70 km south-west of Stockholm, in the 
county of Södermaland.  

The bedrock in the Vagnhärad area, is rather flat only slightly undulated, generating a smooth irregular 
landscape with gentle inclined low hills exposing till layers or bedrock divided by solitary well-defined valleys 
governing the pattern of the river systems and their catchment areas.  

The entire Vagnhärad area has been flooded during considerable time since the ice-age by the predecessors to the 
present Baltic Sea including both relatively long phases with predominantly fresh water (lacustrine), however 
also brackish water periods. The soil depths are small to moderate.  

Typically and simplified, the soil layer stratigraphy could be described as follows, Andersson et al. [1998]. 
Frequently, till is layered directly on the bedrock, however, the bedrock is more or less exposed on the upper part 
of the hills. In the valleys and in lower parts of the hill slopes, the till is covered by varved glacial silty clay (silt 
varves in the clay) and on top post glacial clay. In the lower parts of the valleys, layers of organic soils, e.g. 
gyttja, gyttja clay and peat are layered on the clay. Further, along the river shores, alluvial deposits compiled by 
silt and sand can be found under bedded by older sediments as, e.g. clay and organic soils. As the paths of the 
rivers frequently move due to meandering, today these alluvial deposits can be found on distance from the 
present river position. 

The fine sediment layers in the valleys are 5-15 m thick, and the main part is compiled by the varved clay. The 
silty varves in the clay are thicker and most frequent in the bottom of the clay layers. Most commonly the upper 
1-3 m part of the clay layer has formed a dry crust. 
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4.1.1.2 Sundsvall 

The municipality of Sundsvall is located along the main rivers Indalsälven and Ljungan in the county of 
Västernorrland, Sweden. The investigated area is principally located in the long valleys following these rivers. 
Soil layers in those long valleys consist in most cases of loose sediment such as sand, silt and sandy/silty clay. 
These glacial and post glacial soils sediments are under bedded by till. However, as the topography vary, and 
partly layers of more fine grained and loose soils do not exist, till or bedrock outcrops can occasionally also be 
encountered at the surface in many areas. The loose sediments are very sensible to erosion, either by the rivers 
and by their tributaries or by groundwater flow. The river flank slopes are in most cases elongated, but steep 
slopes exist. The risk for earth fall, landslides and erosion may increase because of external influence such as 
excavation, water adjustments and timber-cutting, as well as the climate change, which in the area will mean 
increased precipitation, hence increased pore-water pressures in the soil voids (Tyréns, 2007a) . 

Alongside the rivers, the soil consists of sediments compiled by clay, sand and silt. Sand is often encountered in 
the surface and fine granulated material such as silt and clay are found deeper down. Sulphide soils have been 
encountered in the area (Tyréns 2007a). 

4.1.2 Landslides in the test areas 

4.1.2.1 The landslide in Vagnhärad 1997 

At 00.59 am on May 23, 1997, a 200 m wide and 60 m long landslide occurred at Ödesby, Andersson et al. 
[1998, 2000]. Seven one-family houses were destroyed or undermined, Figure 4-2 and Figure 4-3. As a impact 
of the slide and unstable ground, totally 29 houses were decided to be abandoned and demolished.  

Before the landslide 1997 cracks were observed on May 11 in a walk and bike road. The ground moved 2 cm per 
hour, and on May 15 a landslide 50 by 35 m had developed down slope the built up area. After that first 
landslide, the ground movements in the area between the first slide and the houses continued, and the large 
landslide took place on May 23.  

 

Figure 4-2:  Plan over the Vagnhärad landslide, the initial slide and the main slide is marked on the map 
(Andersson et. al. 1998). 
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Figure 4-3:  The Vagnhärad landslide. Seven houses were destroyed. Photo: J. Lindgren, SGI. 
 

The landslide area consisted of a clay slope leading to the river. The total height of the clay slope was about 15 
m. To this is added the depth of the river which was 2 m. The inclination varied and was 1:5 in the steepest part 
where the landslide occurred.  

The natural soil layers in the slope consists of varved silty clay containing varves of silt, Andersson et al. [1998, 
2000]. The clay layers are underbedded by a frictional soil, probably till. The thickness of the clay layers varies 
between 1 m at the top of the slope to 10-14 m at the toe. The clay layer on the frictional soil acts as a closed 
ground water aquifer with artesian groundwater pressure in the low part of the slope. Upslope the clay area the 
soil consists of till on bedrock and rock outcrop. In this area infiltration of water from rain and melting snow 
takes place.   

  

 

Figure 4-4: The landslide site in Vagnhärad. Soil stratigraphy before the slide occurred, modified after, 
Andersson et al. [1998]. 
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4.1.2.2 Landslides in the Sundsvall area 2002 – 2007 

Two landslides in the area in recent years have been studied, one gully formed at Silje in 2006 and one landslide 
att Axvägen, in the direction of Ljungan River in 2007, see Figure 4-5. 

 

Figure 4-5.   Location of the Silje and Axvägen landslides.  
 

Landslide at Ljungan,  Axvägen (Njurundabommen) 

On June 25, 2007, a landslide took place at Axvägen in Njurundabommen. The landslide occurred in the 
direction of the Ljungan River. It was about 40 meters long alongside Axvägen and only some meters from the 
roadside. 

In 2001 reinforcement measures was carried out to improve the stability in the area. The upper part of the slope 
was excavated to an inclination of 1:2 and a distance of one meter from Axvägen. This was done in a stretch of 
road of about 25 meters, (Blumenberg, 2007). 

Now another landslide has occurred instantly downstream the same excavation that was carried out in 2001, see 
Figure 4-6 and Figure 4-7. 

 

Figure 4-6:  Schematic description of Axvägen landslide, Ljungan (modified from SGI, 2008). 
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Figure 4-7:  The Axvägen landslide seen from down below. Photo: Leif Ferm 2007-06-25 

 

Gully at Silje west Sundsvall 

In September 2006 a gully was formed at Silje, west Sundsvall, see Figure 4-8. It has a length of 200-300 meters 
and a width up to 5 meters. The depth of the gully is up to 3 m. The forest transport road has been partly eroded 
and no damages to the houses or other constructions have been declared. The ravine was developed from east to 
west. No measurements of movements have been carried out. Since the subjected area is woodland, no 
reinforcement measures have been taken. 

 

Figure 4-8:  Ravine at Silje west Sundsvall.  
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4.2 RESULTS FROM THE METHODS TESTED AT THE TEST SITES 

4.2.1 Geophysical data – resistivity measurements 

4.2.1.1 Resistivity measurements in Vagnhärad 

In the Mölna-Husby Kvarn area an in-depth (extended) stability investigation has been carried out (SWECO 
VBB,  2004) and parts of the area has been evaluated as having unsatisfactory stability. In these parts resistivity 
measurements have been carried out. As described by IMAA in the PREVIEW document 5230-1 Service 
Development Dossier, Landslides, six 2D Electrical Resistivity tomographies have been carried out in Trosa test-
site in 2006 with the aim of reconstructing the geometry of the subsoil. A multielectrode system with 32 
electrodes and two different electrode configurations (Wenner-Schlumberger and dipole-dipole) were applied. 
An electrode spacing changing in the range 2.5 – 5 m has been used and an investigation depth varying in the 
range 13 – 20 m has been reached. A 2D ERT was performed in the Vagnhärad area where a landslide occurred 
in 1997. The area was already stabilized with lime-cement columns and also investigated earlier by means of a 
geoelectrical survey in 2001, soon after the stabilization. The tomography has been carried out with the aim of 
comparing the present geometrical reconstruction of the subsoil (2006) with the situation soon after the 
stabilization (2001). The validation consisted of comparing the new ERT with the geotechnical investigations 
carried out in the area in 1997.  

 

Figure 4-9:  Sections for resistivity measurements (A – F) in Mölna – Husby kvarn together with the 
geotechnical sections (100 and 150) used in the comparison. 
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Figure 4-10:  Sections for resistivity measurements in the 1997 landslide area 
(http://spatial.telespazio.it/preview/login/). 

 

4.2.1.2 Results and validation – landslide area 

The results from the resistivity measurements in 2001 in the landslide area in Vagnhärad are described by Dahlin 
et. al.(2001) as follows: The results from the resistivity measurements in the landslide area shows an upper layer, 
up to 2 m, with resistivity measurements up to 500 Ωm. Below this layer is a low resistivity material (70 Ωm ) 
with a thickness of about 5 to 10 m. Thereafter comes a sliding transition to a firm layer with very high 
resistivity measurements of several thousand Ωm. The slightly higher resistivity values in the lower part of the 
slope indicates the reinforcement area with lime-cement columns. The results are presented in Figure 4-11. 
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Figure 4-11: Results from the geophysical measurements in 2001 (line 3) from the Vagnhärad sliding area after 
mitigation work (data from Dahlin et. al., 2001).  

 

 

Figure 4-12: Results from the geophysical measurements in 2006 from the Vagnhärad sliding area after 
mitigation work. 

 

The results from the resistivity measurements in 2006 are presented in Figure 4-12. The section for resistivity 
measurements carried out by IMAA  in 2006 are in about the same position as the resistivity measurements in 
section 3 carried out by Dahlin et. al. (2001). Comparing these two tomographies there are some discrepancies. 
In the resistivity tomography from 2006 there is one area with high resistivities in the surface (from about length 
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50 to 60 m), which can not be found in the tomography from 2001. Similarily, there are two areas with lower 
resistivities deeper down in the tomography from 2006 (at about 50 to 60 m and 80 m length), which can not be 
found in the tomography from 2001. According to Wisén (2008) these discrepancies can be related to a greater 
amount of data in the measurements from 2006, resulting in higher contrasts in the resistivity tomography and a 
newer version of the computer program for data analysis (inversion program).  

Comparing the results of the resistivity measurements with the interpreted section from geotechnical 
investigations, it has to be taken into account that the resistivity measurements in the landslide area was 
performed several years after the slide had occurred. The geotechnical interpreted section shows the soil layers 
before the landslide occurred. 

The resistivity measurements describes very well the thickness of the clay layer in the area. The sliding transition 
between the clay and bedrock, can be an indication of the friction soil between these two layers. 

In the landslide area at Vagnhärad the interpretation of the subsoil based on geotechnical field and laboratory 
investigation is shown in Figure 4-13.  

Compared to the resistivity measurements, the traditional geotechnical data shows similar results. The thickness 
of the silt/sand layer have not been properly determined by the geotechnical investigations and therefore has the 
result from the resistivity measurements given valuable input about this part of the soil profile. Although, the 
transition between the different soil layers are not completely easy to see. 

 

Figure 4-13:  Interpreted results from the geotechnical investigations from the Vagnhärad sliding area before 
the slide. 

 

4.2.1.3 Results and validation -  Mölna - Husby kvarn area 

The results of the resistivity models from the measurements in Mölna are described by Wisén (Tyréns, 2007b), 
as follows (see also Attachment A): The top layer has medium to low resistivities, between 50 -100 ohmm and a 
thickness of up to 2 m. Thereunder, is a layer which has low resistivities <50 ohmm and a thickness from a few 
to almost 10 m. Sometimes this layer can be divided into two layers, where the lower layer has very low 
resistivities, <15 ohmm. The next layer has intermediate resistivities, around 50 – 200 ohmm. This layer is 
present more like a transition zone from low to high resistivities, rather than a unique layer. The thickness of this 
layer can not be estimated without reference information. The bottom layer has high resistivities, from a few 
hundred to several thousand ohmm. Embedded in the second layer there are sometimes lenses with intermediate 
resistivities (50-75 ohmm) and in the bottom layer, there are sometimes vertical structures with intermediate 
resistivities. Typical results (sections AA, FF, BB and EE) from the resistivity measurements in the Mölna-
Husby kvarn area are shown in Figure 4-14 to Figure 4-17,. The river is placed to the right in these figures. 

The interpretation of the results from the resistivity measurements in Mölna-Husby kvarn indicate fill and dry 
crust clay at the top of the soil profile, the layers thereunder with low resistivites (<50 ohmm) correspond to 
(post glacial and glacial) clay, possibly with lenses of silt and sand. The transition zone thereunder indicate a 
layer of till/frictional soil, and the bottom layer correspond to gneissic bedrock. The interpreted boundaries 
between the different soil layers, sections AA, FF, BB and EE, are presented on top of the results of the 
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resistivity measurements in Figure 4-18 to Figure 4-21. Observe the correspondence between the two sections in 
the same location, sections AA (short section) and FF (long section), for example the “silt lens” distance 35-40m 
in AA and 95-100 m in FF. 

As described by Wisén (Tyréns, 2007b, Attachment A) the uncertainty in the resistivity model should be 
acknowledged when studying the geological interpretation. Geometry as well as resistivity can differ from true 
conditions. In general there is a lowering of the resolution with depth, with the effect that the interpretation of the 
bedrock surface is more uncertain than for example the boundaries of the clay layer. Another problem, which 
have several causes, is the inability to correctly interpret the thickness of the till layer in this type of soil profile. 

 

Figure 4-14: Results from the geophysical measurements in the Mölna-Husby kvarn area, section AA. 
 

 

Figure 4-15: Results from the geophysical measurements in the Mölna-Husby kvarn area, section FF. The same 
location as AA, but a longer section. 
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Figure 4-16: Results from the geophysical measurements from the Mölna-Husby kvarn area, section BB. 
 

 

Figure 4-17: Results from the geophysical measurements from the Mölna-Husby kvarn area, section EE. 
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Figure 4-18:  Interpretation of the results from the geophysical measurements in the Mölna-Husby kvarn area, 
section AA. 

 

Figure 4-19: Interpretation of the results from the geophysical measurements in the Mölna-Husby kvarn area, 
section FF. The same location as AA, but a longer section. 
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Figure 4-20: Interpretation of the results from the geophysical measurements from the Mölna-Husby kvarn 
area, section BB. 

 

 

Figure 4-21: Interpretation of the results from the geophysical measurements from the Mölna-Husby kvarn 
area, section EE. 

 

In Mölna the interpretation of the subsoil based on geotechnical field and laboratory investigation in section 100 
is shown in Figure 4-22: The traditional geotechnical investigations show basically the same results as the 
interpreted results from the resistivity measurements, see Figure 4-23. The resistivity measurement for section 
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150, shows more variations and is not as easily interpreted, see Figure 4-24 and Figure 4-25. The location of the 
sections are shown in Figure 4-9, above. 

 
Figure 4-22: Interpreted results from the geotechnical investigations from the Mölna-Husby kvarn area, section 

100. 

Gneissic bedrock 
 

Till

Post-glacial and glacial clay 

Fill and dry crust clay 

 

Figure 4-23: Interpretated results from the geophysical investigations from the Mölna-Husby kvarn, section 100 
(BB). Note that the river is to the right. 



PREVIEW – Landslides test site platform                                                                                            

 © Eurorisk Consortium 31 of 50 

 

Figure 4-24: Interpreted results from the geotechnical investigations from the Mölna-Husby kvarn area, section 
150. 

 

Fill and dry crust clay 

Post-glacial and glacial clay Lenses of silt 
and sand 

Till

Gneissic bedrock 

 

Figure 4-25: Interpreted results from the geophysical investigations from the Mölna-Husby kvarn, section 150 
(EE). Note that the river is to the right. 
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4.2.2 Satellite radar data – Differential SAR Interferometry 

4.2.2.1 DIFSAR analysis for Vagnhärad 

Differential interferometry was the method used by Telespazio for the production of mean velocity maps. This 
technique requires at least two (but in this case several dozens of) radar images that have been rectified with a 
digital elevation model for the purpose of removing layover effects due to terrain. The principle for identifying 
ground movement is based on the creation of a reference interferogram (an image describing the difference 
between the two images). Additional interferograms are created that contain information on topography and 
distortion. Using the reference interferogram as a base, the second and subsequent interferograms are subtracted, 
providing information on movement (called differential fringe). The ground movement is measured along the 
line of sight of the sensor. 

The analysis conducted in the vicinity of Vagnhärad was based on synthetic aperture radar (SAR) images 
acquired by the ERS-1 and ERS-2 satellites. The analysis is described by Telespazio in the PREVIEW 
documents 5210-2 Landslides service specification and 5230-1 Service Development Dossier, Landslides, as 
follows: 

Sweden test site Vagnhärad: ERS data period 1995-1996  

A set of nine radar images, acquired by the ERS-1 and ERS2 satellites, has been used to measure the terrain 
displacement mean velocity in the area of Vagnhärad (Sweden) during the period between April 1995 and 
December 1996.  

The PSP technique was applied in order to understand if eventual slow terrain motions occurring before the 
landslide, were observable. Unfortunately, because of the small number of images and the low coherence of the 
SAR signal in the area of the landslide, it was impossible to extract reliable measures of terrain displacement in 
correspondence with the phenomenon.  

Processing 

SAR images acquired during the winter were eliminated from the set of available images taken before the 
landslide. All remaining images were co-registered with respect to a common image.  

The number of available images is small and does not permit the processing of the full-resolution data, therefore, 
it is necessary to reduce the spatial resolution (40x40 m2) in order to minimize spatial decorrelation, as explained 
by Telespazio in the methodology description (see 5230-1 Service Development Dossier). 

The main steps of the processing are: 

- Selection of small-baseline interferograms: this requirement reduces the number of SAR 
images available to ten, covering the period 11/06/1996-14/10/1996, with nine consecutive 
small-baseline pairs. 

- Removal of topographic contribution from all interferograms using an independent DEM  
- Generation of the coherence maps for each interferogram. 
- Selection of coherent points: they are those points that remain coherent in all coherence maps. 
- Sparse phase unwrapping: only phase values in correspondence of the selected points are 

unwrapped 
- Generation of displacement mean velocity: it is obtained through the temporal combination of 

unwrapped phases, in which a high-valued weight is given to the regularization constraints 
(minimum acceleration), so that the combination consists practically in the fitting data with a 
straight line. 

- Finally, the mean velocity map is geo-referenced in cartographic projection. 
 

Unfortunately, no points coherent on the whole stack of coherence maps have been found on the area of interest, 
because of the low coherence of available SAR data. This means that the slow terrain displacements allegedly 
occurred before the slope failure can not be detected with DIFSAR techniques, because of the reduced number of 
available SAR images. 
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In Table 4-1, Figure 4-26 and Figure 4-27, the estimated error for single interferometric measurements and for 
displacement mean velocities are reported. How these errors have been calculated are described by Telespazio in 
the PREVIEW document 5230-1 Service Development Dossier. The statistics refer to all identified coherent 
points for a total of 14973 points (σ). 

Table 4-1:  Values in the table indicate the error for single interferometric measurements and for estimated 
displacement mean velocities. 

 Min Max Mean Median Std. dev. 90% confidence 
level 

Single 
interferometric 
measurements 

nσ  (mm) 

0.8 51.7 6.6 5.3 4.7 11.9 

Estimated 
displacement 
mean velocity 

vσ  (mm/year) 

0.3 20.2 2.6 2.1 1.8 4.6 
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Figure 4-26: Histogram showing the estimated error for single interferometric measurements. The histogram 
refers to a set of 14973 coherent points. 
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Figure 4-27: Histogram showing the displacement mean velocity error. The histogram refers to a set of 14973 
coherent points. 

 

Sweden test site: ERS data period 1995-2000  

A set of 35 radar images, acquired by the ERS-1 and ERS2 satellites, were used to measure the terrain 
displacement mean velocity in the area of Vagnhärad (Sweden) during the period between April 1995 and 
January 2001. In Table 4-3, Figure 4-27 and Figure 4-28, the estimated error for single interferometric 
measurements and for displacement mean velocities are reported. How these statistics have been calculated are 
described by Telespazio in the PREVIEW document 5230-1 Service Development Dossier. The statistics refers 
to all identified coherent points for a total of 1354 points (σ). 
 

Table 4-2: Statistic of the errors on single interferometric measurement, displacement mean velocity and 
estimated displacement. 

 Min Max Mean Median Std. dev. 90% 
confidence 
level 

Single 
interferometric 
measurements 

nσ  (mm) 

1.4 8.2 4.1 4.2 1.2 5.5 

Estimated 
displacement 
mean velocity 

vσ  (mm/year) 

0.1 0.5 0.3 0.3 0.1 0.3 
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Table 4-3: Histogram of the estimated error for single interferometric measurement. The histogram refers to 
a set of 1354 coherent points. 
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Figure 4-28: Histogram of the displacement mean velocity error. The histogram refers to a set of 1354 coherent 
points. 

 

4.2.2.2 Results and validation – Vagnhärad 1997 landslide 

The result of the analysis was delivered to the users in the form of a vector file containing point data. Each data 
point contained information concerning the movement (upward or downward) for that particular location. These 
results were also published on the PREVIEW WebGIS. The terrain displacement is measured along the line of 
sight of the sensor. This measure is available only on a sparse set of points, typically corresponding to urban 
areas, arid terrain, man-made infrastructures, etc (e.g. rock outcrops, houses, buildings, roads, railways etc.). The 
extension of the cell relative to a single measurement is about 40x40m2 wide. Figure 4-29 shows the DIFSAR 
mean velocity map for the period April 1995 to December 1996. It can be seen that only two coherent points lie 
in the 1997 landslide area and none of them indicate movements. There are some points indicating movements 
larger than 5 mm/year (red). However, since no evidence of other activities in the area that could cause 
“movements” (at least in the radar image) has been available, it is not possible to evaluate them in any way. It 
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should be noted that there are several points, particularly on the DIFSAR mean velocity map for the period 1995 
to 2001, that show movements larger than 5 mm/year, see Figure 4-30. 

 
 

Figure 4-29: DIFSAR mean velocity map for the landslide area in Vagnhärad during the period April 1995 to 
December 1996 (http://spatial.telespazio.it/preview/login/). 

  

 

 

Figure 4-30: DIFSAR mean velocity map for the landslide area in Vagnhärad during the period April 1995 to 
January 2001 (http://spatial.telespazio.it/preview/login/). 

 

No measurements of vertical movements with traditional methods have been carried out in the area. In an effort 
to validate the measurements from the DIFSAR analysis, a comparison with inclinometer measurements has 
been made. Inclinometer measurements have been conducted on several places in the Vagnhärad region. As the 
inclinometer measures horizontal movements, the size of the movements are not comparable. However, a large 
horizontal movement could be an indication of also a vertical movement. The inclinometer measurements around 
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the Länsmansvägen area, on the opposite side of the Trosa river from the landslide area, shows only small 
movements in the upper top of the tube (measurements March to July 1998). The measurements around the 
sewage treatment area show only minor movements on the order of a few millimetres (measurements 
October/December 1997 to February 1999). The inclinometer measurements in the slide area shows horizontal 
movements towards the river, between 50-280 mm in the upper 5 m of the soil profile and then the movements 
are reduced to zero at 10 m depth of the soil (measurements December 1997 to November 1999).  

4.2.2.3 DIFSAR analysis for Sundsvall 

Sweden test site: Sundsvall 

Input data 

In the Sundsvall test area, two significant landslides occurred in 2006 and 2007. The first one was at Silje, west 
of Sundsvall and the second one was at Axvägen, Ljungan, south of Sundsvall.  

According to Telespazio, a set of only 19 ENVISAT descending mode images were selected (track 208 – frame 
2339), spanning the period March 2003 – November 2007.  

Terrain displacement analysis were performed on the area of Sundsvall, but because of the small number of 
images and the low coherence of SAR signal in the landslides area, it was impossible to retrieve reliable 
measurements of terrain displacement in correspondence of the phenomenon. 

Processing 

As described by Telespazio, interferometric analysis based on PSP technique (Persistent Scatterer Pairs) were 
applied to the entire set of selected images in order to retrieve the displacement mean velocity in the period 
2003-2007.  

The main steps of the processing are: 

- co-registration of SLC SAR images with respect to a common image. 
- generation of interferograms with respect to the earliest image and removal of the topographic 

contribution using an independent DEM. 
- Selection of the coherent points: this operation has been carried out using full resolution 

interferograms. Therefore, a single measurement refers to an area about 20x5m2 wide. The PSP 
technique, developed in Telespazio, has been exploited in order to select sparse coherent points 
on the zone of interest and to determine the displacement mean velocity and the elevation in 
correspondence of such points. 

- Finally, the mean velocity map is geo-referenced in cartographic projection. 
 

Unfortunately, no coherent points have been found on the landslide areas because of the reduced number of 
available SAR data and the low coherence of SAR signal.  

4.2.2.4 Results and validation – Sundsvall landslides 

A displacement mean velocity map (DIFSAR) relative to the period 2003-2007 was generated by Telespazio. 
The spatial resolution of this map is of about 20m x 5m. The terrain displacement is measured along the line of 
sight of the sensor. This measure is available only on a sparse set of points, typically corresponding to urban 
areas, arid terrain, man-made infrastructures, etc (e.g. rock outcrops, houses, buildings, roads, railways etc.). The 
DIFSAR mean velocity map of Sundsvall show no movements within the area during the actual period. The 
results of central Sundsvall (on the WEB site) is shown in Figure 4-31. 
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Figure 4-31: DIFSAR mean velocity map of central Sundsvall during the period 2003 – 2007 
(http://spatial.telespazio.it/preview/login/). 

 

The DIFSAR analysis for the areas with the landslides at Silje and Ljungan is shown in Figure 4-32. It can be 
seen that no coherent points lie in the landslide areas. This is not surprising, as the only area within the landslide 
areas that could reflect the radar signals were a part of a minor road (Axvägen) at Ljungan. The other parts of the 
landslide areas were vegetated. 
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Figure 4-32: DIFSAR mean velocity map of the Silje and Ljungan (Axvägen) landslide areas during the period 
2003 – 2007. 

 

 

4.3 TEST SITE PLATFORM - SERVICES APPLICABLE TO THE TEST SITE 

The test site platform is described more in detail in PREVIEW document 5230-1 Service Development Dossier.  

4.3.1 Introduction  

Telespazio is the partner responsible for the platform which is presented at: 

http://spatial.telespazio.it/preview/login/ 

 The objective of the platform is providing two different services: 

• Service 1: Monitoring of deep seated  slow moving landslides  

• Service2: Prediction and early warning of shallow rapid slope movements. 

To access the service the user shall open web interface via browser. The home page presents a user login form in 
which the user shall authenticate. To login there is a username and a password communicated to each partner in 
the project. If the reader of this report want to have a look at the test site platform, the username and password 
can be obtained from one of the authors.   
 
After login the user is presented with a map of Europe containing a number of colored spots corresponding to the 
available test sites for the selected Landslide service, see Figure 4-33. Clicking on a spot, the user is introduced 
to the decided test area service. This decision step, based on colored spots, has been implemented only in this 
prototypal phase in which each test site is independent from the others in terms users, coordinate projection 
system etc. For example, data regarding Swedish test sites are stored and presented in local coordinate projection 
different from the Italian ones. 
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Figure 4-33: PREVIEW Landslides services WEB platform (http://spatial.telespazio.it/preview/login/). 
 
Once selected the test area user will be introduced to the Service main page, see Figure 4-34. In this page there is 
a map containing a certain number of GIS layers. These layers are divided in groups having homogeneous 
content in order to ease data consultation. Expanding a group in the Datasets menu the user can select or deselect 
which layers to visualize in the map area. For visual purposes, the maps sometimes have a raster background. 
This raster file is typically an aerial photograph or a very high resolution satellite image (Ikonos or Quickbird).  

 

 

Figure 4-34: The landslide service main page for test site Vagnhärad 
(http://spatial.telespazio.it/preview/login/). 
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Service 1 provides information services from monitoring deep seated landslides by application of remote sensing 
interferometric techniques and the integration of different information sources and several existent pre-
operational functions for obtaining estimates of landslide risk assessment and hazard zonation. 

The legend of the WEB GIS Service for Vagnhärad is presented in Attachment B and the legend for Sundsvall in 
Attachment C. 

Scale, reference system and format 

The scale is related to the input end user inventory map, availability of the local cartography and user 
requirements. For example, in unvegetated areas frequently affected by landslides – e.g. mountainous regions of 
Italy, the scale usually ranges from a minimum of 1:50 000 to a maximum of 1: 10 000. However, in areas 
typically affected in Sweden – such as Vagnhärad municipality – the landslide area is much smaller allowing for 
scales on the order of 1:5000 or better.  

Locational accuracy for the Swedish maps are generally accepted to be less than 1 meter but this will depend on 
the map in question. Details concerning the specifics for each map will be indicated in the legend section of the 
map. 

Due to the international characteristic of the project, the geographic reference system is WGS 84 coupled with a 
Universal Transverse Mercator (UTM) coordinate system. The Swedish coverage is almost exclusively within 
UTM zones 33 and 34 (a small strip of western Sweden is within zone 32), with the majority of land and 
population within zone 33.  

Almost all geographic reference data within Sweden is in a different coordinate system. Rikets nät (RT90), or a 
local variant of this, has long been the nationwide standard. In January 2007, the Swedish standard changed from 
RT90 to SWEREF99, which is directly compatible to the UTM system. All new geographic information will be 
produced in this coordinate system and all relevant existing data will eventually be converted. Since SWEREF99 
is based on a Transverse Mercator projection, it can be converted easily to UTM. 

The original data came in a wide variety of formats (ESRI, MapInfo, CAD) but, prior to reprojecting the data 
into UTM coordinates, everything was converted to ESRI shapefiles. 

4.3.2 Landslides inventory map 

For deep seated fast moving landslides, typical the Swedish landslides, the inventory map consists of GIS layers 
containing areas with old landslide scars, gullies, ongoing erosion and fill. The landslides inventory maps for 
Vagnhärad and Sundsvall are presented in Figure 4-35. A legend for the landslides inventory map for Vagnhärad 
is presented in Attachment B. and the legend for Sundsvall in Attachment C. 
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Figure 4-35: Landslide inventory map for Vagnhärad (above) and Sundsvall (below) 
(http://spatial.telespazio.it/preview/login/). 

4.3.3 Geophysical sections 

2D Electrical Resistivity Tomography (ERT) is a high-resolution electrical image which reports the spatial 
distribution of the subsoil resistivity. The sections where resistivity measurements have been carried out by 
IMAA can be shown on the test site maps by “clicking” in the geophysical sections boxes. By “clicking” on one 
of the section-lines on the map, the resistivity tomography can then be visualized, see Figure 4-36. The 
interpreted sections are available as a file under the “Reports” heading together with a legend for the sections 
(see section 4.3.9 below). 

 

Figure 4-36: Map of Vagnhärad with one of the resistivity sections together with the resistivity tomography for 
that section (http://spatial.telespazio.it/preview/login/). 
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4.3.4 DIFSAR mean velocity map 

The DIFSAR mean velocity map shows the result of the EO-data (radar) analysis conducted by Telespazio. The 
information the map provides is expressed via color-coded points located on a map of Vagnhärad. The map has a 
very high resolution, color Ikonos image as background for viewing purposes. 

The points represent an average by using the calculated movement for each point divided by the time period 
between the first and last images acquired. That is, each point is calculated to a distance moved per year value 
(up or down), Valid points, when using DIFSAR analysis, are limited to “persistent” scatterers – i.e. objects that 
do not otherwise change shape (or reflection characteristics) over time (e.g. buildings and rooftops, highways). 
The DIFSAR mean velocity maps for Vagnhärad and Sundsvall are shown in Figure 4-37. 

 

 

 

Figure 4-37: DIFSAR mean velocity map for Vagnhärad (above) and Sundsvall (below) 
(http://spatial.telespazio.it/preview/login/). 
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4.3.5 Susceptibility map 1a 

A susceptibility map is comprised of three different maps, which are based on the Swedish methodology for 
landslide hazard mapping.  

Susceptibility map 1a is a map with division into stability zones. The Swedish Civil Contingencies Agency 
(MSB) is the Government Agency responsible for the production of maps 1a and 1b for the Swedish 
municipalities. Zone I comprises areas with prerequisites for spontaneous initial slides. Zone II includes areas 
that could be affected by landslides initiated in zone I. Stability zone III comprises land where prerequisites for 
landslides, such as loose soils, clay and silt are not present (Swedish Geotechnical Institute, 1996). Other 
information of interest such as scars of old landslides, ongoing erosion, fill and presence of quick clay could be 
indicated on the same map by selecting them under the landslides inventory map Table of Content on the left 
side of the WebGIS. A legend for the susceptibility maps for Vagnhärad is presented in Attachment B and the 
legend for Sundsvall in Attachment C. Susceptibility maps 1a for Vagnhärad and Sundsvall are shown in Figure 
4-38. 

 

 

Figure 4-38: Susceptibility maps 1a for Vagnhärad and Sundsvall without information from the landslides 
inventory maps (http://spatial.telespazio.it/preview/login/). 
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4.3.6 Susceptibility map 1b 

Susceptibility map 1b is a map with built up areas, which are considered to have unsatisfactory stability, marked 
by shading. A legend for the susceptibility maps for Vagnhärad is presented in Attachment B and the legend for 
Sundsvall in Attachment C. Other information of interest such as scars of old landslides, ongoing erosion and 
presence of quick clay could be indicated on the same map by selecting them under the landslides inventory map 
Table of Contents on the left side of the WebGIS (Swedish Geotechnical Institute, 1996). 

In the Swedish susceptibility map 1b, there should be sections represented by vectors. By “clicking” on these 
lines their corresponding calculated factor of safety, F, as well as where the investigation is archived, should be 
shown. Unfortunately, these data have not yet been added to the WebGIS. Consequently the information about 
location of calculated sections and accompanying factors of safety (with undrained, drained and/or combined 
analysis) are missing. Susceptibility maps 1b for Vagnhärad and Sundsvall, without sections with factors of 
safety, are shown in Figure 4-39. 

 

 

Figure 4-39: Susceptibility maps 1b for Vagnhärad and Sundsvall (north-western part) 
(http://spatial.telespazio.it/preview/login/). Sections with factors of safety are not available. Also 
for Sundsvall the whole legend should be in English. 
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4.3.7 Priority table 

A proposal for the prioritization of landslide susceptible areas has been developed during the latter stages of the 
project. The proposal is in the form of a table for prioritization, see section 3.4. This priority table is based on the 
stability conditions assessed in sub-stage 1b of the Swedish landslide hazard zonation method, i.e. susceptibility 
map 1b. The intention is that each municipality should be able to adapt the table for local conditions, e.g. to 
include important factors for landslide susceptibility and/or impact in their area. 

The priority table has not been included in the WEB site but could be included as a table under the “Reports” 
section. However, it is included in the report “Technical validation – Swedish test site Sundsvall” under the 
“Reports section”, see section 4.3.9 below. 

4.3.8 Susceptibility map 2 

Susceptibility map 2 is a map with stability class divisions. The stability classes are based on detailed stability 
investigations and conventional stability calculations in representative sections. The limits between the stability 
classes are based on the recommendations in the Guidelines for Slope Stability Investigations of clay, silt and 
sediments (Comission of Slope Stability, 1995) and the Landslide risk analysis of the Göta River Valley (Alén 
et. al. 1999 and Alén et. al. 2000).  

For the Vagnhärad test site the stability classes are as follows: 

Stability 
class 

Safety factor undrained analysis 
(Fc) 

Safety factor combined analysis 
(Fk) 

4 Fc < 1.2 Fk < 1.15 

3 1.2 < Fc < 1.5 1.15 < Fk < 1.35 

2 1.5 < Fc < 1.7 1.35 < Fk < 1.45 

1 1.7 < Fc  1.45 < Fk  

 

The stability classes used are: stability class 4 – obvious probability of a landslide, stability class 3 – likely 
probability of a landslide, stability class 2 – some probability of a landslide, stability class 1 – negligible 
probability of a landslide. 

The susceptibility map 2 for Vagnhärad is shown in Figure 4-40. 

 

Figure 4-40: Susceptibility map 2 for Vagnhärad (http://spatial.telespazio.it/preview/login/). 
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For the Sundsvall test site, hardly any detailed investigations have yet been performed since the sub-stage 1b of 
the Swedish landslide hazard zonation method just have been finalized. Therefore no susceptibility map have 
been produced for the Sundsvall test site. 

On the other hand, for the Vagnhärad area, most of the areas where detailed investigations have been carried out, 
have now been reinforced. Therefore, the susceptibility map 2 for Vagnhärad is out of date and should be seen as 
an example on how the results of detailed investigations can be presented.  

Sections indicating performed detailed stability calculations are indicated by vectors on the map. Figures 
visualizing profiles of the soil layer distribution, the calculated factor of safety, F, and the shear surfaces of 
performed stability calculations by combined and undrained analysis, as well as where the investigation is 
archived, are available by “clicking” on the section line on the map (attribute data), see Figure 4-41. 

A legend for the susceptibility maps for Vagnhärad is presented in Attachment B and the legend for Sundsvall in 
Attachment C. 

 

Figure 4-41: Susceptibility map 2 for Vagnhärad including sections (profiles) and with one section “clicked” 
up as a profile (http://spatial.telespazio.it/preview/login/). 

4.3.9 Links and reports 

On the WEB site there is a heading for external links, which today includes the link to the WEB site of the 
PREVIEW project, and one heading for reports. Under the “Reports” heading the legend for Vagnhärad and the 
legend for Sundsvall test sites can be assessed by “clicking” the link. Under this heading, two reports about 
technical validation for the two test sites can also be found; “Technical Validation – Swedish test site 
Vagnhärad” and “Technical Validation – Swedish test site Sundsvall”. These two reports are meant to be of help 
to the user of the WEB site and contain the background of the Swedish landslide hazard zonation method, 
information about the test sites, brief description of traditional geotechnical investigation methods as well as the 
methods used in this project, brief description of the WEB site and something about validation and evaluation of 
the tested methods. The “Reports” heading for Vagnhärad is shown in Figure 4-42. 
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Figure 4-42: Content under the Reports heading for Vagnhärad (http://spatial.telespazio.it/preview/login/). 
 

5. EXPERIENCES AND EVALUATION  

5.1 THE TEST SITE PLATFORM (WEB GIS PLATFORM) 

5.1.1 General 

The service, the GIS-portal gives a possibility for officials in the municipalities to have an overview of build up 
areas with good or less stability. However, the service requires updating, both when detailed stability 
investigations have been carried out in an area (map 1b no longer valid in that area), and after reinforcement 
measurements have been carried out (map 2 no longer valid in that area). 

The WebGIS platform is quite easy to manage. However, the user must have an understanding of the content of 
the different maps and how they can be combined. The whole, or parts of the landslides inventory map can be 
combined with all susceptibility maps. Susceptibility map 1a shows areas with prerequisites for landslides and 
areas without prerequisites for landslides, and can be of interest even if there is a map 1b or a map 2, for example 
for planning purposes, when there are load changes etc.  

The resistivity tomographies are probably quite difficult to understand for everyone except for geophysicists. To 
be understood by users in the municipalities they need to be interpreted. Thus, it would be better if the 
interpreted sections are shown when “clicking” on the resistivity sections. The sections showing the results from 
the detailed stability calculations can be a support for experts or for those within the municipalities that have an 
understanding of results from stability calculations. This will vary from one municipality to another. The 
WebGIS portal gives an overview of the landslide susceptibility in built up areas within each municipality for 
land use planning for municipality planners and contingency planning for emergency fire services. 

5.1.2 Priority table 

If there is a lot of built up areas that are considered having unsatisfactory stability in map 1b, the priority table 
gives a possibility for the municipality to see in which areas detailed investigations should be prioritized. The 
priority table can also give an indication of where early warning systems could be of utmost importance.   

Local experiences are also very important and must be considered when using the list. 



PREVIEW – Landslides test site platform                                                                                            

 © Eurorisk Consortium 49 of 50 

5.1.3 Susceptibility map 2 

The susceptibility map 2 is one way to give end users in the municipalities an overview and possibility to 
complement when expert investigations have been performed, to easier get an overview, together with impacts, 
where mitigation works need to be performed or has been performed.  

If the map is used together with maps with other risks, i.e. flooding, contaminated areas, man-made risks etc. it 
results in an enhanced overview of combined risks in an area. 

5.2 RESISTIVITY MEASUREMENTS 

The resistivity measurements from both the landslide area and the Mölna-Husby kvarn area, show fairly good 
correspondence with the traditional geotechnical investigations that have been performed. The results from the 
resistivity measurements did not show any signs of a slip surface, which was one of the purposes of the 
investigations. 

The resistivity measurements can be used as a tool to estimate the soil profile in general, as a s complement to 
the production of the map 1b.  

5.3 DIFFERENTIAL SAR INTERFEROMETRY 

The Differential Interferometric Synthetic Aperture Radar (DIFSAR) method for movement detection has not 
previously been used in Sweden. From a Swedish point of view, participation in the Preview project has given an 
opportunity to evaluate this method with respect to detecting early movements of deep seated, rapid landslides 
(typical to Scandinavia) and also to explore the possibilities of using the method for detection of other types of 
ground movements in Sweden.  

Based on the DIFSAR analysis of the landslide in Vagnhärad in 1997, it has not been possible to detect any 
movements prior to the actual landslide and no correlations with actual movements (measured by inclinometers) 
in the landslide area could be done. One possible explanation is that landslides in Sweden often occur rapidly 
and are fast moving. The satellite coverage of the investigated area is not sufficiently frequent to be able to 
measure the rapid movements of an occurring slide. However the analysis indicated other small movements 
within the Vagnhärad area. 

The DIFSAR analysis of the Sundsvall area was hindered by the lack of coherent points within the area of the 
two landslides. This is primarily due to the lack of permanent structures (e.g. houses or buildings) in the vicinity 
The DIFSAR analysis indicated no movements within the Sundsvall area. 

The results from the DIFSAR analysis of the landslide at Vagnhärad in May 1997 exposed the difficulties in 
detecting the minor movements prior to the slide. However, the DIFSAR technique has potential for applications 
pertaining to other ground movements. Therefore, a small “side-survey” was carried out to increase our 
knowledge of the method and assess its potential with respect to other geotechnical purposes. The survey 
indicated an interest to further investigate whether DIFSAR techniques can be applied to urban settings – where 
human activities, such as deep excavations due to building works or mining, causes land subsidence – and for 
geotechnical conditions such as those in Sweden (see Attachment D). 
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1 Introduction 
The Swedish Rescue Services Agency has contracted Roger Wisén, Tyréns AB, to act as 
expert advisor in geophysics. The work is done within an EC FP6 integrated project, 
PREVIEW, which aims at developing new geo-information services for atmospheric, 
geophysical and man-made risk management on a European level.  
The evaluation performed here regards the geological interpretation of the results achieved 
by IMAA (Institute of Methodologies for Environmental Analysis), that is a part of the 
Italian National Research Council (CNR), in Vagnhärad, Sweden. The work has been 
done in cooperation with IMAA and the Swedis Geotechnical Institute (SGI).  
The actual geology in the area will be described briefly. Much experience was gained in 
an earlier project (Dahlin et al., 2001) that aimed to evaluate different geophysical 
techniques for slope stability investigations, where one of the test sites was the area of the 
1997 land slide in Ödesby, Vagnhärad (Andersson et al., 1998), located near the present 
test site. The geological background is based on that project and information from the 
Swedish Geological Survey (SGU, 1975). The conclusions from that project have also 
been valuable for the interpretation of the geophysical results. 

2 Geology 
The bedrock in the area consists of more or less metamorphosed rock, gneiss, of high age 
(>2000 million years). Thin dolerite dikes occur and the bedrock has a normal amount of 
fractures that are very old. The main fracture system has a strike of NW-NNW and a 
secondary system has a strike of W. The bedrock valley where the Trosa river runs is 
filled with mainly postglacial clay and varved, glacial clay. The postglacial clay has 
generally lower clay content (35-55 %) than the glacial clay. The glacial clay has silt 
layers in its lower part; they decrease in thickness upwards and are not present in the upper 
part. The postglacial clay was deposited in a marine environment. When the area initially 
was raised above the water surface it is supposed that the surface of the clay was fairly 
flat. Gradual erosion in and around the Trosa river and small landslides into the river have 
reduced the thickness of the clay deposits and increased the steepness of the valley slopes. 
A basic geological model can be drawn: 

• A surficial layer of fill material from human activities.  
• A layer of dry crust clay. 
• Several meters of post glacial clay, underlain by glacial clay.  
• Sand and silt till with a thickness up to a few meters. This unit is sometimes found 

below the clay. 
• Crystalline gneiss bedrock. 
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3 Results 

3.1 Resistivity measurements 

The resistivity models resulting from the measurements in Mölna (see example from section AA 
in figure 2, location of profile is found in figure 1) can be divided into six categories: 

1. The top layer has intermediate to low resistivities, between 50-100 Ohmm, and a 
thickness of up to 2 m.. 

2. The second layer from the top is present in parts of the area. It has low resistivities, <50 
ohmm, and a thickness of a few to almost 10 m. Sometimes this layer can be divided into 
two units, where the lower one has very low resistivities, <15 ohmm.  

3. The third layer has intermediate resistivities, around 50-200 ohmm. It is actually not 
present as a unique layer but as a transition zone from low to high resistivities. The 
thickness of this layer can not be estimated without reference information. 

4. The bottom layer has high resistivities, from a few hundred to several thousand ohmm. 
5. Embedded in the second layer a number of lenses with intermediate resistivities (50-75 

Ohmm) are found. 
6. In the bottom layer there are sometimes vertical structures with intermediate resistivities. 

 

 
Figure 1. Map over the field area (from IMAA presentation in Rome January 10 
2007). 
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Figure 2. Resistivity section AA 
 

3.2 Geological interpretation 

The geological interpretation of these six categories (figure 3) is: 
1. Fill and dry crust clay. 
2. Post glacial and glacial clay. The variations within this layer are due to variations within 

the clay, e.g. variations in sand/silt-, water- and salt-content. 
3. Till. 
4. Gneissic bedrock. 
5. Lenses of silt and sand. 
6. Fracture zone(s) or dolerite dike with weathered contact zones to the gneissic bedrock. 

 
When studying the final geological model the uncertainty in the resistivity model should be 
acknowledged. Geometry as well as resistivity can differ from true conditions. In general there 
is a lowering of the resolution with depth. One effect from this is that the interpretation of the 
bedrock surface is more uncertain than for example the boundaries of the clay layer. Another 
problem that is specific for this environment is the inability to interpret the correct thickness of 
the till layer (layer 3). This has several causes. The resistivity models are presented as isograms 
of resistivity in the ground. Due to the nature of the method these isograms always have smooth 
changes. Even sharp boundaries will be described with a smoothly changing resistivity. The fact 
that the till layer has an intermediate resistivity compared to those of clay and bedrock enhances 
this effect. The transition from clay over till to bedrock will look like one transition layer from 
low resistivity to high resistivity with possibly several meters thickness.  
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Figure 3. Geological interpretation of section AA. 
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Explanation to the Vagnharad Web-Gis portal and the different maps and 
data. 
 

 Datasets Explanation Legend 

1 Landslide inventory map Old landslide scars   

  Ravine edges  

Active ravine 

Passive ravine 

 

  Erosion 

1) Air photo interpretated  

2) Verified in the field 

 

 

  Fill  

  Erosion protection   

2 Geophysical sections  Lines in differens colours for each 
geophysical section. Section AA'  

Section B'B  

Section CC'  

Section DD'  

Section EE'  

Section FF'  

Section GG'  

3 Satellite measurements -Mean velocity  

(mm/y 1995-1996) 

-Mean velocity  

(mm/y 1995-2000) 

Mean velocity (mm/y)  

4 Susceptibility map 1a  -Stability zone 1 (clay > 1:10)  

CLAY (yellow lined) 

Area within the distance of 10 × slope 
height measured from the foot of the slope 
or a shoreline of the sea, lakes and major 
rivers 
Area within the distance of 50 m measured 
from a shoreline of the see, lakes and major 
rivers 
Area within the distance of 25 m measured 
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from a shoreline of minor creeks and 
ditches 
 
-Stability zone 2 (clay < 1:10)  

CLAY (yellow) 
Area situated on longer distance than 10 × 
slope height measured from the foot of the 
slope or a shoreline, however, by minimum 
50 m from a shoreline 
 

-Stability zone 3 (firm ground)  

FIRM GROUND (green) 
Outcrop, till, coarse glacifluvial deposits 
etc. 

 

-Water  areas (lakes, rivers, watercourses, 
the sea) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5 Susceptibility map 1b  1) Sections with calculated stability 
(clickable, giving Fc=…,Fk=  ) 

 
2) Areas with unsatisfactory stability 

conditions, detailed stability 
investigation is recommended. 

 
Areas, where corrections and 
adjustments of earlier investigations 
and /or stabilizing measures are 
recommended. 
 

 

 

 

  

6 Susceptibility map 2  1) Investigated profiles Soil profiles, e.g. 
sections with calculated stability 
(information on where the investigation is 
archived and its registration number)  

2) Stability classes: 

-Class 4 (obvious probability of a landslide) 

-Class 3 (likely probability of a landslide) 

-Class 2 (some probability of a landslide) 

-Class 1 (negligible probability of a 
landslide) 

- No stability class was assigned 

 

 

 

 

 

7 Reference data -Vagnhärad inventory area  

-Map of Vagnhärad (roads, houses,  

rivers, elevations ) 

-Real estate borders 

 

One layer, two different 
colours 

8 Satellite image   

9 Reports -Technical report  
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-Legend explanation 

10 Links Links to other sites e.g floods, man made 
etc. 
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Figure. 1.  Criteria for the division and description of stability conditions in clay 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Criteria for classification and documentation of the stability conditions in areas containing soil layers of silt and 

sand on firmer soil materials (i.e. gravel, till) or bedrock. For slopes in sand or silt the inclination   1 : n is 
applied, where the value of n is depending on the local groundwater conditions:  

No groundwater outflow in the slope: n = 2.5 

Groundwater outflow in the slope: n =5 

WL H
10H

1:10

50 m

II I II IIIII II III

(YELLOW)(YELLOW)(GREEN) (GREEN)(YELLOW)(YELLOW

1:10

(YELLOW LINED) (YELLOW LINED)
LINED)

PROFOUND FIRM COARSE GRAINED SOIL LAYERS OR BEDROCK 

WL 1:n

I II

SAND/SILT 

(Orange (Orange) 
lined) 

 

SURFACE 
WATER 
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Figure 3. Criteria for classification and documentation of the stability conditions in areas where profound layers of clay 

could be found (verified or suspected) under layers of sand or silt. In Sub-stage 1a, there are difficulties to judge 
if profound layers of clay exist under layers of sand or silt. If there are geological conditions for presence of 
profound clay layers, the area shall be marked as in the figure, i.e. both the lines 1:10 and 1: n are applied. For 
slopes in sand or silt the inclination 1: n is applied, where the value of n is depending on the local groundwater 
conditions: 

 No groundwater outflow in the slope:  n = 2.5 

 Groundwater outflow in the slope:   n = 5 

 

 

WL 

1 :n

II II

SAND / SILT

CLAY

(Yellow  (Yellow lined) (Yellow) 
lined and 
dotted)

 
1:10 

1:n 
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Explanation to the Sundsvall Web-Gis portal and the different maps and 
data. 
 

 Datasets Sub categories Discription Legend 

1 Landslide inventory 
map 

Landslide Green thick line  

  Ravine edge Blue thick line   

  Erosion Dark yellow thick 
line 

  

  Measures against Erosion Dark pink thick line  

  Fill Red thick line with 
white dots 

 

3 Satellite 
measurements(old 
name: 
Interferrometry 
ERS-SAR) 

Mean velocity : 

 

more or equal than 9         

from 7 to 9 

from 5 to 7 

from 3 to 5 

from 1 to 3 

from -1 to 1 

from -3 to 1 

less than -3 

 

 

 

Brown 

Red 

Light red 

Dark yellow 

Light yellow 

Green 

Blue 

Dark blue 

 

  

4 Susceptibility map 1a 
(old name: Stability 
zones) 

ZONE I  

CLAY  

Area within the distance of 10 × 
slope height measured from the 
foot of the slope or a shoreline of 
the sea, lakes and major rivers 
Area within the distance of 50 m 
measured from a shoreline of the 
see, lakes and major rivers 
Area within the distance of 25 m 
measured from a shoreline of 
minor creeks and ditches. 
 
 
 
 
 

 

yellow lined 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 



 3

 
SILT/SAND  
No groundwater outflow in the 
slope 

Area within the distance of 2,5 × 
slope height measured from the 
foot of the slope or a shoreline 
Groundwater outflow in the slope 

Area within the distance of 5 × 
slope height measured from the 
foot of the slope or a shoreline 
 
 
 
SILT/SAND ON CLAY  

Area within the distance of 10 × 
slope height and  

n × slope height, where n is the 
factor of inclination for silt or 
sand.  The applied value of n is 2,5 
or 5, see below.  
 
SILT/SAND ON CLAY 
 
No groundwater outflow in the 
slope 

Area within the distance of 2,5 × 
slope height measured from the 
foot of the slope or a shoreline  
 
Groundwater outflow in the slope 

Area within the distance 5 × slope 
height measured from the foot of 
the slope or a shoreline  
 
 ZONE II 

CLAY  
Area situated on longer distance 
than 10 × slope height measured 
from the foot of the slope or a 
shoreline, however, by minimum 
50 m from a shoreline 
 
SILT / SAND   
Area situated on longer distance 
than 5 alt 2,5 × slope height 
measured from the foot of the 
slope or a shoreline 

 

 

 

orange lined 

 

 

 

 

 

 

 

 

 

Yellow lined 

 

 

 

 

 

 

OBS! 

yellow lined and 
dotted 

 

 

 

 

 

 

 
 

yellow 
 

 

 

 

orange 
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SILT / SAND ON CLAY  
Area situated on longer distance 
than 10 × slope height measured 
from the foot of the slope or a 
shoreline, however, 
by minimum 50 or 25 m from 
shorelines/gullies/ditches 
 
ZONE III 

FIRM GROUND  
Outcrop, till, coarse glacifluvial 
deposits etc. 

 

yellow 

 

 

 

 

 

green 

 

 

 

 

 

 

 

 

 

 

 

5 Susceptibility map 1b 
(old name: Unsat 
stability zones) 

1) Sections with calculated 
stability (clickable, giving 
Fc=…,Fk=  ) 

 
 
 
2) Areas with unsatisfactory 

stability conditions, detailed 
stability investigation is 
recommended 

 
 
Areas, where corrections and 
adjustments of earlier 
investigations and/or stabilizing 
measures are recommended. 

 

 

Areas, where corrections and 
adjustments of earlier 
investigations and/or stabilizing 
measures are of exceptional 
importance.   

 

Areas, which from an overview 
point of view cannot be classified 
as satisfactory stable, or areas  
which are not satisfactory 
investigated.  

 

 

As above, but detailed 
investigations are recommended 

 

As above, but detailed stability 
investigations are of special 
importance.  

 

 

 

 

 

 

 

 

Yellow 

 

 

 

 

 

Hatched yellow 

 

 

 

 

Orange/white 
hatched 

 

 

 

Orange 

 

 

Hatched orange 
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7 Reference data -Sundsvall inventory area  

-Map of Sundsvall (roads, houses,  

rivers, elevations ) 

-Real estate borders 

  

 

One layer, two different colours 

8 Satellite image    

9 Reports -Technical report 

-Legend explanation 

  

10 Links Links to other sites e.g floods, man 
made etc. 
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Figure 1: Criteria for the division and description of stability conditions in clay 
 

 

 
Figure 2: Criteria for classification and documentation of the stability conditions in areas containing 

soil layers of silt and sand on firmer soil materials (i.e. gravel, till) or bedrock. For slopes in 
sand or silt the inclination 1 : n is applied, where the value of n is depending on the local 
groundwater conditions:  

No groundwater outflow in the slope:  n = 2.5 

Groundwater outflow in the slope:  n = 5    

 



 7

 
Figure 3: Criteria for classification and documentation of the stability conditions in areas where 

profound layers of clay could be found (verified or suspected) below layers of sand or silt. In 
Sub-stage 1a, there are difficulties to judge such conditions. If there are geological 
conditions for presence of profound clay layers, the area shall be marked as in the figure, i.e. 
both the lines 1:10 and 1: n are applied. For slopes in sand or silt the inclination 1: n is 
applied, where the value of n is depending on the local groundwater conditions: 

 No groundwater outflow in the slope:               n = 2.5 

Groundwater outflow in the slope:   n = 5 
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Mapping vertical land movement in an urban environment in Sweden 
with Differential InSAR and comparing with traditional methods 

Idea and background 

In 2007 and 2008, a small scale analysis assessing the potential of Differential SAR 
Interferrometry for other purposes than landslide monitoring in Sweden was carried out 
by SGI and Metria in conjunction with the FP6 project PREVIEW. 

The main idea was to determine the feasibility of measuring land subsidence and/or 
lifting/elevation within urban settings through the use of radar interferrometry –
specifically Differential SAR Interferrometry (DInSAR) and compare the result with results 
from traditional methods for settlement measurement.  

The movement of ground can be attributed to both natural processes and human activity – 
and such movements can often be sufficient to cause damage to buildings and 
infrastructure. Therefore, deep excavations for construction or underground work require 
vertical and horizontal monitoring of the ground both on the surface and at depth. These 
ground movements are traditionally monitored on-site with measuring instruments. 

The use of DInSAR to detect vertical movements due to excavations or underground work 
covers a wider area than the traditional methods and provides additional information 
concerning the magnitude and distribution of the movements at the time of construction. It 
is also possible to ascertain eventual ongoing settlements before an excavation, so as to 
determine the actual cause of damage on surrounding buildings. 

Historically, the use of satellite radar data has been limited for many reasons, among them 
the prevalence of very high resolution optical imagery, unfamiliarity with radar analysis 
techniques and the significant pre-processing requirements of the radar images prior to 
use.  

User needs 

The Swedish Geotechnical Institute (SGI) is a government agency that deals with 
geotechnical research, information and consultancy. The agency has the particular 
responsibility as a governmental expert body for safety issues relating to landslides and 
coastal erosion. Furthermore, the overall mission of SGI is to achieve better techniques, 
safety and economy through the correct application of geotechnical knowledge.  

SGI has a long tradition of introducing new techniques and developing methods to predict, 
monitor and follow up a variety of geotechnical phenomena, e.g. ground movements. SGI 
has developed several methods for measuring ground movements that are in common use 
today. SGI often has the responsibility for monitoring ground movements in connection 
with construction works and/or as experts for the analysis of measured settlements and 
prediction of consequences since there is often a need for information concerning any on-
going movements in the area prior to the start of the construction. In addition, this allows 
for an overall picture of the distribution and evolution of the movements throughout the 
construction time. 
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Problem formulation 

Deep excavations or tunneling for construction work are likely to cause vertical and 
horizontal movements of the ground. Movements can take place as a result of excavation 
inside sheet pile walls, piling in the surroundings, lowering of the ground water table as a 
cause of the excavation or tunneling etc. In the case of ore mining close to the ground 
surface, such as in Kiruna, quite dramatic settlements have been registered. These ground 
movements threaten buildings and infrastructure.  

Due to circumstances outside of the control of the project partners, the municipality of 
Kiruna was not viable as a test site. Therefore another test site, Gothenburg, where the 
National Road Administration has shown interest in the DInSAR method for follow up 
along road embankments, was chosen. In Gothenburg (and its surroundings), vertical and 
horizontal movements have occurred e.g. in connection with construction of the (now 
finalized) Göta tunnel and vertical settlements have been ongoing (and measured) for 
many years for e.g. Road 45.  

Approach 

Interferrometry has successfully been utilized internationally for a wide variety of satellite-
based analyses such as: detecting slow landslides, change detection and land subsidence 
due to groundwater extraction. Innumerable methods and algorithms have been developed 
in the field of interferrometry (e.g. Permanent Scatters (Colesanti, 2002), DEMs  (Sowter, 
2003) (Kim, 2005). Established techniques generally follow a pattern that includes the 
import of the radar data utilizing a DEM, to help eliminate elevation effects, resulting in a 
radar interferogram – additional processing results in differential interferograms and 
eventually land movement maps. The cutting-edge approach will include an analysis that 
attempts to determine and remove any effect of clouds on the interferograms (Yonezawa 
and Takeuchi 2003). 

However, the technique has so far been used in countries outside Sweden, where the 
geotechnical/geological conditions are different. In the PREVIEW project the use of 
DInSAR to monitor Swedish (quick) landslides in soft clay revealed difficulties to register 
the small movements that may indicate a coming landslide and such quick movements as 
during the slide.  

Metria Miljöanalys, which specializes in remote sensing and satellite analyses and 
technologies, and SGI are currently investigating whether interferrometry techniques can 
be applied to urban settings where human activities such as deep excavations due to 
building works or mining causes land subsidence, and for geotechnical conditions as those 
in Sweden.   

The approach will be to test the basic DInSAR method for detecting land movement over 
built-up (i.e. urban, industrial) area(s) in Sweden. Initially, one (or possibly two) area will 
be chosen where human activities are considered to have caused land subsidence and 
where settlement measurements with traditional methods have been carried out. Data from 
settlement measurements with traditional methods will be collected, analyzed and 
compared with the results of the DInSAR method. In addition, height change 
measurements will be processed geo-statistically in accordance with the techniques 
described by Zhou et al (2003).  



      Attachment D 

 3

Opportunities and risks 

If successful, DInSAR for the measurement of vertical (and horizontal) movements in 
connection with construction or underground work gives the opportunity to register 
ongoing movements over larger areas compared with traditional methods. It will be easier 
to detect if changes of movement velocities are concentrated to certain areas and thus relate 
movements to certain ongoing construction activities. It will also be possible to evaluate 
ongoing (natural) settlements in an area over a time period of several years before the start 
of any construction work. In that way, settlements due to the construction works could 
easily be distinguished from local ongoing (natural) settlements.  

The risks are mainly related to the technical feasibility of the method. There may be 
problems with the accuracy of the measured deformations and the possibility to measure 
such small movements as desired. There could also be difficulties related to the possibilities 
of separating vertical movements from movements in other directions.  In the Nordic 
countries, such as Sweden, the snow period can cause difficulties (false movements) 
measuring fixed objects since the level of the object changes due to the snow cover 
thickness. The techniques and methods of DInSAR analysis for measuring land movement 
have been refined using relatively unvegetated mountainous regions of Italy. This project 
proposes to determine the feasibility of using these techniques and methods in Sweden. 

Links  

TerraFirma, a project supported under ESA’s GMES Service Element program, aims to 
provide ground motion hazard information to national institutions throughout Europe 
(http://www.terrafirma.eu.com). The products that this service provides are based on 
Permanent Scatter InSAR analyses of ERS and ENVISAT radar images. The technology 
presented in this proposal is similar to that used within the TerraFirma project. However, 
there is no Scandinavian component to the TerraFirma project (which has a primary focus 
on central and southern Europe). There are no Scandinavian users and no Scandinavian 
service providers.  

The methodologies utilized in the TerraFirma project have been developed and refined for 
relatively large landslide movements in the sparsely wooded alpine regions of central Italy, 
where land cover variation (e.g. vegetation, snow) does not cause any noticeable 
interference. Thus the methodology used within the TerraFirma project can not be directly 
applied to areas in Scandinavia.  

The idea of this proposal is to determine if these types of analyses can be valid in a 
completely different study environment. According to the “partners” section of the 
TerraFirma webpage, there has been an analysis conducted in Vaasa, Finland on behalf of a 
subsidiary of the international consulting and engineering firm, Pöyry, but no information 
concerning the type of analysis or results were available.  

PREVIEW, a European Commission co-funded research project, provides information 
services for protection from environmental risks, including land movements and landslides 
(http://www.preview-risk.com).  Both Metria and SGI are partners within the PREVIEW 
consortium, working within the Landslides platform (specifically analyzing the Vagnhärad 
landslide of 1997). The work being proposed here is an outgrowth of the cooperation 
between these two parties within the PREVIEW project.  
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Contact persons: 

Swedish Geotechnical Institute (SGI): Hjördis Löfroth, hjordis.lofroth@swedgeo.se 

Metria Miljöanalys: Michael Ledwith,  michael.ledwith@lm.se 
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