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Mass movements as contamination carriers in surface water systems 
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12, 223 62 Lund, Sweden. E-mail: maria.akesson.303@student.lu.se  

Abstract:  
Recent studies indicate a widespread but largely overlooked hazard of contaminant mobilisation and transport in 
connection to mass movement activity into surface water systems in Sweden. Concerns are exacerbated by pre-
dicted effects of climate change, which suggest national increases in rates of precipitation, pore water pressures, run
-off, erosion and mass movement occurrence. In this study, the national scope, character and potential of the pro-
posed hazard and associated risks are assessed based on a review of approximately 400 mass movement events. 
Hazard analyses of three risk areas along rivers Viskan, Klarälven and Ångermanälven are also presented.  

It is concluded that parts of most major Swedish river systems, as well the lakes and coastal areas into which these 
debouch, are already likely to be at risk of the proposed hazard. Within the three studied risk areas, 102 environ-
mentally hazardous facilities and/or sites of established or suspected soil contamination were found to lie within 
areas at risk of slope failure. The variation in character of historical mass movement activity on the one hand, and 
types of environmentally hazardous facilities/soil contamination on the other, indicate that the scope and nature of 
the hazard in between as well as within any given risk area varies with time and location according to concurrent 
geologic, climatic and biologic conditions, and, according to extent and type of human activity. 

It is shown that materials set into suspension upon slope failure into running waters may stay in suspension for 
months, being carried upstream for several kilometres, and downstream for several tens of kilometres. Displaced 
materials are further demonstrated to be able to cause enhanced mobilisation of materials through surging, and, 
through upstream inundation and long-term/permanent alterations of downstream flow- and erosion patterns 
brought about by damming. Mass movements into surface water systems hence appear as an efficient potential 
means of widespread, short- and long-term contaminant transport throughout much of Sweden.  

For the future, hazard awareness raising and clarification of responsibilities amongst involved actors are considered 
the main and most important tasks. The need for more interdisciplinary collaboration, research and exchange of 
experiences - nationally and internationally - is also stressed. 
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Massrörelser som föroreningsspridare i ytvattensystem 
- svenska erfarenheter och risker 

MARIA ÅKESSON 

Åkesson, M., 2010: Mass movements as contamination carriers in surface water systems - Swedish experiences and 
risks. Examensarbeten i geologi vid Lunds universitet, Nr. 253, 46 sid. 45 poäng.  
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Maria Åkesson, Institutionen för geo- och ekosystemvetenskaper, Enheten för geologi, Lunds Universitet, Sölvega-
tan 12, 223 62 Lund, Sverige. E-post: maria.akesson.303@student.lu.se 

Sammanfattning:  

Studier har nyligen antytt att det över stora delar av Sverige skulle kunna föreligga risk för föroreningsspridning i 
samband med massrörelser intill ytvatten. Då framtida klimatförändringar förväntas öka såväl mängd som intensitet 
av nederbörd, avrinning, erosion och därmed även massrörelser över stora delar av landet, framstår farhågorna som 
än mer välgrundade och oroväckande. I den här studien analyseras den nationella omfattningen såväl som den fysis-
ka karaktären och potentialen av den föreslagna faran genom en granskning av knappt 400 dokumenterade massrö-
relser. Detaljstudier av tre riskområden längs med Viskan, Klarälven och Ångermanälven presenteras också. 

Det konstateras att det kring de flesta stora svenska ytvattensystem sannolikt redan föreligger risk för förorenings-
spridning i samband med massrörelser. Inom de tre detaljstuderade områdena identifieras 102 miljöfarliga anlägg-
ningar och/eller konstaterat eller misstänkt förorenade områden inom direkt instabila avlagringar. Variationen i 
historisk massrörelseaktivitet och typ av miljöfarlig/förorenande verksamhet tyder på att omfattningen och karaktä-
ren av faran och riskerna mellan och inom varje enskilt område varierar över tid och rum i enlighet med geologiska, 
klimatologiska och biologiska förhållanden, och med omfattning och typ av mänsklig verksamhet. 

Det konstateras att material som suspenderas i samband med en massrörelse intill rinnande vatten kan förbli i sus-
pension i månader, transporteras uppströms i flertalet kilometer och nedströms i tiotals kilometer. Utskredade mas-
sor förevisas även kunna orsaka mobilisering och vidare transport av ytterligare material såväl upp- som nedströms 
genom svallvågor, dämningseffekter och efterföljande förändringar i strömnings- och erosionsmönster. Massrörel-
ser intill rinnande vatten, sjöar och hav över stora delar av landet förefaller således kunna sprida betydande mäng-
der föroreningar över stora områden, över både korta och långa tidsskalor. 

Att öka medvetenheten och kunskapen om faran och riskerna bland berörda auktoriteter, samt att tydliggöra påföl-
jande ansvarsfördelning, anses vara de absolut viktigaste uppgifterna för framtida riskhantering och -reduktion. Det 
finns även ett stort behov av mer tvärvetenskapligt samarbete, forskning och utbyte av erfarenheter, såväl nationellt 
som internationellt. 
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1.  Introduction 
Mass movements are some of the most widespread, 
most damaging natural hazards on Earth. In a recent 
World Bank report, Dilley et al. (2005) estimates that a 
global land area of about 3.7 million km2 is repeatedly 
subject to mass wasting processes. Accordingly, about 
300 million people worldwide are continuously ex-
posed to and at risk of related hazards. Every year, 
millions of people are affected, thousands killed and/or 
injured and economic losses are to be counted in bil-
lions of dollars (Centre for Research on the Epidemiol-
ogy of Disasters [CRED], 2008). The socioeconomic 
as well as the environmental consequences and risks 
are no doubt major. Nevertheless, it is often suggested 
that the full effects of mass movements tend to be un-
derestimated. This since they are often accounted for 
as the consequences of other natural hazards (e.g. 
earthquakes, floods responsible for the triggering of 
the mass movements) and thus merged with those 
when assessed (Kjekstad & Highland, 2009). More-
over, whereas much political and scientific attention is 
always given the more direct consequences and their 
costs (fatalities, injuries and damage to the built envi-
ronment), less tends to be given the more indirect or 
secondary consequences and costs; that is those con-
cerning the potentially more profound and long-lasting 
effects on the environment and the natural resources 
we and our societies have come to rely upon for sur-
vival.  

With respect to mass movements, one of the most 
affected natural resources is the most fundamental of 
them all, namely water. The physical characteristics of 
streams, lakes and ocean coasts around the globe are 
repeatedly – in some cases as good as continuously – 
affected by the geological, hydrological, chemical and 
biological rearrangements that these processes and 
resultant sediment pulses impose on them. Hence, the 
ecological status of numerous surface water systems 
(SWS), also serving as critical water supplies for mil-
lions of people worldwide, are inevitably also affected. 
However natural the process, risks are certainly major 
and especially so in areas in which the soils at risk of 
failure have suffered pollution. Unfortunately, mass 
movements as potential contamination carriers in SWS 
appear a largely unrecognised and overlooked hazard 
(Göransson et al., 2009). Documentation and knowl-
edge of key factors, processes and their respective in-
teractions is lacking and so proper risk assessment 
hindered. Concerns ought to be global, especially since 
human as well as environmental vulnerability and risks 
in connection to mass wasting processes are bound to 
continue to increase with escalating population pres-
sures and predicted effects of climate change.  

  
1.1. Background, motivation and aim 
Between 1999 and 2005, the Swedish Parliament 
adopted sixteen environmental quality objectives. The 
objectives define long-term targets for the state of 
various environmental compartments in order to ac-
complish environmental sustainability, what ought to 

be done in order for the respective objectives to be 
met, and also which governmental authorities that are 
responsible for the respective objectives fulfilment 
(Swedish Environmental Protection Agency [SEPA], 
2009b).  

As one of many actions considered necessary, a 
national inventory of contaminated soils assessed and 
classified in accordance with standardised environ-
mental risk criteria was prompted early on. Although 
the full inventory is yet to be completed, in 2009, the 
identification-stage was deemed nearly complete, indi-
cating just over 80 000 sites of potential soil contami-
nation nationwide. Unfortunately but perhaps not too 
surprisingly, many of the identified sites have shown 
to a) suffer from poor stability and b) be located adja-
cent to surface waters. This as a result of the tendency 
of the industrial activities typically responsible for the 
contamination, and oftentimes also for the destabilisa-
tion of the soils, being placed along the shores of open 
waters for processing and transportation purposes 
(SEPA 2009a; Larson et al., 2007). For a country that 
extracts roughly 50% of its water supplies from vari-
ous surface water systems (Svenskt Vatten, 2009), and 
for a country with major environmental conservation 
values in connection to many of its lake, river and 
ocean coasts, this poses a serious threat to its environ-
mental and societal welfare. Concerns are further exac-
erbated by worries over predicted effects of future 
climate change, which is nationally expected to in-
crease rates of erosion and probabilities of mass failure 
through increases in precipitation and run-off (Fallsvik 
et al., 2007). 

As a response to these concerns, in 2007, the 
Swedish Geotechnical Institute (SGI), being appointed 
the governmental expert body for national mass move-
ment hazards, in collaboration with Lund University, 
initiated a research project aimed at assessing and re-
ducing risks relating to the spread of pollutants in sur-
face water systems due to slope failure. The overall 
objective is stated as “to develop a model of the proc-
esses that control the release and transport of con-
taminants in surface water following slope failure with 
contaminated soil and to formulate guidelines for as-
sessment of contaminated areas that are at risk of ex-
periencing slope failure” (Larson et al., 2007). As 
such, although the focus first and foremost lies on 
Swedish conditions and concerns, the approach and 
interest is and ought to be universal.  

Initial research outcomes are presented in Görans-
son et al. (2009). Relevant existing Swedish risk as-
sessment methodologies are reviewed, the presence of 
contaminated soils at risk of slope failure along the 
Göta Älv river valley investigated, and a first concep-
tual model of the hazard is hypothesised based on gen-
erally acknowledged theoretical understandings. 
Through compiling and analysing documentation of 
nationally experienced mass movements, this study 
seeks to evaluate the validity of the proposed model 
and to assess the broader national extent of the hazard. 
Specific aims are as follows: 
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 to characterise the distribution, occurrence and 
mechanics of mass movements occurring into 
Swedish surface water systems, 

 to review observed short- and long-term effects on 
affected surface water systems and analyse some of 
the processes and factors decisive in determining 
the fate of sediments and pollutants potentially 
released, and, 

 to generally investigate the potential national scope 
of the hazard through a selected number of case 
studies. 

 
1.2. Adopted hazard and risk terminology 
The hazard and risk terminology applied in this study 
is derived mainly from the ‘Disaster Risk Reduction 
Glossary’ developed by the United Nations Interna-
tional Strategy for Disaster Reduction (UNISDR, 
2009). Adopted definitions of key terms are: 
 hazard: a potentially damaging physical event, 

phenomenon (or human activity) that may cause 
the loss of life or injury, property damage, social 
and economic disruption or environmental degra-
dation 

 hazard analysis: identification, studies and moni-
toring of any hazard to determine its potential, ori-
gin, characteristics and behaviour 

 risk: the probability of harmful consequences, or 
expected losses (deaths, injuries, property, liveli-
hoods, economic activity disrupted or environment 
damaged) resulting from interactions between natu-
ral or human-induced hazards and vulnerable con-
ditions. Risk (R) may be expressed as hazard/-s (H) 
* vulnerability (V) 

 risk assessment/analysis: a methodology to deter-
mine the nature and extent of risk by analysing 
potential hazards and evaluating existing condi-
tions of vulnerability that could pose a potential 
threat or harm to people, property, livelihoods and 
the environment upon which they depend 

 risk management: the overall application of poli-
cies, processes and practices dealing with risks 

 vulnerability: the conditions determined by physi-
cal, social, economic and environmental factors or 
processes, which increase the susceptibility of a 
community to the impact of hazards 
  

2.  Materials and methods 
This study has been formulated and conducted mainly 
as an extensive literature study and analysis of docu-
mented Swedish mass movement events. Since no 
complete, systematic compilation of such events cur-
rently exists, relevant information has been sought for 
through a variety of media. 
 
2.1. Data compilation  
The primary source of information has been an as of 
yet unofficial proposition of a national mass move-
ment database managed by SGI. The database is a Mi-
crosoft Access-database and at present lists 157 dated 
and 259 undated events; the latter of which are based 

purely on geomorphological observations. For each 
recording, the database lists type of movement, geo-
graphical position, geological conditions and relevant 
references. For some events, date, geometry of move-
ment and slope, observed geotechnical conditions, use 
of land and recorded damage has also been listed. It 
should be noted that gullying and minor erosional 
events are also registered in the database. However, 
these events have not been accounted for in this study. 
Only types of movements classified in accordance 
with the terminology introduced by Varnes (1978; see 
chapter 3.2) have been included here. That totals 393 
falls, slides, spreads and/or flows. 

In order to sort out those registered events occur-
ring into surface water systems – hence those events 
relevant for this study – Sweden’s County Administra-
tive Boards and Water Authorities interactive Water 
Map (2009) has been used to cross-check given coor-
dinates. For identified relevant events, (in the data-
base) noted references have then been studied for fur-
ther information. These references have covered eve-
rything from daily newspapers, student theses, scien-
tific journal articles, SGI-reports, local/regional/
governmental building plans and prospects to geologi-
cal map descriptions. 
 Additionally, supplementary information on rele-
vant events as well as information on potential unreg-
istered events has been sought for through systematic 
questioning of appropriate governmental authorities 
(e.g. Geological Survey of Sweden [SGU], Swedish 
Meteorological and Hydrological Institute [SMHI], 
Swedish Environmental Protection Agency, Swedish 
Civil Contingencies Agency [MSB], Swedish Mari-
time Administration, Swedish Board of Fisheries), 
County Administrative Boards, municipalities, water 
authorities/management organisations and various 
research institutes. Newspaper articles relating to geo-
technical matters/incidents have also been examined at 
the library at SGI in Linköping, and simple web-
searches using Google have also been conducted. 
 
2.2.  Field visits 
Two of the most mass movement-affected areas in the 
country were visited for general reconnaissance-
purposes. In addition to their high mass movement-
frequency, the two were chosen because of dissimilari-
ties in terms of geography, geology and hence type of 
mass movement activity. One of the areas was the 
Ådalen region in Västernorrland along the river 
Ångermanälven; a sparsely populated, forest-dense 
and relatively “wild” area. Åke Gullersbo of Sollefteå 
Municipality acted as a guide and several sites of re-
cent mass movement activity, as well as sites at risk of 
failure, were visited. Mitigation measures, general 
attitudes and historical experiences were discussed.  
 The second area visited was the southernmost part 
of the Göta Älv river valley in south-western Sweden. 
This is (in contrast to Ådalen) one of the most densely 
populated and most exploited areas of all in Sweden. It 
is also here that the most devastating mass movements 
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in the country have taken place. In addition to a SGI-
guided boat trip along the river during which historical 
as well as future potential sites of mass movement 
activity were studied and discussed, a visit was made 
at one of the municipal water treatment plants at which 
effects of some more recent mass movements have 
been noted (Göta Älv serves as a regional freshwater 
resource).  
 
2.3. Hazard analyses 
For the three hazard analyses presented in chapter 7.1, 
geographical information on  
 mass movement susceptibility based on standard-

ized stability mapping measures as further de-
scribed in section 5.3.1, 

 sites of potential soil contamination based on stan-
dardized national inventories of such as further 
described in section 6.3.1, and,  

 environmentally hazardous facilities based on na-
tional and regional registers of the same as further 
described in section 6.3.2,  

was collected and combined in ESRI ArcGIS in order 
to visualize and evaluate potential risk areas. Base 
maps were provided for through Lantmäteriet; the 
Swedish Mapping, Cadastral and Land Registration 
Authority. 

For Klarälven, geographical information as well as 
additional information on specific risk objects (sites of 
potential soil contamination and/or environmentally 
hazardous facilities) was provided for by the County 
Administrative Board of Värmland (if not stated dif-
ferently).  

For Ångermanälven, digital georeferenced stability 
maps were provided for by SGI with the permission of 
MSB. Geographical as well as additional information 
on sites of potential soil contamination as well as sites 
of environmentally hazardous facilities were provided 
for by the County Administrative Board of Väster-
norrland (if not stated differently). 

For Viskan, stability maps in Adobe Illustrator-
format were provided for by Mark Municipality to-
gether with selected parts of their geodatabase. Using 
ArcGIS, these maps were georeferenced and converted 
into shp-format. Geographical as well as additional 
information on sites of potential soil contamination as 
well as sites of environmentally hazardous facilities 
was provided for by the County Administrative Board 
of Västra Götaland (if not stated differently).  

 
3. Mass movements - a theoretical 
 framework 
 

3.1.  Defintion 
Mass movements (also mass transports, slope move-
ments, mass wastings, mass failures, slope failures, 
landslides) are defined as “the downslope movement(s) 
of soil or rock material under the influence of gravity 
without the direct aid of other media such as water, 
air, or ice” (Selby, 1993:249). Depending on the 
physical properties of the mobilised material, the sur-

rounding environment and the mode and mechanism 
of deformation, the scale and nature of the movement 
will vary. Hence, the range of potential processes and 
effects is immense. 
 
3.2.  Classification and terminology 
 

3.2.1.  Forming names: Categorization, key criteria 
and order 

The most widely adopted classification scheme for 
mass movements is that of Varnes (1978) within 
which three types of material - rock, debris and earth -
and five main types of movement - falls, topples, 
slides, spreads and flows - are recognized and com-
bined so as to cover the full span of potential processes 
(n.b. this excludes ground subsidence and collapse as 
well as snow avalanches and ice falls) (fig. 3a). Rock 
is defined as a hard or firm mass that was intact and in 
its natural place before the initiation of mass move-
ment, debris as a material in which less than 80% of 
the particles are smaller than 2 mm (>20% is medium 
sand or coarser sediment grades) and earth as a mate-
rial in which more than 80% are smaller than 2 mm 
(>80% is fine sand, silt or clay grades). 

Any type of mass movement can and should be 
named, classified and described according to a mini-
mum of these two criteria (material and movement) 
(Cruden & Varnes, 1996). Based on the amount of 
information available, other defining attributes and 
other defined descriptors can and should be taken into 
consideration and added to the basic two-noun name in 
a determined order so as to provide an as elaborate and 
as consistent representation of the movement as possi-
ble. Preferred criteria and taxonomic order is: 

 (state, distribution and style of) activity 
 rate 
 water content  
 material  
 movement 

Descriptors for each one of these criteria respectively 
are presented in table 3i. For further definitions, see 
Cruden & Varnes (1996). 
 
3.2.2. Morphometry 

The most comprehensive nomenclature of mass move-
ment features is that originally put forward by Varnes 
(1978) (fig. 3b), later also adopted by the International 
Association for Engineering Geology and the Environ-
ment’s Commission on Landslides [IAEG] (1990). By 
revising the original figure, IAEG produced a general, 
conceptualized mass movement diagram in which 
numbers instead of names are applied to identify 
known features, thereby enabling universal use when 
accompanied by a language-specific definition table 
(fig. 3c). The diagram was further reproduced and rela-
belled so as to demonstrate typical mass movement 
dimensions.  

It should be noted that the diagrams, features and 
dimensions demonstrated are based mainly on rota-
tional earth slide-earth flow movements.  
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Figure 3b. Idealised diagram of an earth slide-earth flow illustrating typical 
mass movement features. From Cruden & Varnes (1996). 

 NO. NAME 
1 Crown 
2 Main scarp 
3 Top 
4 Head 
5 Minor scarp 
6 Main body 
7 Foot 
8 Tip 
9 Toe 

10 Surface of rupture 
11 Toe of surface of rupture 
12 Surface of separation 
13 Displaced material 
14 Zone of depletion 
15 Zone of accumulation 
16 Depletion 
17 Depleted mass 
18 Accumulation 
19 Flank 
20 Original ground surface 

Figure 3c. Mass movement features and 
nomenclature. After IAEG (1990).  

Table 3i. Mass movement classification: key criteria and associated descriptors for forming names. After 
Cruden & Varnes (1996).  

ACTIVITY 
RATE WATER 

CONTENT MATERIAL MOVEMENT 
STATE DISTRIBUTION STYLE 

Active 
Reactivated 
Suspended 

Inactive 
Dormant     

Abandoned 
Stabilized 

Relict 

Advancing 
Retrogressing 

Widening 
Enlarging 
Confined 

Diminishing 
Moving 

Complex 
Composite 

Multiple 
Successive 

Single 

Extremely 
rapid 

Very rapid 
Rapid 

Moderate 
Slow 

Very slow 

Dry 
Moist 
Wet 

Very wet 

Rock 
Debris 
Earth 

Fall 
Topple 
Slide 

Spread 
Flow 

Figure 3a. Fundamental mass movement classification. After Varnes (1978), figure modified from GeoNet (2009). 

TYPE OF MATERIAL 

rock fall debris fall earth fall 

rock topple debris topple earth topple 

single rotational 
slide 

multiple rotational 
slides 

successive 
rotational 

slides 

rock slide debris slide earth slide 

spread 

rock flow debris flow earth flow 
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3.3.  Types and processes 
Key physical characteristics of the five main types of 
mass movements listed earlier (also see fig. 3a) are 
described in this section. It should be noted that al-
though the different types of movements may be easy 
to distinguish from one and another, such is not always 
the case. Complex, compound types are common and 
one type may effectively grade into another with time, 
extent and potential alterations in deformation mecha-
nisms. 
 
Falls 
A fall is defined as the transport process by which a 
mass initially and predominantly moves freely through 
the air. It is a relatively simple type of mass movement 
that typically occurs off steep slopes/faces of cohesive 
soils or weak rock rich in closely spaced and steeply 
inclined joints, bedding planes and/or exfoliation sur-
faces. The movement is typically very rapid to ex-
tremely rapid, may involve rolling and/or bouncing 
and is oftentimes preceded by more or less pronounced 
sliding or toppling movements effectively separating 
the displacing material from the undisturbed mass 
(Cruden & Varnes, 1996). Displaced material may 
accumulate as a scree (talus) cone along the base of the 
cliff face/slope. 
 
Topples 
A topple is defined as the forward rotation and resul-
tant transport of a mass about a pivot. It can be consid-
ered a special type of falling, likewise occurring off 
steep slopes/faces of cohesive soils or weak rock rich 
in closely spaced and steeply inclined discontinuity 
surfaces (Bell, 1999:124). Rate of movement ranges 
from extremely slow to extremely rapid (typically ac-
celerating) and depending on type and geometry of 
material, as well as mode and surface of deformation, 
a topple may eventually evolve into a fall or a slide 
(Cruden & Varnes, 1996).  
 
Slides 
A slide is defined as the down slope movement of a 
mass along a well-defined slip surface (Bell, 
1999:127). Rate of movement ranges from extremely 
slow to extremely rapid and the area of deformation, 
together with the surface of rupture, typically expands 
throughout the movement.  

A distinction can and should be made between the 
two main types of sliding; rotational and translational. 
These two types are normally easy to distinguish from 
one and another, but compound, complex types do 
occur (Cruden & Varnes, 1996). 

Rotational slides (also slumps) occur along 
curved, concave approximately spoon-shaped slip sur-
faces and are especially common in soft rocks (e.g. 
shales and mudstones) and overconsolidated clays 
(Selby, 1993:259-260). Backward rotation is the main 
mechanism of movement, tilting the surface of the 
displaced material backwards towards the main scarp 
meanwhile leaving the latter close-to-vertical and un-

supported. This normally results in a series of retro-
gressive, rotational slides (along the same basal slip 
surface) developing in a headward direction (Bell, 
1999:127). The grade of internal deformation is typi-
cally low. Undrained and gradually ponded depres-
sions tend to form along the progressively lowered 
main scarp, potentially further adding to the mainte-
nance of the deformation and the movement and in 
cases also triggering flows (Cruden & Varnes, 1996; 
Selby, 1993:260).  

Translational slides (also block slides, planar 
slides) occur along planar or slightly undulating and 
typically shallow surfaces (Cruden & Varnes, 1996). 
Hence, they are common in horizontally jointed and/or 
stratified deposits and along boundaries between mate-
rials of different physical properties. Depending on the 
steepness of the surface of rupture, translational slid-
ing may once initiated progress as good as unre-
strained and at accelerating velocities; especially if/
when air gets trapped beneath the displacing mass, 
thereby virtually reducing the friction between the 
surface of rupture and the moving mass to zero. If de-
formation and water content  increases down slope, a 
translational slide may eventually evolve into more of 
a flow (Bell, 1999:129). 
 
Spreads 
A spread is defined as the fracturing and/or lateral ex-
tension of a cohesive soil or rock mass over a deform-
ing mass of softer (typically sensitive), underlying 
material (Selby, 1993:260). It is a physically complex 
type of mass movement, typically very rapid and may 
involve everything from subsiding to translation, 
(mainly retrogressive) rotation, disintegration, lique-
faction and flowing (Cruden & Varnes, 1996). Geo-
morphic alterations are typically major (Selby, 
1993:260).  
 
Flows 
Flows are mass movements in which the behaviour of 
the displacing mass resembles that of a viscous fluid 
(Cruden & Varnes, 1996). Water content is thus nor-
mally imperative causing extremely mobile and very 
rapid movements. However, short-lived dry flows of 
millions of tonnes of material (e.g. rock avalanches) 
do occur (Picarelli et al., 2005; Bell, 1999:129). Pro-
gressive failure is common and oftentimes lead to loss 
of cohesion within the displacing mass and extreme 
velocities of up to 30 m/s (Bell, 1999:129). Lahars are 
flows of volcanic material.  
 
3.4. Governing factors: causes and triggers 
Mass movements occur when forces encouraging 
movement of a mass off a slope (disturbing forces, 
MD), exceed forces withstanding it (resisting forces, 
MR) (fig. 3d). Their occurrence is dependent on the 
relation between gravitational and residual (shearing) 
stresses imposed on a mass on the one hand, and the 
shear strength of that mass as well as eventual counter-
weights on the other. Slope load, height, inclination, 
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support and pressure are key parameters decisive of 
the former. The latter is dependent mainly on weight, 
cohesion and friction of the specific slope material. 
Groundwater conditions, especially pore water pres-
sure conditions, are also of major importance. Table 
3ii summarises the most fundamental mechanisms 
potentially leading to mass movement occurrence. A 
distinction is made between:  
 external mechanisms, causing failure of a mass 

through increasing imposed disturbing forces (MD) 
to a level beyond the inherited shear strength (MR) 
of that mass, and, 

 internal mechanisms, causing failure of a mass 
through decreasing its shear strength and thus its 
resisting forces (MR) to a level below that of im-
posed external, disturbing forces (MD). 

The ratio between the two sets of forces can be de-
noted by a factor of safety (F), describing the slope 
stability;  

F = MR/MD 

The greater the value of F, the greater the probability 
of stability of the slope (there is no such thing as abso-
lute stability) (Selby 1993:268). F = 1 denotes a situa-

tion wherein the slope is at the boundary of failure. 
Calculated values of F ≤ 1 is indicative of an unstable 
slope in condition for failure.  
 In addition to the separation made between the ex-
ternal and the internal mechanisms, there is an impor-
tant distinction to make between those brought about 
by natural processes and those resulting from human 
activities. Five overarching governing factors in terms 
of mass movement occurrence can be recognised: 
 geological conditions; responsible for inherited 

soil and slope properties (including hydrogeologi-
cal properties), and fundamentally decisive of rate 
and means of influential natural processes (e.g. 
erosion, weathering, tilting) 

 climatic conditions; influential of rates of weath-
ering and hydrogeological and hydrological set-
tings and processes (e.g. pore-water pressure-
alterations and run-off and erosion intensities) 

 biological conditions; decisive of grade of vegeta-
tive support/loading of slope and influential of 
rates of erosion and weathering 

 anthropological influences; potentially interfer-
ing with-, and hence modifying any of the above. 

It is important to recognise the relationship and inter-
dependency between all of the above listed factors/
conditions. As stated by Selby (1993:275); a particular 
movement “can seldom be attributed to a single defi-
nite cause although it may be possible to identify a 
dominant or a triggering effect”.  

 
3.5. Assessment 
 

3.5.1. Hazard analysis 

Mass movement hazard analysis refers to the identifi-
cation and characterisation of materials at risk from 
mass failure. Governing factors - geological, climatic, 
biological and anthropological conditions - within a 
given risk-area is investigated in order to assess exist-
ing and potential future measures of slope stability. 
Adding to this is the study of historical and geological 
records of movements so that probabilities of occur-

External mechanisms     - causing an increase in the disturbing forces MD on the slope material 

Type Possible agent (-s) 

increase in slope angle tectonic tilting // stream/glacial erosion // dredging // construction works 

removal of lateral/underlying support stream/glacial erosion // reduction in water table // weathering (wetting/drying/frost action) // dredging // quarrying 

overloading on slope snow // rain // talus // fills // waste // structures 

increase in lateral pressure freezing // clay swelling 

imposition of transitory stresses (increase in external stresses, reduction in pore space) seismic activity // explosions // traffic // construction works 

removal of vegetation (loss of soil binding, alterations of hydrological/hydrogeological conditions) wildfires // logging // overgrazing // construction works 

Internal mechanisms     - causing a reduction in the resisting forces M R on the slope material 

Type Examples of agent (-s) 

alterations to composition/texture/structure of slope material weathering (physio-chemical reactions/wetting/drying/frost action/burrowing/piping) 

increase in pore water pressure rainfall // snowmelt // flooding // artificial infiltration 

Table 3ii. Mechanisms potentially leading to mass failure (Smith, 2001:188-191; Bell, 1999:118; Selby, 1993:276, Varnes 1978:26-28). 

MR 

MD 

Figure 3d. Simplified relationsip between the driving forces (MD) and the 
resisting forces (MR) on a mass on a natural slope. After Smith (2001:186). 
w = weight of mass, a = inclination of slope, n = normal force.  

w 
n 
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rences can be assessed. When combined in statistical, 
geological and geotechnical models, estimations of 
probable types, behaviours, velocities, travel-paths, 
run-out distances and frequencies of movements can 
be made (Picarelli et al., 2005). 

Real-time monitoring of slopes/materials at risk 
from failure represents a further means of mass move-
ment hazard analysis. Many types of mass movements 
are preceded by minor movements (Bell, 1999:144). If 
detected, such movements may assist in characterising 
and potentially also mitigating future deformation and 
failure. Measurements of surface as well as subsurface 
vertical and horizontal movements might thus prove 
valuable. This can be done using a variety of tech-
niques, including conventional surveying, remote sens-
ing, laser/electronic distance/crack measurements and 
by use of instruments such as tiltmeters, extensom-
eters, inclinometers and deflectometers. Seismographs 
and geophones might further assist, potentially detect-
ing acoustic emissions in connection to any move-
ments (Bell, 1999:150). Such measurements may also 
help determine location and extent of deformation sur-
faces. Furthermore, monitoring influencing disturbing 
forces such as water levels, pore water pressures and 
loads is of course likewise, if not more, important in 
that it might help in mitigating movements before they 
have been initiated at all.  

 
3.5.2. Risk analysis 

The ultimate effects of mass movements are not solely 
a function of their physical behaviour. A mass move-
ment risk analysis considers and evaluates the full po-
tential consequences of an identified mass movement 

hazard. Thus, it adds the element of vulnerability to 
the concept of danger. In addition to the actual hazard 
analysis, population densities, coping potentials, socie-
tal and environmental values are then also analysed so 
as to give an as complete and accurate assessment of 
actual risks as possible. Geographical Information Sys-
tems are a powerful tool in this context, enabling joint 
assessment of the character of the physical hazard on 
the one hand, and potential elements at risk on the 
other. 
 
4. Mass movements as contamination 

carriers - the concept 
 

4.1.  Process scenario 
Fig. 4a illustrates the processes and properties govern-
ing the release and transport of contaminants due to 
slope failure into surface waters according to the origi-
nal hazard conceptualisation hypothesised by Görans-
son et al. (2009). It is the so far only known system 
description of the hazard.  
A distinction is made between the: 
 initiate zone; from which the movement originates, 
 run-out zone; within deposition occurs for most of 

the moving masses, and, 
 2nd run-out zone; defined as“…a further run-out 

zone into the surface water when the transported 
soil is suspended into the water” (Göransson et al., 
2009:38). 

The process is described based on a division made 
between the instantaneous and the long-term release of 
materials. The instantaneous or near-field release 
represents that of the triggering of the event, and that 

Disturbed hydrogeology,  

contaminated soil and ground water 

Time / distance 

Slope 
Impulse wave 

SPM-pulse 

Resusp. Sedimentation. 

Critical erosion and 
resuspension properties 

Critical slope properties 

Critical transportation 
processes for contaminant 

Critical sedimentation 
properties of SPM 

Critical hydrodynamic 
Properties 

Critical slide properties 
for wave generation 

• Run-out zone 
(deposition) 

• Potential for damming 

• Stirred soil/sediment 
• 2:nd Run-out zone (deposition of susp. mtl / erosion, 
flow, deposition of bottom sed.) 

• Potential for flooding 

• Mixing of soil, sediment, water, contaminants  

• Initiate zone (head 
& flowing part) 

• Cracking, move-
ment 

• Disturbed soil 

Movement 

Release path for contaminant 

Exchange 

Critical chem./phys. properties 
of soil/sed/water 

Critical chemical processes for 
exchange 

Critical chem./phys. 
properties of contaminant 
for mobilisation 

Figure 4a. Processes and properties governing the release and transport of contaminants due to slope failure into surface waters (Göransson et al., 2009). 
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of the perpendicular movement of the mobilised mate-
rial into the SWS. Contaminant mobilisation is consid-
ered plausible through: 

i. the disturbance, mixing and exposure of soils, 
sediments and groundwater to the air and SWS 
within the initiate zone, 

ii. the stirring and exposure of soils and sediments 
to the SWS within the run-out zone, and, 

iii. the further far-field transport of materials set into 
suspension through stirring of soils and sedi-
ments into the 2nd run-out zone. Based on obser-
vations made on the character of storm-induced 
flood waves, this transport is hypothesised to 
occur in pulses with the main pulse occurring on 
the rising limb of the impulse-generated, radially 
propagating wave (surge) likely to form in con-
junction to the main movement.  

Contaminant mobilisation from within reaches struck 
by the surge and/or the initial rise in water level 
caused by the transport of material into the water 
reaches is also considered part of the instantaneous 
release. 
 The long-term release of materials is defined as 
that occurring after the “...hydraulic regime returns to 
normal conditions...” (Göransson et al., 2009:39). It 
represents the continued mobilisation of contaminants 
from displaced materials through resuspension, diffu-
sion, desorption and dissolution.  
 Spread of contaminants in connection to mass 
movements may hence be volatile (within the initiate 
zone), solute and/or particle-bound (within the run-out 
zones).  
 
4.2. Decisive factors 
The fate and effects of materials (sediments, contami-
nants) displaced into a SWS through slope failure will 
essentially be controlled by: 
 the displaced geological material(-s) hydraulic mo-

bilisation potential, 
 the displaced contaminant(-s) chemical mobilisa-

tion potential, and, 
 the bioavailability of the displaced contaminant(-s).  
According to Göransson et al. (2009), specific govern-
ing factors can be divided into critical slope and slide 
properties, chemical/biological/physical properties of 
the soils/sediments/contaminants/water, and, hydrody-
namic properties of the SWS. 
 Slope and slide properties can be assumed to de-
fine the type and magnitude of the movement, hence 
the inherited state and energy (mobilisation potential, 
bioavailability) of materials involved, and thus the 
imposed potential of the hazard. Governing factors in 
terms of mass movement occurrence within the initial 
zone as described in section 3.4 are critical in this con-
text, so is geology/geomorphology of immediately 
surrounding reaches. Göransson et al. (2009) mentions 
slope aspect, undisturbed shear strength, pore water 
pressure within the initial zone and geometry and com-
position of media within the run-out zone as especially 
imperative. 

 Upon entry into the run-out zone(-s), the inherited 
mobilisation potential of involved materials will be 
influenced by the chemical, biological and physical 
properties of surrounding reaches and media. This 
includes the chemical, biological and physical proper-
ties of the air, the water body and disturbed soils and 
sediments incorporated into/affected by the movement. 
Grain size, density, organic carbon content/supply and 
grade of bioturbation are likely key concerns for the 
soils/sediments potentially involved (Göransson et al., 
2009; Larsen et al., 2007). So is redox potential, pH 
and temperature which is also critical for the state and 
properties of the water body. For contaminants in-
volved/potentially involved; solubility, vapour pres-
sure, biodegradability, adsorption properties and sta-
bility (phase) are to be considered key governing fac-
tors (Göransson et al. 2009; Andersson-Sköld et al., 
2007; Westrich & Förstner, 2007).  
 It is the hydrodynamic properties of the SWS that 
will govern the long-term release and transport of con-
taminants in accordance with the above. Discharge 
rates and carrying capacities, circulation patterns, com-
position and micro/macro-scale morphology of sur-
rounding reaches are the key factors that will deter-
mine a) to what extent displaced materials will be 
transported within the SWS, b), to what extent up/
downstream reaches will be integrated into the move-
ment, and, c), where transported materials will be de-
posited. An important aspect of the hydrodynamic 
properties to bear in mind is the imposed alterations to 
those potentially brought about by the movement it-
self. Hydrodynamic properties, and to a certain extent 
also the chemical and biological properties of involved 
media, is also influenced by climatic conditions and 
may accordingly vary seasonally. 
 
4.3. Environmental concerns 
The most obvious environmental concern of the mass 
movement-contaminant release and transport hazard is 
that of the spread of toxic substances throughout in-
volved media. Associated effects/risks will be deter-
mined by the scope of the hazard according to the 
above, and, by the vulnerability (resilience) and im-
posed environmental and societal values of affected 
reaches.  
 Another aspect of the hazard is that of the imposed 
rearrangement of the physical surroundings and asso-
ciated alterations to the entire hydrodynamic system. 
Depending on the extent and character of these altera-
tions, environmental damage can be hypothesized 
through e.g. modifications of nutrient circulation pat-
terns, damage to natural habitats and through a reduc-
tion in visibility, light transmission, oxygenation thus 
potability and bioproductivity of involved ecosystems 
in connection to the stirring and suspendation of soils/
sediments (Schuster & Highland, 2007; Meehan, 
1991:152-166). Such concerns are plausible with or 
without the involvement of contaminated material. 
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5. Mass movements in Sweden 
In the following chapter, the extent and character of 
Swedish mass movement hazards is briefly described 
based on what can be deduced from existing literature 
and recordings made in the national mass movement 
database presented in chapter 2. Trends, authorities 
and mitigation measures are also reviewed.  
 
5.1.  The geological context 
The Swedish landscape is one of great variety. It has 
evolved over nearly three billion years through a wide 
array of geological processes. Morphology, structure 
and composition of both bedrock and soil have been 
altered through repeated orogenies and glaciations, 
through periods of intense volcanic and earthquake 
activity, through heavy erosion (peneplanation) and 
through isostatic fluctuations at different spatial and 
temporal scales. Climate has varied and flora and 
fauna alike. The shapes that form and the materials 
that cover the surface of the Swedish landmass today, 
however, is to a large extent a result of Quaternary 
glaciation and deglaciation events (Wastenson & 
Fredén, 2002). It was only ~10 000 years ago that the 
last parts of the latest Fennoscandian continental ice 
sheet left the northernmost parts of Sweden (whose 
borders it once covered completely), leaving behind a 
partly inundated, substantially altered, young and rela-
tively unstable landmass covered in thick glacial and 
postglacial deposits still undergoing substantial 
isostatic rebound.  

Since then, land uplift has continued whereby pre-
viously submerged lowlands have gradually come to 
rise above the sea surface. Considerable volumes of 
fine-grained marine, lacustrine and fluvial deposits 
have accordingly been subaerially exposed. Mean-
while, erosion, inclination and overall sensitivity of 
slopes within and around those deposits have in-
creased. The gradual decrease in the base level of adja-
cent rivers and lakes that followed upon the lowering 
of the sea level is one reason for this. Gradual leaching 
of salts from and within marine deposits is another. 
Consequently, substantial parts of the Swedish land-
mass have come to suffer from geological conditions 
prone to mass failure.  

 
5.2. Distribution, types and frequencies 
Fig. 5a illustrates the nationwide mass movement haz-
ard with respect to the known occurrence of mass 
movement scars (SGU, 2009) and events as docu-
mented in the national mass movement database (SGI, 
2009). The geological conditions discussed are evident 
in that as good as all areas of high to intermediate fre-
quencies (thus risks) lie well below the highest coast-
line, north of the boundary for pronounced upheaval of 
land and/or in areas bordering open waters.  

The most affected region is that of Västra Götaland 
County along the north of the west coast, in and 
around the city of Göteborg (Sweden’s second largest; 
~910 000 inhabitants). About 50% of all events docu-
mented in the database have been recorded in this re-

gion (however, the number might be somewhat mis-
leading as documentations here are likely to be over-
represented due to relatively high population densities 
over long periods of time, and, due to a long history of 
regional mass movement hazard studies). The majority 
of the documented events here have occurred in the 
thick (up to one hundred metres), relatively loose, ho-
mogenous and partly highly sensitive marine glacial 
and postglacial clays and quick clays of the Göta Älv 
river basin downstream Lake Vänern. According to 
SGU (2009), approximately 500 million cubic metres 
of material have been eroded within this major 
(Sweden’s largest) river basin in connection to histori-
cal mass movement activity; much through frequent 
small and shallow earth sliding events, but much as 
well through rarer but more major progressive and 
retrogressive rotational earth sliding events. Viberg et 
al. (2001) estimated that slides involving more than 
10 000 m2 of land occur approximately once every 
third year within this area. Furthermore, several events 
through which land areas of several hundred thousand 
square metres have been displaced have also been re-
corded throughout historical times. Examples are Jord-
fallet (1150; ~0.51 km2), Intagan (1648; ~0.27 km2), 
Surteskredet (1950; ~0.27 km2), Götaskredet (1957; 
~0.37 km2) and Tuveskredet (1977; ~0.27 km2). There 
is a clear tendency for the movements in this area to 
occur during autumn when rainfall is at an annual high 
and run-off intensities and pore-water pressures are 
seasonally increased (Viberg et al., 2001; Wenner, 
1951).  

Earth slides are also relatively common along the 
shorelines of rivers further inland (e.g. Klarälven, 
Norsälven and Vrångsälven). However, here they are 
generally smaller and less frequent than in the west. 
This is mainly considered to be due a marked differ-
ence in the physical properties of the sedimentary de-
posits of which a much greater proportion in these 
areas are of glacial origin. Hence, they are generally 
much thinner, much firmer and thus less sensitive to 
deformation and transport when compared to those of 
the Göta Älv river basin (Hultén et al., 2005). Still, 
major events involving the displacement and further 
transport of several tens of thousands of square metres 
of land have occurred here as well (e.g. Trossnäs 1969; 
~0.52km2). These events have not only been restricted 
to earth slides; earth falls and flows have also been 
documented. 

Although mass movements also do occur in certain 
areas along the south of the east coast of Sweden (e.g. 
Within Östergötland and Stockholm counties), they are 
rather rare and especially so when compared to those 
of the south of the west coast. There are no major riv-
ers in this area as is the case further west and north. 
Consequently, the movements that do occur in this 
area mainly do so either in connection to the sea, or in 
connection to lakes. Earth and debris slides are the 
most common type of movements although some rock 
falls have been documented. 

The regions surrounding the great rivers of the 
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north (mainly Ångermanälven, Umeälven, Piteälven 
and Luleälven) represent further areas of frequent 
mass movement occurrences. These are the areas in 
Sweden for which isostatic uplift is and has been abso-
lutely most pronounced throughout the past thousands 
of years. The current rate is ~9mm/yr which is the 
highest rate nationally (SGU, 2009). The rivers men-
tioned have all developed first as pathways for glacial 
melt water whereby a range of materials predominated 
by fine-grained sand, silt and some clay have been 
deposited along and around their courses (Hultén et 
al., 2005). As land uplift has progressed, the rivers 
have cut down rapidly through their own deposits 
whereby bluffs of up to 50 metres in height and up to 
45º in mean inclination have come to form (Svensson 
et al., 2006). Such bluffs are theoretically too steep to 
be standing. Negative pore water pressures and cemen-
tation effects within the soil act stabilising, however, 
movement is unavoidable and frequent, particularly 
during spring in connection to snow-melt when stream 

erosion and weathering through freeze/thaw action is 
especially prominent. The main types of movements in 
these regions are small to moderately sized earth and 
debris falls and/or translational slides. Major events 
are relatively uncommon and mainly restricted to more 
clayey regions wherein movements that resemble rota-
tional slides, i.e. with a certain degree of curvature to 
the slip surface, have been known to develop 
(Svensson et al., 2006). Sporadic flows have also been 
recorded here.  

Although not highlighted in fig. 5a, it should be 
noted that rock and debris falls and flows are rather 
common in the more mountainous areas of north-
western Sweden. These are regions that in places can 
be very rich in relatively sensitive tills and/or weak, 
jointed bedrock (Fallsvik et al., 2007). However, due 
to the fact that this is an area extremely sparsely popu-
lated, few recordings of movements have been made. 
Occasional debris flows are also known from regions 
characterised by steep fault lines, e.g. in the areas 

Figure 5a. Overview of the Swedish mass movement hazard as indicated by: 
    (i)    the known occurrence of mass movement scars (base map; SGU, 2009) and,  
    (ii)  events per county as documented in the national mass movement database (column bars). Only counties for which 
   there are >5 events documented have been accounted for here.  
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around the southern parts of Lake Vättern. 
Concluding, mass movements of different spatial 

scales occur repeatedly in Sweden and are mainly con-
centrated to river basins located (i) well below the 
highest shoreline and, (ii), in connection to areas along 
the north of the west- and the north of the east coast. 
Earth slides are the overall most frequent type of 
movement with rotational events in clays being those 
most common in the south, and translational events in 
(mainly) silts being typical for the more northern areas 
where also earth and debris falls and flows occur occa-
sionally. Movements are especially common during 
autumn in south-western Sweden, and during spring in 
northern Sweden. 
 An important point to make is the potential modifi-
cation of national mass movement frequency and dis-
tribution in relation to predicted future alterations of 
regional, and local, climatic conditions. Modelling 
conducted by the Swedish Meteorological and Hydro-
logical Institute (SMHI, 2005) has indicated that the 
national annual average temperature may increase with 
~2.5-4ºC until the year 2100 due to human greenhouse
-gas emissions. If so, rates of precipitation and run-off 
may increase with as much as 30% meanwhile (SMHI, 
2005), thereby increasing rates of erosion, pore-water 
pressures and potentially also mass movement fre-
quencies in many parts of the country (Fallsvik et al., 
2007) (fig. 5b).  
 Furthermore, there is the hypothesised global sea-
level rise to bear in mind. Inland, this rise may in 
places act stabilising through increasing base-levels of 
rivers, hence increasing slope support. In coastal areas, 
however, it may add to mass movement concerns as 
wave and wind erosion is likely to become more 
prominent (Hultén et al., 2005). Finally, more pro-
nounced and hastier temperature-changes have also 
been hypothesised (Fallsvik et al., 2007). These would 
also be likely to increase mass movement frequencies 
through increasing rates of weathering through freeze/
thaw-processes. Forecasts are clearly complex but po-
tential scenarios nevertheless important to bear in 
mind.  

5.3. Responsibilities and mitigation measures 
The ultimate responsibility for safety and health issues 
regarding mass movement hazards and risks within a 
defined area in Sweden lies with the specific land-
owner. However, there are governmental authority 
missions, bodies, hierarchies and contribution systems 
implemented so as to identify, enforce, guide and sup-
port relevant and in some cases defined and legislated 
mitigation measures. The two main bodies of authority 
in this context are the Swedish Civil Contingencies 
Agency who is assigned with the overall governmental 
authority mission of responsibility for matters related 
to civil protection, emergency management and civil 
defence, and, SGI. The latter acts as a governmental 
expert body for matters relating to mass movement 
hazard management, thus having more of an advisory 
role. These are the bodies within which monetary 
funds, relevant tools and theoretical expertise are pri-
marily to be found and channelled, and, through which 
relevant research, education and legislation is funda-
mentally implemented.  
 
5.3.1.  Hazard and risk management 

Except for research, education and direct relief aid in 
connection to actual mass movement events, the main 
means of Swedish mass movement hazard and risk 
management is through standardised slope stability 
mapping in accordance with an investigation program 
delineated and launched by the Royal Swedish Acad-
emy of Sciences’ Commission on Slope Stability in 
the late 1980s (see Axelsson et al., 1995). The pro-
gram recognises four stages of investigation of which 
the first is an “overview mapping stage” whose yet-to-
be-completed nationwide implementation is the ulti-
mate responsibility and governmental authority mis-
sion of MSB. This stage involves crude, regional com-
putations of factors of safety along type sections of 
inhabited areas based on what is already known about 
slope geometry, soil distribution and soil properties 
(shear strengths, pore water pressures, loads etc.). Re-
sults are used to assess and map levels of mass move-
ment hazard in accordance with soil- and slope-
specific recommendations for levels of factors of 
safety, and, to subsequently analyse the need for any 
potential implementation of investigation stage two. 
This stage is referred to as “the detailed investigation 
stage” and is the responsibility of the specific land-
owner and/or the relevant municipality. It requires 
actual field and laboratory studies so that geometries, 
shear strengths and pore water pressures within sec-
tions found especially vulnerable can be roughly deter-
mined. Should results be deemed necessary, studies 
are further intensified and diversified in accordance 
with investigation-stage three so that these factors, and 
their margins of errors, can be decisively determined 
along a number of potential slip surfaces. Stage four 
involves “complementary investigations” mainly aim-
ing at assessing possibilities, costs and dimensions of 
potential intervention measures.  

As the first formal recognition and incorporation of 

increase 
small/no change 
decrease 

Figure 5b. Potential alterations to  mass move-
ment-susceptibility in Sweden due to predicted 
regional effects of climate change (precipitation
- and run-off-patterns) up to the period 2071-
2100. From Fallsvik et al. (2007). 
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the mass movement hazard into national social struc-
ture planning and development, the slope stability in-
vestigation program is and has been fundamental for 
Swedish mass movement hazard and risk management. 
However, during recent years, the program has been 
subject of criticism. Hultén et al. (2005) highlighted 
the lack of recognition given potential effects of e.g. 
climate change. Inherited sensitivities of key factors to 
changes of the natural environment are not much con-
sidered whereby it is possible that some of the map-
ping will have to be redone for the future. Also, the 
program is delineated based on investigations of slope 
stability made mainly within the Göta Älv region. 
Techniques are hence standardised based on investiga-
tions of slope stability of clayey slopes prone to rota-
tional sliding, and not straightforwardly adopted to all 
other national areas potentially at risk. 

It should also be noted that stability-mapping 
measures have as of yet been restricted to inhabited 
areas. Not yet developed areas thus completely lack 
hazard assessment, something to bear in mind for the 
future. Moreover, there is the lack of recognition given 
actual risks. The consequences of potential mass 
movements are not a factor considered. Risk analysis 
is actually something rather novel to Swedish natural 
hazard management and it is only during recent years 
that potential methods for implementation and execu-
tion have been thoroughly contemplated. SGI and the 
Chalmers University of Technology conducted pio-
neering work in the late 1990s. A method for mass 
movement risk assessment in accordance with a risk 
matrix, taking into respect four levels of probability of 
movement on the one hand, and four levels of severity 
of physical consequences on the other was developed 
(Alén et al., 2000) (fig. 5c). The method has since 
been successfully applied to some communities along 

the Göta Älv river valley downstream of Lake Vänern. 
However, it has not been applied to other relevant 
parts of the country. Risks in terms of associated re-
lease and transport of pollutants is not a factor much 
considered. 

With regards to measures of more direct monitor-
ing of factors indicative of potential slope movements, 
SGI currently has some instruments in place along 
some areas at risk (e.g. along parts of the Göta Älv and 
the Ångermanälven river valleys). Related research 
programs have also been launched during recent years 
in collaboration with other European states.  

 
6. Soil contamination in Sweden 
The following chapter reviews the extent and general 
character of sites of established/suspected/potential 
future soil contamination in Sweden. Reasons, legisla-
tive responsibilities and management measures are 
also considered. 
 
6.1. The historical context 
Swedish environmental pollution history is largely an 
account of Swedish industrialisation. Starting in the 
mid-19th century, the country went from being a rela-
tively poor, agricultural country to a rich and advanced 
industrialised nation over just a hundred years. The 
landscape as well as the society underwent a dramatic 
transition as the country’s natural resources were pro-
gressively exploited upon. Widespread woodlands 
were subject of intense forestry, mining activities up 
north expanded and eventually, glass-, metal-, textile-, 
electro-, chemical-, petrochemical- and engineering 
industries spread throughout the country together with 
an ever-expanding infrastructure. The economy 
thrived, but the environment gradually deteriorated 
through the escalating release and accumulation of 
hazardous and toxic substances in the air, in the water 
and in the soil. Meanwhile, artificial fertilizers and 
chemical pesticides were starting to become increas-
ingly common in the remains of the agricultural sector, 
hence exacerbating the problem. Proper concerns were 
not raised until the 1960s, at what point in time the 
industrial era in the country stood at its height, and 
substantial and in many ways irreversible damage had 
already been done. Since then, the Swedish govern-
ment has taken on an increasingly active environ-
mental approach whereby investigations and remedia-
tion measures of contaminated soil, as well as control 
programs of environmentally hazardous activities and 
their process substances and waste have been standard-
ized, legislated and initiated. Hence, the knowledge 
about the extent, character and risks of existing and 
potential sources of soil and overall environmental 
pollution has increased substantially.  
 
6.2. Extent, distribution and character 
As a result of the mandatory nationwide inventory 
investigations mentioned in the introduction, a little 
more than 80 000 sites of potential soil contamination 
have now been identified throughout Sweden (SEPA, Figure 5c. Example of a mass movement risk map according to the metho-

lodgy developed by Alén et al. (2000). From Göransson et al. (2009). 
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2009a). Due to the fact that most of these investiga-
tions have been completed, and based on the fact that 
this number has not increased significantly over the 
past few years, it is believed to be a good approxima-
tion of the total number of potentially polluted sites 
within the country (SEPA, 2009a). Adding to this 
number however, are numerous (several thousands of) 
facilities classified as hazardous meaning that their 
ongoing emissions may pollute the air, surface water, 
groundwater and/or soil (SEPA, 2008a; SEPA, 2008b). 
With regards to the mass movement-contaminant re-
lease and transport hazard, these facilities are of just as 
big a concern as already contaminated soils. Much in 
terms of detailed investigations of the potentially con-
taminated sites identified remains to be done. Still, 
initial investigations and national registers within 
which all environmentally hazardous facilities are to 
record their emissions allow for some theorising on the 
overall geographical spread, as well as the overall 
qualitative characteristics of ascertained as well as 
potential/future sites of soil contamination. 

A majority of the potential sites of soil contamina-
tion can somehow be related to one or typically several 
historical and/or present-day industrial activities; ei-
ther through the more direct emissions (release and/or 
leaching of pollutants into soils during production), 
and/or through more indirect emissions stemming 
from e.g. landfills of process waste (SEPA, 2009a). 
Consequently, many of the sites are found in close 
connection to open waters since the industrial activity/
-ies responsible for their existence often have required 
water for both production and transportation purposes. 
This is especially true for the more severely polluted 
areas. Major riverine sites and coastal areas, especially 
those of major harbors, are hence those areas most 
severely affected overall.  

Nationwide, the most common types of contami-
nants found are various metals, arsenic, halogenated 
hydrocarbons, dioxins, PAHs (polycyclic aromatic 
hydrocarbons), oil, phenols and various organic sol-
vents (SEPA, 2009a; fig. 6a). This is in addition to 
widespread soil acidification due to (i) traffic fumes, 
(ii), industrial air pollution and associated fallout and, 
(iii), agricultural use and hence release of artificial 

fertilizers and chemical pesticides into the surrounding 
environment (Andersson, 2009). Due to the fact that 
investigated sites commonly have suffered contamina-
tion from more than one responsible act, pollutants are 
furthermore often found in highly variable combina-
tions and concentrations. It is thus hard to make gener-
alisations concerning geographical concentration of 
specific types of pollutants in certain regions based on 
traditional geographical distribution of specific indus-
trial branches. I.e., at one polluted site, multiples of the 
above mentioned contaminants are typically found 
(SEPA, 2009a). This is especially true for southern 
Sweden, where a great variety of industrial activities 
have been (and still are being) concentrated (see fig. 
6b). Some overruling trends can however be deduced. 
For example, there is the forest industry which includ-
ing sawmills, wood impregnation facilities and pulp- 
and paper manufacturing practices is believed to be 
responsible for almost one third of all contaminated 
sites within the country. Although spread throughout 
many parts of Sweden, such practices and facilities 
have traditionally been concentrated to areas along the 
rivers and coasts of the north of the country. Severe 
dioxin, PAH, oil, phenol and heavy metal pollution has 
hence followed in many soils within these regions.  

Another example is the inorganic chemical, textile 
and leather industry that is and has been especially 
prominent in parts of south-western Sweden; mainly in 
and around Klarälven and the Göta Älv river basin. 
This has caused substantial release and accumulation 
of (e.g.) petroleum products, solvents and various met-
als at many sites there. Mining activities as well as 
glass-industries are other branches commonly held 
causative for the contamination of soils. These, how-
ever, have normally been restricted to interior parts of 
Sweden and are not typically found adjacent to open 
waters. As for the engineering industry (which at pre-
sent is the largest in Sweden), however, this is an in-
dustrial branch that is widespread throughout most 
parts of southern Sweden hence responsible for much 
of the enrichment of heavy metals in soils in and 
around surface water systems there.  

Concluding, as a result of widespread industrialisa-
tion over more than one hundred and fifty years, sites 
of potential as well as established soil contamination is 
now spread throughout as good as all parts of Sweden 
with the exception of the more pristine, isolated north-
western regions. Although there are some patterns to 
the geographical distribution of certain industrial ac-
tivities, multiple organic as well as inorganic pollut-
ants are typically found/suspected/to be anticipated at 
associated sites of soil contamination. This is in addi-
tion to extensive soil acidification. Areas most se-
verely affected are those neighbouring major rivers, 
lakes and harbor areas – mainly in the southern parts 
of the country. However chaotic, fig. 6b somewhat 
serves to demonstrate the overall geographic distribu-
tion and complexity of Swedish industrial activities, 
environmentally hazardous facilities and potential as-
sociated sites of soil contamination.  

halogenated 
hydrocarbons 
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oils 
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dioxin 
11% 

other 
13% 

arsenic 
25% 

metals 
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copper 
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cadmium 
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27% 
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Figure 6a.  The most common established and/or suspected types of pollutants 
at the 216 top-priority sites of soil contamination in Sweden 2008. After SEPA 
(2009a). 
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6.3. Responsibilities and management 
Swedish environmental law rests upon the Environ-
mental Code (Miljöbalken) of 1999 within which over-
arching responsibilities and rules of consideration con-
cerning the sustainable safeguarding of the Swedish 
environment are formulated and legislated. As such, it 
is the most important and powerful piece of legislation 
when it comes to responsibility matters relating to es-
tablished and/or potential cases of soil contamination. 
Two of the most fundamental principles declared are 
 the polluter pays principle, and,  
 the precautionary principle.  
This basically means that for any environmentally haz-
ardous activity, it is the operator who is responsible for 
seeing to that necessary mitigation measures are un-
dertaken and made official before, during and after any 
potential environmental influence. However, as with 
concerns of mass movement hazards, there are govern-
mental authority missions, bodies, hierarchies and con-
tribution systems implemented so as to identify, en-
force, guide and support relevant and in some cases 
defined and legislated mitigation measures. 
 
6.3.1. Contaminated soil 

Of the sixteen environmental quality objectives set up 
and put into practice by the Swedish Parliament (in 
between 1999 and 2005 as mentioned in the introduc-
tion), number four – “a non-toxic environment” – 
deals especially with aims, actions and responsibilities 
concerning soil contamination. The overall vision of 
this objective is a Swedish environment free from 
“man-made or extracted compounds and metals that 
represent a threat to human health or biological diver-
sity” (SEPA, 2009b). Concerning sites of potential soil 

contamination specifically, it is said that “appropriate 
action will have been taken by the end of 2010 at all 
contaminated sites that pose an acute risk on direct 
exposure, and at contaminated sites that threaten im-
portant water sources or valuable natural environ-
ments, today or in the near future”, and, that “between 
2005 and 2010, measures will be implemented at a 
sufficiently large portion of the prioritized contami-
nated sites to ensure that the environmental problem 
as a whole can be solved by 2050 at the latest”. This is 
according to interim targets number six and seven re-
spectively (SEPA, 2009a).  
 In order to be able to meet these objectives, the 
governmental agency appointed overall responsible for 
their fulfilment - the Swedish Chemicals Agency 
(Kemikalieinspektionen) - urged the standardized, 
nationwide inventory investigations of potential sites 
of soil contamination mentioned earlier. These investi-
gations can be divided into two main stages namely (i) 
the identification stage and, (ii), the environmental risk 
assessment stage. The latter is to be done in accor-
dance with the so-called MIFO (Metodik För Inventer-
ing av Förorenade Områden)-method which was de-
lineated by SEPA in the late 1990s (SEPA, 1999). The 
MIFO-method (fig. 6c) takes five main assessment 
criteria into consideration when evaluating the envi-
ronmental risks associated with the identified site 
namely:  
 degree of hazard based on toxicity (F), 
 level of pollution based on concentrations, volumes 

and/or areas (N), 
 level of sensitivity based on potential human/

environmental exposure (K), 
 worth of protection based on protective value of 

the surrounding environment (S), and, 
 spreading conditions. 
The assessment results in the site being classified as a 
class 1 (very great risk), class 2 (great risk), class 3 
(moderate risk) or class 4 (slight risk) object. MIFO-
investigations can be carried out in two stages depend-
ing on need. Resultant risk-levels are used to prioritise 
and coordinate potential remediation measures deemed 
necessary.  
 In accordance with the polluter pays-principle, the 
ultimate responsibility for the execution and costs of a 
MIFO-investigation as well as any potential remedia-

Figure 6b. A map of dominating industrial 
branches in Sweden 1993 (Wastenson et al., 
1992). Each dot represents a dominating 
industry and each color represents a specific 
industrial branch. Demonstrative of nationwi-
de trends in distribution and variation of 
industries hence environmentally hazardous 
installations and sites of potential soil conta-
mination.  

 

 

Figure 6c. The MIFO-method risk classification scheme (SEPA, 1999). 
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tion measure found necessary at the particular site lies 
with the responsible operator and/or specific land-
owner. However, documentation, prioritisation, coor-
dination and supervision of the same are mainly con-
cerns of the specific municipality and County Admin-
istrative Board (Länsstyrelse). Furthermore, govern-
mental subsidies and overarching supervision is a mat-
ter of the Swedish Environmental Protection Agency. 
The SGI and the SGU are appointed governmental 
expert agencies in this context. 

 As already stated, most sites of potential soil con-
tamination within the country are considered identi-
fied. However, MIFO-assessments, as well as subse-
quent after-treatment measures, largely remain to be 
done. With regards to the interim targets cited above, it 
is generally believed that whereas number six will 
probably not be able to be met. Number seven, how-
ever, is still considered manageable – knowledge and 
resources allowing (SEPA, 2009a). 

  
6.3.2. Environmentally hazardous facilities 

According to the Integrated Pollution Prevention and 
Control (IPPC) Directive and chapter 9 of the Swedish 
Environmental Code, all environmentally hazardous 
facilities within the country require a permission of 
operation. Such a permit requires the completion and 
approval of an environmental impact assessment 
wherein potential environmental influences and risks, 
alternative measures of conduct and necessary mitiga-
tion/remediation measures are analysed, weighted 
against one and another and presented for a licensing 
and supervisory authority (typically the appropriate 
County Administrative Board). Should a permit be 
given, chapter 26 of the Swedish Environmental code 
dictates that for this permission to be retained, annual 
reports of emissions are to be reported to and approved 
by specified regulatory bodies (typically the licensing 
authority) in accordance with the European Pollutant 
Release and Transfer Register (E-PRTR)-regulation of 
2006 when applicable.   

7.  Combining the hazards: hazard 
 analyses and case studies 
With regards to all of the above, it would appear as 
though the hypothesised mass movement-contaminant 
release and transport hazard exists throughout much of 
the country. In the text that follows, specific surface 
water systems potentially at risk are highlighted. Three 
risk areas are further analysed based on a weighted 
assessment of mass movement activity on the one 
hand, and geographical distribution of environmentally 
hazardous facilities and potential/established sites of 
soil contamination on the other. Next, specific risks 
are demonstrated through a review of consequences of 
relevant mass movement events as found during this 
study. Accordingly, the actual extent and character of 
the potential hazard can be further deduced. 
 
7.1. Areas affected/areas at risk 
Of the 393 events recorded and classified according to 
the standards of Varnes (1978) in the proposition of 
the national mass movement database, 375 (~95%) 
have occurred into/in close proximity to surface water 
systems. The vast majority, 90%, has primarily af-
fected running waters, 5% has taken place into lakes/
ponds and the remaining 5% has occurred in and along 
coastal areas. Fig. 7a summarises those areas most 
affected (all rivers).  

As already noted, one can conclude that the Göta 
Älv river basin downstream Lake Vänern represents 
the by far most mass movement-frequented area in 
Sweden. Since the area is also suffering from wide-
spread soil contamination and a very high concentra-
tion of various environmentally hazardous facilities, 
and since the river serves as the main freshwater re-
source for approximately 700 000 people, it ought to 
be considered the prime risk area in terms of potential 
pollution release and transport in connection to mass 
movement activity. However, since this is also the area 
so far most acknowledged in this context, it will not be 
the main focus of this study. Instead, the reader is re-
ferred to the work of Göransson et al. (2009) for fur-
ther information on risks within this region specifi-
cally.  

Figure 7a. The most mass movement 
-affected Swedish surface water 
systems (name; no of recorded 
events; total share in percentage). 
Numbers have been compiled from 
recordings in the proposition of the 
Swedish national mass movement 
database. 

Göta Älv (incl. tributaries); 
155; 41% 

Other; 
115; 31% 

Ångermanälven (incl. tributaries); 22; 6%  

Piteälven (incl. Lillpiteälven); 18; 5% Luleälven (incl. Lilla & Stora Luleälven); 16; 4% 

Klarälven; 15; 4% 

Viskan; 10; 3% 
Moälven; 9; 2% 

Dalälven (incl. Öst- & Västdalälven); 9; 2% 
Umeälven; 6; 2% 
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Based on remaining SWS at risk as indicated by fig 
7a, three (i.e. parts of three) have been chosen for 
more detailed hazard analysis; Viskan, Klarälven and 
Ångermanälven. The respective location of these three 
rivers, and the respective specific reaches subject of 
analysis, is illustrated in fig. 7b.  

Except for their respective mass movement-
frequency, the three were chosen based on their dis-
similarity in terms of geology, geography, anthropo-
logical influence and type of mass movement activity. 
This in order to enable comparison and a more com-
plete assessment of nationwide hazards and risks. 
Amount of relevant information available was another 
decisive factor.  

 
7.1.1.  Viskan 

Viskan is the most northerly of the four so-called 
Swedish west-coast streams. It is approximately 140 
kilometres long and has a catchment area of about       
2 200 km2 of which a majority - roughly 60% - is for-
ested (Marks Kommun, 2008). The stream dewaters 
parts of the south-Swedish highlands as it originates in 
Lake Tolken in the county of Västra Götaland. From 
there, Viskan flows WSW in a relatively narrow and in 
places steep channel through a partly rocky, partly 
forested, partly open landscape. Eventually, it reaches 
the city of Borås (63 500 inhabitants) where several 
old textile factories border its way. Further south, Vis-
kan enters flatter and more low-lying terrain character-
ised by extensive wetlands and increasingly cultivated 
areas whereby it gradually calms down, widens and 
develops distinct meanders. Viskan flows into the Kat-
tegatt Sea through Klosterfjorden some 15 kilometres 

north of the city of Varberg (26 000 inhabitants). The 
average annual water discharge is about 34 m3/s with 
maximum rates of up to about 180 m3/s occurring dur-
ing spring and/or autumn floods, and minimum rates 
of just a few m3/s being normal throughout the sum-
mer months (Olofsson, 2009) (fig. 7c).  
 Viskan is arguably one of the most severely de-
graded SWS in Sweden. Not only does it flow through 
one of the nationally most densely populated areas 
with multiple major industries having bordered its way 
for more than a century thereby causing extensive and 
oftentimes severe pollution of surrounding media. 
Lake lowering and -regulation, damming and draining 
has also been undertaken. Nevertheless, much of the 
stream course remains of great conservation value with 
extensive natural pastures and nationally significant 
salmon- and trout-nurseries and playgrounds along its 
way. 
 The studied reaches are located along an approxi-
mately 15 km long stretch of the stream located within 
Mark Municipality in the county of Västra Götaland. 
Erosion and gullying along the stream course is exten-
sive here and stability enhancement measures have 
been undertaken. According to the national mass 
movement database, ten earth/debris slides have oc-
curred within the municipality in connection to Viskan 
since the 18th century (nine since the 20th century). 
This makes it one of the most hazardous regions in 
Sweden with regards to slope failure. All of the more 
recent recorded events have been about 20-40 m wide 
and 30-60 m long, however, there is one event on re-
cord from the 18th century that supposedly affected a 
150*250 m area.  

The local geology can in many ways be compared 
to that of the southern parts of the Göta Älv river val-
ley. According to geotechnical investigations con-
ducted in connection to local slope stability investiga-
tions, massive, up to 80-90 m thick glacial and post-
glacial clay deposits with interbeddings of coarser and/
or organic material dominate the sediments along the 
stream course (Kristensson, 2000). These are normally 
overlain by a few metres of recent to contemporary 
river deposits; i.e. silts and sands. Kristensson (2000) 
also noted a tendency for the sensitivity of the clays, 
together with hydrostatic pressures within the soils, to 

Figure 7b. Viskan, Klarälven 
and Ångermanälven: the three 
SWS chosen for more detailed 
risk analysis (base map 
©Lantmäteriet, 2009). Circled 
areas indicate the location of the 
specific reaches subject of 
study. 

  

Figure 7c. Mean monthly water discharge (column bars) at Åsbro, Viskan. 
Normal discharge 1978-2007 is indicated by the solid line. Maximum and 
minimum mean monthly discharge for the same period is indicated by the 
dotted lines. From Olofsson (2009). 
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increase towards the south of the region. Quick-clay 
has been confirmed in conjunction to some of the mass 
movements recorded in the database. Topographically, 
primarily along the northernmost parts of the studied 
section, it is not uncommon with 15-25 metres relief 
between the top of the riverbank and the deepest parts 
of the stream (Kristensson, 2000).  

The mass movement-contaminant release and 
transport hazard is illustrated in fig. 7d. The analysis 
has been restricted to those parts along the stream that 
have been subject of standardised stability investiga-
tions. One environmentally hazardous facility and 21 
sites of potential/established soil contamination that lie 
within (i) 150 metres distance of the river course (the 
maximum extent of earlier experienced movements) 
and, (ii), stability zone 1 or 2 were identified (table 7i). 
A full inventory of these objects can be found in ap-
pendix 1a. 

 The single identified environmentally hazardous 
facility and 13 of the 21 identified sites of potential 
soil contamination were found to lie within stability 
zone 1 and are hence located in areas at direct risk of 
slope failure. Of the 13 sites of potential soil contami-
nation within stability zone 1 in turn,  four have been 
subject of more detailed MIFO-investigations. Two of 
these sites have been remediated.  

 
  

Sites of potential/established soil 
contamination: MIFO-class 

Environmentally 
hazardous 
facilities  

 

  1 2 3 4 n.d.  

 
1  1 2 1 9 1 14 

2     8  8 

   1 2 1 17 1 22 

st
ab
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Table 7i. A summary of identified risk objects (Viskan) and their location 
with respect to defined stability zones. 

environmentally hazardous facility 
site of potential/established soil contamination 

stability zone 1 (risk of initial movement) 
stability zone 2 (no risk of initial movement but may be affected by movement initiated in zone 1) 

Skene Avloppsreningsverk 

Kinna Trävaru AB 

Figure 7d.  Environmentally hazardous facilities and sites of potential/established soil contamination within areas at risk of mass movement hazard along Viskan in 
Mark Municipality. Base map ©Lantmäteriet (2009). Geographic information on stability zones from Mark Municipality (2009). Geographic information on 
environmentally hazardous facilities/sites of potential/established soil contamination from the County Administrative Board of Västra Götaland (2009a, b). 
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The following risk objects may be highlighted: 
- Skene Avloppsreningsverk. A municipal waste-

water treatment plant located within stability zone 1 
(clay/si/sa on clay). Listed both as an environmentally 
hazardous facility and as a site of potential soil con-
tamination. According to a study conducted by the 
County Administrative Board of Västra Götaland 
(2002), the sewage sludge of this plant contains ele-
vated levels of dioxin and Sb (in addition to expected 
nitrogen). The reason for this is believed to be an up-
stream textile industry. In total, roughly 17 200 people 
are connected.  

- Kinna Trävaru AB. A closed timber trading 
facility wherein impregnated wood was handled and 
stored between 1930-99. The site is located within 
stability zone 1 (si/sa on clay), in direct connection to 
Viskan. Investigations have indicated As- and PAH-
soil contamination and the risk of spread of contami-
nants into Viskan has been deemed as very high. The 
object has been classified as a MIFO class 2-object.  

 
7.1.2. Klarälven 

Klarälven is arguably the most southerly of the major 
rivers of Scandinavia. Originating in Lake Rogen in 
the county of Härjedalen, Sweden, the river takes a 
detour into Norway before entering Sweden yet again 
in northern Värmland. From there, it follows a bedrock 
graben and flows SSE following impressive meanders 
over about 90 kilometres before reaching Lake Vänern 
- the largest freshwater lake in Sweden - with a  delta 
upon which the regional capital of Karlstad (56 000 
inhabitants) is located. The entire length of the river is 
estimated at 460 kilometres and the catchment area is 
approximated at 11 820 km2 (Nationalencyklopedin 
[NE], 2009a).  

The northernmost part of the Klarälven river 
course is characterised by mountainous terrain. Much 
of the catchment area located further south however – 
i.e. the regions located within Värmland – consists 
mainly of extensive forested areas, some cultivated 
grounds and some open lands. The lowermost part of 
the river - the delta - is, where not built upon, charac-
terised by a mosaic of different types of vegetation and 
hence ecosystems which have resulted in the area be-
ing classified as one of national environmental conser-
vation interest.  

Klarälven has an average annual water discharge of 
about 165 m3/s, however, seasonal variations are con-
siderable with winter lows of 17 m3/s and spring highs 
of 1 700 m3/s (Karlstad Kommun, 2009). Precipitation 
and snowmelt are the two most important factors with 
spring flood typically occurring twice; once in April in 
connection to snowmelt in the southernmore parts of 
the river valley proper, and once in May in connection 
to snowmelt in the northernmore, mountainous catch-
ment area. Sediment-transport capacities as well as 
geochemical features have been shown to vary accord-
ingly (Sundborg, 1973; fig. 7e). There are eight hy-
droelectric power plants along the river course yet no 
major water reservoirs (NE, 2009a).  

 

Figure 7e. Diagram of daily averages of pH, conductivity, discharge and 
transported solutes, suspended organic and inorganic material for 
Klarälven. Translated from Sundborg (1973). 

 In spite of its relatively southerly and interior loca-
tion, Klarälven has a geology and geomorphology that 
in many ways are more comparable to the rivers of the 
far north. Most of the course of the river - the entire 
reach studied here - lies well below the highest shore-
line and has hence evolved mainly in accordance with 
the deglaciation processes of the past ten thousand 
years. Considerable isostatic uplift, still occurring at a 
local rate of about 3.5 mm/yr, has been the overall 
dominant agent of change, causing almost incessant 
incision through gradual tilting of the river course to-
wards the south. As a result, a sequence of down-cut 
river deposits and delta sequences have come to form 
towards the river’s present-day debouchment in Lake 
Vänern (SGU, 2000). In places, downcutting has been 
so intense that steep, up to ~20 m high river banks 
have formed. In reaches of less relief, recent river de-
posits are common. 

 A typical geological sequence for the here high-
lighted more southern parts of Klarälven is demon-
strated in fig. 7f. The figure is an illustration of a local 
drillcore that was examined in conjunction with re-
gional geological surveys by SGU (2000). Three gen-
erations of sediments were distinguished: 
 the oldest, lowermost glacial deposits described as 

coarse clays with some interbeddings of pervious 
layers of silt and/or sand,  

 the subsequent postglacial deposits consisting typi-
cally of 5-10 m of fine-grained, homogenous clays, 
and, 

 the most recent river deposits, mainly silts and 
sands with varying organic content.  
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 Mass movements in the form of slides, falls and 
flows have historically been relatively common along 
Klarälven, especially so along the more vulnerable 
high relief reaches where bank erosion is, and has 
been, most prominent. Of those most affected SWS as 
found during this study, Klarälven ranks as no 5 with 
4% of the events. The most common types of move-
ments are comparatively minor earth falls over one or 
a couple of thousand square metres. However, bigger 
events involving the displacement of ten to fifteen 
thousand square metres have been documented on sev-
eral occasions. Examples are the 1934 earth slide near 
Vålberg involving the displacement of 10 000 m3, and 
the 1983 Bengtsbol earth slide through which some    
15 000 m3 was set into motion. These larger move-
ments have typically involved a certain degree of slid-
ing and/or flowing. Quick-clay and artesian groundwa-
ter has commonly been found associated. Silt is the 
overall dominating fraction involved, followed by 
clays and fine-grained sands.  

 Fig. 7g illustrates the mass movement-contaminant 
release and transport hazard for the southernmost parts 
of Klarälven. Along this approximately 20 km long 
stretch, there are nine environmentally hazardous fa-
cilities and 36 sites of potential/established soil con-
tamination that lie within (i) 350 metres distance of the 
river course (the maximum extent of earlier experi-
enced movements) and, (ii),  either stability zone 1 or 
2 (table 7ii). A full inventory of the specific risk ob-
jects can be found in appendix 1b.  
 Of the nine environmentally hazardous facilities, 
two lie within stability zone 1 and are hence located 
within areas at direct risk of slope failure. Of the 36 
sites of potential/established soil contamination, the 
corresponding number is 13. Of those 13 in turn, 
eleven have been classified according to the MIFO-
method. There is a marked overrepresentation of dry 
cleaning facilities amongst those deemed/suspected 
responsible. None of the eleven classified zone 1-risk 
objects have been classified as MIFO class 1-objects. 
Three objects have been remediated.   
The following risk objects may be highlighted: 

 - Bycosin/Bycotest AB. Listed both as an environ-
mentally hazardous facility and a site of soil contami-
nation. Organic chemical industrial activities involving 
manufacturing and handling of a range of potentially 
environmentally deteriorating substances - e.g. hydro-
carbons, chlorinated solvents, surfactants and heavy 
metals - have been ongoing on-site since the 1940s. A 
petrol station has also been located here. Soil contami-
nation has been established (trichloroethylene, metals 
and approx. 20 tons of hydrocarbons) and leaching 
indicated. The site is located within stability zone 1 
(clay), in direct connection to Klarälven. 

- Klaraviks Tricotfabrik. A former textile indus-
try/dry cleaning facility active approximately 1890-
1980, listed as a MIFO class 2-object. No detailed 
analyses have been conducted. However, based on 
historical documentation, moderate to high levels of 
oil-, PAH-, dioxine- and chloroethylene-contamination 
is suspected over an approximately 3 300 m2 area lo-
cated within stability zone 1 (silt/sand). Since the area 
is in direct contact with Klarälven, and since wastewa-
ter from earlier processes have been directly released 
into the river, additional volumes of channel bed sedi-
ments may also be polluted. 

- Johanssons Kemiska Tvätt. A MIFO class 2-
object of about 870 m2 located within stability zone 1 
(sand), partially steeply inclined towards Klarälven (20
-30 m away). A dry cleaning facility was active here 
from 1940 until the early -60s and although no detailed 
analyses have been undertaken, high levels of tri-
chloroethylene-contamination of soil and groundwater 
is suspected. 
 - Branza, Sågverksgatan. A former accumulator 
industry at which lead (battery) recycling and refining 
was undertaken during approximately ten years, start-
ing in the late 1950s. Based on what is known about 
the processes undertaken when active, and based on 
measurements of air pollution undertaken in connec-
tion to a contemporary sister company, high levels of 
Pb- and Sb-contamination of the soil within an approx. 
4 100 m2 large area is suspected. The site is located 
within stability zone 1 (clay), at a distance of 20-30 m 

Figure 7f. A layer sequence from a drill core at 
Våxnäs near Klarälven, Värmland illustrating the 
geological conditions in the here studied area. 
Translated from SGU (2000). 

 
  

Sites of potential/established soil 
contamination: MIFO-class 
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hazardous 
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  1 2 3 4 n.d.  

 
1  4 6 1 2 2 15 

2 2 4 10 6 1 7 30 
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Table 7ii. A summary of identified risk objects (Klarälven) and their 
location with respect to defined stability zones. 
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from Klarälven and has been classified as a MIFO 
class 2-object. 

- Lindgrens Läderfabrik. A former tannery, acti-
ve ~1866-1940. During the years 1906-1940, chrome 
was applied during the tanning process whereby there 
are now substantiated suspicions of high levels of 
(primarily) Cr (III, IV)-contamination of both soil and 
groundwater within (at least) an about 5 800 m2 area 
located within stability zone 1 (clay). Since wastewa-
ter from the industry was released into Klarälven 
(about 25 m away), channel bed sediments may also 
be polluted. The site is rated a MIFO class 2-object.  

 

7.1.3. Ångermanälven 

Ångermanälven originates far north in Sweden, in the 
wild mountainous regions of southern Lappland, close 
to the Norwegian border. From there, it follows a re-
gional bedrock shear zone and flows SE for about 460 
kilometres throughout as good as the entire width of 
the country, meandering through dense coniferous 
forests and an increasingly inhabited, anthropologi-
cally affected and altered environment. Ånger-
manälven debouches into the Gulf of Bothnia just 
north of the city Härnösand (18 000 inhabitants). Natu-
ral values along much of the river course are major. 
 With a total catchment area of about 31 900 km2, 
Ångermanälven ranks as the third largest river in Swe-
den (NE, 2009b). The average annual water discharge 

Figure 7g. Environmentally hazardous facilities and sites of potential/established soil contamination within areas at risk of mass movement hazard along 
Klarälven.  Base map ©Lantmäteriet (2009). Geographic information on stability zones/environmentally hazardous facilities/sites of potential/established soil 
contamination from the County Administrative Board of Värmland (2009a). 
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is about 525 m3/s, though this number varies greatly 
during any given year. Maximum discharge rates oc-
cur during spring/summer in connection to snowmelt 
and may reach heights of about 2 500 m3/s (potentially 
up to 4 000 m3/s in a natural, unregulated state) 
(Bergström, 1999). Minimum rates during winter may 
on the other hand be as low as 100 m3/s. The river has 
been increasingly regulated sine the 1930s and there 
are 39 hydroelectric power plants along the river 
course (NE, 2009b). Together, these generate approxi-
mately 17% of the national hydroelectric power pro-
duction.  

The studied section is located along a southerly 
part of the river course, along an approximately 20 km 
long stretch of the river located within the municipal-
ity of Kramfors in the county of Västernorrland. Here, 
the river proper displays into a high-relief fjord land-
scape of steep, deep valleys shaped through repeated 
glaciation and deglaciation processes. Isostatic uplift 
following the most recent of these coupled events is 
still major. The highest shoreline is regionally located 
about 285 m.a.s.l., and the current local uplift rate of 
about 8 mm/yr represents one of the highest in the 
country (Viberg et al., 1989).  

Elevated rock outcrops are relatively common here, 
however, it is the thick (40-60 m) deep sedimentary 
deposits within the valley proper that typifies the geol-
ogy of the area and makes it one of the most mass 
movement-prone regions in Sweden. A typical, sche-
matic cross-section and geological sequence of the 
river course along the studied area is demonstrated in 
fig. 7h (from Fredén, 1996). Three generations of fine-
grained deposits are distinguished between, namely: 
 the glacial deposits which are locally characterised 

by silt, silt with interbeddings of clay and varved 
clay with the overall clay-content increasing with 
distance from the highest coastline (i.e. with in-
creasing depth of deposition),  

 the postglacial deposits; typically redeposited silts 
and clays, and, 

 the (recent) river deposits; mainly sands and silts 
(Fredén, 1996).  

It is the post-glacial deposits, also known as Ådals-
lerorna, that have been shown to pose the greatest 
mass movement hazard (Viberg et al., 1989). The 
shear strength of those deposits varies remarkably with 
quick-clay occurring in places. Natural leaching proc-
esses and likewise natural pressure-gradient changes 
combined with especially high sulphidic-/organic con-

tent are believed to be primarily responsible through 
gradually decreasing the mechanical shear strength of 
the sediments with time. 

Considering types of mass movement activity, earth 
falls and especially earth slides are those most com-
mon here. Shoreline erosion is intense along much of 
the studied reach and in places, smaller movements 
occur relatively frequently. Larger events have so far 
been relatively uncommon but they do occur. As an 
example, in 1959, a 600 m long stretch of land along 
the bay Kyrkviken was subject of a retrogressive earth 
slide whereby slide-masses were transported at least 
700 metres along the bottom of the river into the deep-
est parts of the valley (Jerbo & Sandegren, 1963). 
Quick-clay was found at the site of movement during 
subsequent investigations.  

The mass movement-contaminant release and 
transport hazard is illustrated in fig. 7i. Along this ~20 
km long reach, there are seven environmentally haz-
ardous facilities and 28 sites of potential/established 
soil contamination that lie within (i) 100 metres dis-
tance of the river course (the maximum extent of ear-
lier experienced mass movements) and, (ii), stability 
zone 1 or 2 (table 7iii). The hazard analysis has con-
strainedly been restricted to stability-mapped areas. A 
full inventory of identified risk objects can be found in 
appendix 1c.  
 Of the seven identified environmentally hazardous 
facilities, two lie within stability zone 1 and are hence 
located in areas at direct risk of failure. The corre-
sponding number for the indentified sites of potential 
soil contamination is 13. Only three of those have been 
classified according to the MIFO-method. There is a 
marked overrepresentation of sawmills and landfills 
amongst those facilities deemed responsible for the 
potential pollution.  

Figure 7h. A schematic cross section of the southernmore parts of Ångermanälven representative of the area sub-
ject of risk analysis in this study. Translated from Fredén (1996). 

 
  

Sites of potential/established soil 
contamination: MIFO-class 

Environmentally 
hazardous 
facilities  

 

  1 2 3 4 n.d.  

 
1 1   2 10 2 15 

2  1  2 12 5 20 

  1 1  4 22 7 35 

Table 7iii. A summary of identified risk objects (Ångermanälven) and their 
location with respect to defined stability zones. Please note that Kramforsvi-
ken has been placed in the ”zone 1-box”  even though parts of this object are 
located within zone 2 (see text). 
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The following risk objects/areas may be highlighted: 
- Mondi Dynäs AB // Väja Sulfatfabrik / Pap-

persbruk. Listed both as an environmentally hazard-
ous facility and as a site of potential soil contamina-
tion. Between 1965 and the early 1970s, wood impreg-
nation was carried out on-site whereby phenol-
contamination of surrounding sediments is plausible 
(however not determined). Today, Mondi Dynäs AB 
produces ~200 000 tons of paper on-site yearly. Vari-
ous potentially environmentally deteriorating sub-
stances (e.g. As, Hg, NH3, NOx, S, Zn, TOC, 
NMVOCs) are applied and released throughout the 
production process (SEPA, 2009c). The site is located 
within stability zone 1 (clay>1:10), in direct connec-
tion to Ångermanälven. 

- Bollstasågen. Listed as a site of potential soil 
contamination and located within stability zone 1 
(clay>1:10). Sawmilling has been ongoing here since 
1860. Between 1949 and 1968, impregnation was car-
r ied out  onsite.  High levels  of  Cu- and Cr-
contamination and very high levels of As- and creo-
sote-contamination has been established in surround-

ing soils and sediments. The site neighbours Ånger-
manälven and there are suspicions of contamination of 
adjacent river bed sediments as well. Damage on 
plants and fish has been confirmed.   

- Kramforsviken. Although listed as one single 
site of potential soil contamination (MIFO class 1), 
this is actually an approximately 350 000 m2 area (a 
bay) within which multiple potentially environmen-
tally deteriorating activities have been ongoing for 
more than 120 yrs in more or less direct connection to 
Ångermanälven. Some parts of the listed area is lo-
cated within stability zone 1 (clay>1:10), and some 
within zone 2 (silt/sand on clay<1:10 // silt/sand>1:n). 
Based on what is known about historical activities, and 
based on sediment samplings that were undertaken in 
places during the 1970s, suspected levels of contami-
nation in surrounding structures and groundwater has 
been estimated as high and corresponding levels of 
contamination in the surrounding sediments as very 
high. Suspected contaminants include phenols, Hg, As, 
Pb, Cd, cyanide, dioxin, PCB, chloroethylene, Cu, Cr, 
Ni and various petroleum products. 

Figure 7i. Environmentally hazardous facilities and sites of potential/established soil contamination within areas at risk of mass movement hazard along Ånger-
manälven in Kramfors Municipality. Base map ©Lantmäteriet (2009). Geographic information on stability zones  from MSB (2007). Geographic Information on 
environmentally hazardous facilities/sites of potential/established soil contamination from the County Administrative Board of Västernorrland (2009a, b). 
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- The Nyland Area. Within this region there are 
eight sites of potential soil contamination. None of 
these risk objects have been classified according to the 
MIFO-method. A shoe factory, three printing works, 
two petrol stations, a tier and one car care facility – 
none of which active – represent the activities suppos-
edly responsible for the potential contamination at 
these sites respectively.  

-  Lunde 102 // Kaninholmen 211 // Strömnäsvi-
ken // Kyrkvikstippen // Sandslån 301. These objects 
are all closed municipal household/industrial landfills 
– active during the  mid-1900s – that have now been 
identified as sites of soil contamination. None of the 
objects have been classified as high risk objects, 
probably due to their relatively minor extent. How-
ever, they serve to demonstrate the historical lack of 
recognition given the potential mass movement-
contaminant release and transport hazard. All of the 
landfills are located in direct/close connection to 
Ångermanälven and in some of the cases (Lunde, 
Kyrkvikstippen) in areas that are steeply inclined to-
wards the river. Parts of the Kaninholmen, Strömnäs-
viken and Kyrkvikstippen landfills have actually al-
ready fallen into the river. 

 
In summary, within the studied areas, 102 risk objects 
in terms of potential mass movement-contaminant 
release and -transport have been identified (table 7iv). 
85 of these are sites of potential/established soil con-
tamination, 17 are environmentally hazardous facili-
ties. 44 lie within stability zone 1 and are thus at direct 
risk of slope failure. 58 lie within stability zone 2 and 
may hence be affected by the potential landward ex-
tension of a mass movement triggered within adjacent 
zone 1. 
 Of the 85 sites of potential/established soil contami-
nation, 43 have been assessed with regards to environ-
mental risk in accordance with the MIFO-method. 
Only three have been classified as class 1-objects of 
which two lie within stability zone 2. Five have been 
fully remediated.  
 It should be stressed that the studied areas jointly 
merely make up for a very small proportion of the total 
length of Swedish SWS shorelines susceptible to mass 
movement hazard. The number of national risk objects 
is hence bound to be in the range of several thousands. 
It is furthermore worth noticing that there - as ex-
pected - appears to be a certain geographical zonation 
of present-day/historical industrial activities and thus 
established/potential types of contaminants (e.g. saw-
mills for Ångermanälven, dry cleaning facilities for 
Klarälven). Likewise, there are certain risk objects that 
are present within all of the studied areas; e.g. waste-
water treatment plants, municipal and industrial land-
fills and petrol stations.  
 Last but not least, it is interesting to note that of the 
44 (18 MIFO-classified) objects located within stabil-
ity zone 1, only one has been classified as a class 1-
object. 

 

7.2. Historical experiences 
A full review of those mass movements that during 
this study have been found to have affected one or 
many SWS and for which those effects have been fur-
ther documented can be found in the table in appendix 
2. Below follows more elaborate case studies for six of 
those events. In addition to amount and type of docu-
mentation, these six sites have been chosen based on 
their respective dissimilarities in geography, geology, 
type of movement and – most importantly – type of 
effects noted. A summary of those respective charac-
teristics can be found in table 7v in the end of this sub-
chapter. Geographical locations are shown in fig. 7j. 
 Jointly, the six case studies should form a good 
basis for further discussion on actual risks, key process 
and properties. 

 
  

Sites of potential/established soil 
contamination: MIFO-class 

Environmentally 
hazardous 
facilities  

 

  1 2 3 4 n.d.  

 
1 1 5 8 4 21 5 44 

2 2 5 10 8 21 12 58 

  3 10 18 12 42 17 102 

st
ab

ili
ty

 z
on

e 

Table 7iv. A summary of identified risk objects (total: Viskan, Klarälven, 
Ångermanälven) and their location with respect to defined stability zones. 

Figure 7j. Approximate 
locations of the six mass 
movements  reviewed  in the 
t e x t  ( b a s e  m a p 
©Lantmäteriet, 2009). 
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7.2.1. Tångböle, Jämtland 

During the spring of 1995, following extreme amounts 
of runoff due to an extraordinary and prolonged spring 
flood, two major earth slides occurred along an ap-
proximately 300 m long stretch of the river Indals-
älven just upstream Lake Gevsjön (Ekberg et al., 1995; 
fig. 7k). The site of failure was located within steep, 
forested, 30-40 m high river banks made up of silt and 
clay. The total volume of displaced material was esti-
mated at about 200 000 m3.  

In a report dated in early September the year of the 
slide, it was concluded that the movement had caused 
extensive turbidity with a plume of suspended material 
being noted as far south as Storsjön, reducing the visi-
bility to a couple of decimetres more than one-hundred 
kilometres downstream the site of failure (Ekberg et 
al., 1995). Increases in clay content in the water of 
private wells as well as in municipal reservoirs were 
noted all along the way. In places, signs of pollution 
could also be noted, causing restrictiveness of local 

supply and usage of freshwater.  
 Following worries over degrading fisheries in 
Lake Åresjön, a study by Nilsson (2005) of the lake 
bottoms of Ånnsjön, Gevsjön, Noren and Åresjön con-
ducted ten years after the Tångböle earth slide(-s) fur-
ther served to illustrate the full effects of the event. 
Calculations of rates of sedimentation over the past 80 
years then showed substantial increases within all 
downstream lakes following the occurrence of the 
slide (Nilsson, 2005; fig. 7l). Maximum increase was - 
as expected - noted in nearby Lake Gevsjön. There, the 
rate of sedimentation in the deepest parts of the lake 
was estimated to have gone from the average 0.015 to 
0.095 g/cm2/yr in the year directly following the slide, 
a rather instantaneous, more than six-fold increase. In 
Lake Noren and Lake Åresjön, some 10 respectively 
45 kilometres further downstream, similar effects al-
though with a lesser magnitude were also noted up to 
five years after the event.  
 

Figure 7l. Sedimentation rates 1925-2005 in lakes Ånnsjön, Gevsjön and Noren located downstream 
the site of the Tångböle earth slide(-s). Major increases are noted subsequent to the movements. 
From Nilsson (2005).  

F i g u r e  7 k .  L o c a t i o n 
(©Lantmäteriet, 2009) and visual 
(Fredriksson, 1995) of the Tång-
böle earth slide (-s), Jämtland 
County 1995. 
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7.2.2. Öd 1, Västernorrland 

The Öd 1 earth slide/fall occurred on the 16th of Febru-
ary 2002, along the Ångermanälven river valley a few 
kilometres downstream the city of Sollefteå (fig. 7m). 
The translational movement displaced an approxi-
mately 95 m long and 10-15 m wide section of a re-
gionally characteristic 40-45 m high, ~30° steep river 
bank made up mainly of fine sand and silt, a so called 
nipa (Svensson et al. 2006; Fredén, 2002). Some esti-
mated 30-40 000 m3 of sediments were hence trans-
ported into the river along an as good as planar slip 
surface.  
 The affected reach had once been used for log 
dumping. However, at the time of movement, the area 
served as a seed orchard (Fredén, 2002). Contaminants 
in the form of fertilizers, pesticides, phenols etc. might 
accordingly have been present in the affected masses 
yet this was never/has never been confirmed, i.e. ana-
lysed further. A single specific cause/trigger for the 
slide was never concluded upon, however, seasonal 

thawing and heavy loading of snow were both plausi-
ble factors considered (Gullersbo, personal communi-
cation, 2009). 

The river was covered in ice at the time of the 
movement, yet, immediate damage was considerable. 
As the sliding masses moved onto the frozen water 
surface, the ice was crushed whereby metre-sized 
blocks were set loose and thrown into the air, up onto 
the opposite river bank some 300 metres away, crush-
ing both boats and houses there (Gullersbo, personal 
communication, 2009). Meanwhile, a fan of displaced 
material formed beneath the site of failure, its spatial 
extent probably somewhat restricted by the presence of 
the ice (Svensson et al., 2006). Seven years later, this 
fan is still in place, virtually unaffected as it has suf-
fered very limited erosion, and is now rather serving as 
more of a permanent peninsula. It is covered in vegeta-
tion and it has permanently altered local flow- and 
erosion patterns (Svensson et al., 2006).  

Figure 7m. Below: location of the Öd 1 
slide/fall, Västernorrland County 2002 
(©Lantmäteriet, 2009). Right: visual 
(Svensson et al., 2006) of the displaced 
material 3.5yrs after the event. Erosion 
has been very limited. 
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7.2.3. Trossnäs, Värmland 

On the 12th of April 1969, an approximately 350 m 
long and 150 m wide, half-circular, forested area slid 
into the regulated Norsälven river some 8 kilometres 
upstream its debouchment into Lake Vänern (County 
Administrative Board of Värmland [VL], 1969; fig. 
7n). Subsequent investigations classified the move-
ment as a rotational, retrogressive earth slide occurring 
within thick (15-30 m) deposits of varved, sensitive 
clays (partially quick clays) overlain by a few metres 
of sand and silt (SGI, 2009; Lindskog & Wager, 
1970). The total volume of involved masses was esti-
mated at some 100 000 m3, none of which was ever 
suspected/noted as polluted. Stability computations of 
the failed bank indicated a former safety factor of just 
about 1 and so although a single triggering mechanism 
could never be determined, a combination of long-
term traffic-induced erosion, dredging, the sensitivity 
of the clay, seasonal thawing, and a fortuitous sudden 
reduction in water-level was jointly considered to have 
caused the movement (Lindskog & Wager, 1970; VL, 
1969). Also, local trenching along the otherwise shal-
low (3-5 metres) and relatively flat stretch of the river 
was later indicated through sounding of the affected 
area, thereby potentially serving to explain the exact 
point of failure. 

 During the main movement, which was preceded 
by almost a full day by local subsidence of the ground 
surface, the failed parts of the river bank were lowered 
about 4 metres vertically meanwhile the sliding masses 
were pushed some 200 metres up- and downstream the 
river (Lindskog & Wager, 1970). The water depth was 
consequently reduced by 4-5 metres over a stretch of 
about 750 metres causing almost complete damming 
of the river. Since the river was regulated, authorities 
as soon as possible ordered full stop of discharge in 
order to prevent further downstream damage through 

release and transport of failed masses and, in order to 
enable clearing (VL, 1969). During the following six 
days, discharge was as low as 7 m3/s downstream Eds-
valla waterworks some ~3.5 kilometres upstream the 
site of the slide. However, at the 18th of April, the wa-
ter level upstream the artificial damming had increased 
to such an extent so that tapping had to be com-
menced. Over the next 72 hours, water discharge was 
progressively increased to ultimately 150 m3/s 
whereby a new furrow gradually formed within the 
failed masses. Approximately 25 000 m3  was hence 
quickly eroded and transported downstream (Lindskog 
and Wager, 1970). Flow-rates continued to increase 
until mid-May reaching as much as 240 m3/s. Normal 
discharge of approximately 60 m3/s was not reached 
until the end of May. 

Figure 7n. Right: location of the Trossnäs earth slide, Värmland County 1969 
(©Lantmäteriet, 2009). Above: visual (above; Lindskog and Wager, 1970) demonstrating 
the extent and immediate effects of the movement. The river has been almost completely 
dammed by the displaced masses. 
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ited within 20 metres of the original shoreline, much 
of the affected clays (hence potential particle-bound 
contaminants) had probably been transported further 
into the bay (Persson, 2008). A few days later, a sec-
ond sounding indicated an increase in water-depth 
along the newly formed shoreline. Two plausible 
causes were acknowledged: continued soil subsidence 
of displaced masses and/or continued erosion and 
transport of the same. 

 Due to the adverse stability conditions of the quay-
area, instant removal of the slide-masses was deemed 
unsuitable as it potentially would cause further under-
mining and movement. Instead a silt curtain was in-
stalled directly outside and around the main part of the 
displaced material in order to prevent further spread of 
contaminants through erosion and leaching (Karlsson, 
personal communication, 2009). Ensuing sampling of 
sediments and water in and around the affected area 
demonstrated that even though overall level of pollu-
tion was to be classified as moderate to low according 
to SEPA-standards, concentrations of solute metals 
(mainly Cd and Zn which are both relatively soluble 
metals) within the water inside the silt curtain were 
generally substantially higher than those outside 
(Lundgren et al., 2008). Further follow-up studies have 
been undertaken, however, results have not been made 
official (Karlsson, personal communication, 2009). 

 
 

Concerning hydrological and envi-
ronmental effects, initial studies indi-
cated that the main pulse of suspended 
material arising from the sliding masses 
following the commencement of tapping 
moved downstream along Norsälven 
with an estimated velocity of about 360 
m/day (Ehlin & Zachrisson, 1969). 
Upon reaching Lake Vänern, concurrent 
circulation patterns were then estimated 
to have increased this velocity to about 
600 m/day. This would explain those 
extensive effects in terms of alterations 
in color, temperature and reduction of 
visibility and light transmission that was 
noted during later field investigations 
within the northernmore parts of Lake 
Vänern. Already in May, such effects 
were noted as far south as 3 kilometres 
south of the debouchment of Norsälven 
(Ehlin & Zachrisson, 1969; fig. 7o). A 
last tour of inspection along the affected 
parts of the river was made four months 
after the slide (i.e. 14/8 1969) at which 
point in time the narrowing of the fur-
row was still considerable, alterations in 
flow- and erosion-patterns were still 
noted and clay particles from the failed 
masses were still in suspension several 
kilometres downstream (Sjöberg, 1969).  

 
7.2.4. Yara, Östergötland 

The Yara earth slide (fig. 7p) is named after the owner 
of the displaced land surface, namely Yara AB - a pro-
ducer and supplier of chemical fertilizers. Sometime 
during the weekend of the 27-28th of October 2007, an 
earth slide occurred just north of one of their industrial 
harbor loading terminals, transporting some 1 200 m2 
of landfills and partially contaminated clays into 
Ståthögaviken near the city of Norrköping, Östergöt-
land (Persson, 2007). As a result, (i) a new bay formed 
at the site of failure, exposing contaminated masses to 
the neighboring SWS and, (ii), some  300-500 kg As, 
600-1000 kg Pb and Zn and 200-400 kg Cu was trans-
ported into the bay (Karlsson, personal communica-
tion, 2009; Persson, 2007). Subsequent studies of pre-
viously conducted geotechnical investigations of the 
area indicated that the site of failure had suffered from 
unfavourable stability conditions with approximately 1
-1.5 m of demolition material from old (sulphuric acid) 
factories having been placed on top of ~15 m of sensi-
tive clay-deposits in turn overlying some 15 m deep 
deposits of friction-material (Persson, 2007). Large 
rainfalls during preceding months, a local drainage 
dike and increasing traffic(ship)-induced erosion was 
jointly considered to have triggered the event. 

Immediately upon detection of the movement, 
sounding along the affected stretch of the bay was un-
dertaken. It was then concluded that although the main 
part of the displaced landfill-masses had been depos-

Figure 7o. Reduction in visibility in the northern parts of Lake Vänern as a result of the Trossnäs 
earth slide. From Ehlin & Zachrisson (1969). 
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direction (Odenstad, 1958). Ultimately the ground 
within the subaerially affected reaches had subsided 
with as much as 8 metres with the slide-masses having 
been transported up to 70 metres into the previously 
120 m wide river, causing extensive, although not 
complete, damming (Wide, 1972; fig. 7r). Large por-
tions of the yard and the buildings of the factory were 
hence completely destroyed. Material damage was 
extensive, three men died, several more were injured 
and large amounts of plausibly contaminated scree lay 
uncovered and exposed to both wind and water (fig. 
7s). This necessitated rapid stabilisation measures in 
order to prevent further damage. Also, extensive 
dredging had to be undertaken and eventually more 
than 1 000 000 m3 of material was removed (Wide, 
1972; Odenstad, 1958).  

 During the slide, a major surge causing extensive 
damage along both shorelines was noted by several 
witnesses along the upstream parts of the river 
(Melander, 1997; Odenstad, 1958). Forming in re-
sponse to the initial movement, it was seen to progress 
together and seemingly alongside with the slide. It was 
later discussed whether the slide and the wave were 
acting so as to mutually enforce one and another. The 
slide through gradually compressing the river section 
thereby adding energy to the wave movement, and the 
wave through lowering the water table thus river-bank 
support and strength upon passage of the wave trough. 
By the northernmost parts of the slide area, the wave 
height was estimated at 5-8 metres. 2.5 kilometres 
further upstream, it was approximated at ~3.5 metres 
height (Odenstad, 1958). No wave was detected down-
stream.  

7.2.5. Götaskredet, Västra Götaland 

The 1957 Göta earth slide, involving the displacement 
of an area of about 370 000 m2, is one of the largest 
and most destructive mass movements on record in 
Sweden (SGI, 2009). Preceded by the gradual develop-
ment and widening of a bow-shaped crack that same 
morning, the main movement took place during mid-
day on the 7th of June, within a pulp-mill industrial site 
located approximately 50 kilometres upstream the 
river’s debouchment into the sea by the city Göteborg 
(fig. 7q). Ensuing geotechnical studies classified the 
slide as retrogressive and rotational, occurring within 
thick, 20-50 m deep deposits of clay and along a thin 
but distinct interbedding of silt and sand (Odenstad, 
1958). Intensified riverbank erosion due to increases in 
traffic along the river, artesian groundwater and 
patches of quick-clay detected within the more land-
ward parts of the slide area was subsequently consid-
ered jointly causative for the occurrence and the ulti-
mate extent of the event. Also, there were discussions 
on whether process waste in the form of sulphur lye – 
which was detected through local groundwater-
analyses – could potentially have caused a reduction in 
the shear strength of the clay through chemical altera-
tions of the same (Odenstad, 1958).  

Before the slide, the affected reach was character-
ised by its relatively steep river banks, in places reach-
ing heights of 7-8 metres, making a sharp contrast to 
the otherwise flat surroundings. During the slide, this 
situation changed abruptly. An approximately 1.5 km 
long and 250 m wide stretch of the bank was then in-
creasingly displaced as the movement gradually pro-
gressed in an upstream, i.e. northward- and inland-

Figure 7p. Location (©Lantmäteriet, 
2009) and visual (Persson, 2007) of the 
Yara earth slide., Östergötland County 
2007. 
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7.2.6. Agnesberg, Västra Götaland 

The Agnesberg landslide occurred on the 14th of April 
1993. It occurred within an industrial site located 
along and upon the eastern bank of the Göta Älv river, 
some 10 kilometres upstream central Göteborg and 
about 2.5 kilometres upstream the regional fresh-water 
intake Alelyckan (fig. 7q). The land area affected ulti-
mately reached some 9 600 m2, with an approximately 
80 m long and 50 m wide stretch of the river bank hav-
ing slided into the river through a retrogressive, rota-
tional movement (SGI, 2009). A 100 m long and 80 m 
wide stretch of the river was hence dammed as it was 
covered in ~2 metres of sensitive clay (Larsson et al., 
1994). 

The site of failure was located within and along a 
stretch of the river characterised by thick (35 m deep) 
deposits of sensitive clay resting upon likewise thick 
deposits of sand with interbedded silt and clay layers 
(Larsson et al., 1994). Quick-clay was known to be 
present and geotechnical studies later detected sub-
stantial artesian groundwater pressures within the sand 
layers. Towards the north the slide area was limited by 
a distinct change in the soil stratum in the form of 4 m 

Figure 7r. Spatial distribution, noted features and effects of Götaskredet, Västra 
Götaland County 1957. Adopted from Odenstad (1958). 

Figure 7s. Photograph showing the major damage caused by Götaskredet. 
The remains of the factory can be seen in the middle of the picture. From 
Odenstad (1958). 

Figure 7q. Location of the Göta earth slide (topmost 
circle) and the Agnesberg earth slide (lowermost). 
Basemap from ©Lantmäteriet (2009). 
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and last pulse was dated at about 12.30 pm - 6 hours 
after the initial event - whereby the level of turbidity 
increased from 7 to 9 FTU (Larsson et al., 1994).  

Of the three events, only the two latter were actu-
ally witnessed live. Based on ensuing studies, it was 
concluded that the movement ought to have started as 
a subaqueous slide along the subaquatic slope, in turn 
triggering and successively causing the main and the 
third and last movement some three and six hours 
later, respectively (Larsson et al., 1994). Passing ships 
were also believed to have influenced the course of the 
events, potentially imposing transitory stresses along 
the already sensitive reach. 

Dredging was later undertaken in order to restore 
the channel morphology. However, due to major con-
cerns of further movement/-s, stabilisation measures 
were first completed both on land and along the chan-
nel bed (Larsson et al., 1994).  

 

thick deposits of sand and silt deposited in and around 
a passing creek. Topographically, the area can best be 
described as somewhat superficially flat with a steep 
subaqueous slope, just at the angle of repose, located 
some 24 metres into the channel bed, making a sharp 
contrast to the otherwise plane surroundings (Larsson 
et al., 1994) (fig. 7t). 

Since no real-time observations were made, the 
course of the slide was subsequently analysed based 
largely on recordings of turbidity made continuously at 
the Alelyckan intake. These also served to demonstrate 
the carrying capacity of a slide of this magnitude. At 
the day of the slide, three major sediment pulses were 
registered, hence indicating three successive move-
ments (fig. 7u). The first pulse was timed at approxi-
mately 6 am whereby the level of turbidity increased 
from 4 to 10 FTU. The second pulse occurred roughly 
three hours later, demonstrating an even greater in-
crease in turbidity going from 4 to 12 FTU. The third 

Figure 7t. Estimated pre-slide- and sounded post-slide-transect of the affected reach of the river. Adopted from Larsson et al. (1994). 

Figure 7u. Measurements of water level and turbidity at Alelyckan 2.5km downstream the 
site of failure at the day of the slide. Adopted from Larsson et al. (1994). 
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8.   Discussion 
 

8.1.  Concept validation 
Reviewed mass movement events have served to vali-
date the hazard conceptualisation originally put for-
ward by Göransson et al. (2009). Little documentation 
exists of actual associated contaminant release and 
transport. However, hypothesised mobilisation mecha-
nisms appear to develop according to the theorised 
system description. The disturbance and exposure of 
soils, sediments and groundwater within the initiate 
zone to the air and the water of the SWS is observed in 
connection to most events. The same is true for the 
stirring of soils and sediments within the run-out zone, 
and, the initial surging. The far-field transport of mate-
rials set into suspension into the 2nd run-out zone is not 
as commonly documented, however, it has been noted 
and the lack of documentation is more likely to result 
from a lack of recognition given long-term effects 
rather than a true lack of occurrence of transport. The 
following findings are worth underlining: 
 Damming is almost always associated with slope 

failure in connection to a water body. If the entire 
SWS is blocked, then considerable upstream areas 
may be inundated and subject of contaminant mo-
bilisation. Upon dam-break and the formation of a 
dam-break wave, mobilised materials will be 
likely to travel for long distances over relatively 
short amounts of time. This adds substantial areas 
to bear in mind upon risk assessment. 

 If the damming is partial, effects on channel bed 
morphology and sedimentary composition can still 
be of such a spatial and temporal extent so that 
significant alterations of circulation patterns, flow 
rates, carrying capacities and erosive traits of the 
SWS might persist for years (or more or less per-
manently). The narrowing of the channel will fa-
vour an increase in transport and erosion accord-

ing to fundamental physical laws. The possibility 
of an increased flow rate and subsequent effects in 
terms of enhanced transport and erosion is hence 
also an important aspect to bear in mind. 

 The effects of impulse-generated waves are not 
only constrained to downstream reaches. Surges 
may travel for several kilometres also against rul-
ing circulation patterns, potentially mobilising 
sediments and contaminants along upstream 
reaches, and, potentially also inducing further fail-
ure as hypothesised in the Göta example. It is also 
important to recognise the fact that surges may 
grow as they move throughout the system, and, 
that their reflections may be likewise damaging. 

 Materials set into suspension upon the main move-
ment may stay in suspension for months and affect 
surface water as well as groundwater quality sev-
eral tens to hundred of kilometres downstream. 
Furthermore, displaced masses, which may reach 
volumes of millions of cubic metres, may be sub-
ject of enhanced erosion over years to come, infer-
ring increased amounts of suspended material and 
associated environmental effects within the af-
fected SWS for just as long.  

 
Concerning factors likely to be decisive for the extent 
and character of the hazard as hypothesised in chapter 
4, some conclusions can be drawn based on made ob-
servations. One is the importance of the morphology of 
surrounding reaches. This is a factor that has proved 
imperative both in terms of initial hazard potential 
(scope and state of main movement), and in terms of 
further far-field transport, deposition and material mo-
bilisation for most of the reviewed events. The same is 
true for the sedimentary composition of surrounding 
reaches which together with ruling hydrodynamic 
properties are clearly the two most important factors 
in terms of spatial and temporal extent of mobilisation 

Name  
(yr) 

Type Material Size Geography/Geology Key observations 

Tångböle  
(1995) 

earth slide/fall  clay, silt  ~200 000m3  
30-40m high, steep, clayey-silty, 
forested river bank in sparsely 

populated region 

- widespread and long-term increases in levels of turbidity and rates of downstream sedimentation 
- local hydrogeological disturbances including signs of pollution  

Öd 1  
(2002) 

translational 
earth slide/fall  silt/fine sand  ~31 000m3  

40-45m high, steep, silty, culti-
vated river bank in sparsely 

populated region  

- influence(-s) of ice on river upon time of movement 
- major forces involved at time of movement 
- long-term (permanent) damming and associated alterations of flow- and erosion patterns  

Trossnäs  
(1969) 

rotational 
earth slide  

clay  
(sand, silt)  ~100 000m3  

clayey, forested, relatively flat 
stretch of river in a relatively 

developed and densely populated 
region  

- extensive up- and downstream damming 
- rates of erosion and sediment transport 
- downstream alterations in color, temperature, visibilty 

Yara 
(2007) earth slide  fills, clay  ~1 200m2  

industrial site within clayey harbor
-area in densely populated region  

- damming 
- permanent shore-line displacement 
- short- and long-term release of contaminants from displaced masses  
- importance of type of contaminant 

Götaskredet  
(1957) 

rotational 
earth slide  

clay  ~370 000m2  
industrial site along relatively 

steep, clayey river bank within 
densely populated area  

- evolution of movement 
- extensive onshore soil subsidence and offshore damming 
- up- and downstream surging 

Agnesberg  
(1993) 

rotational 
earth slide  clay  ~9 600m2  

industrial site along seemingly 
flat, clayey river bank within 

densely populated area 

- importance of subaquatic topography 
- evolution of movement 
- sediment transport capacity and processes  

Table 7v. A summary of the key characteristics of-, and the key observations made in connection to, the six mass movement events reviewed in the text. Note 
the varied units in the size-column. 
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Two major lessons are to be learnt from conducted 
hazard investigations.  
 The nature and scope of the hazard and associated 

risks varies with geographical location in accor-
dance with inherited geologic, climatic and bio-
logic conditions, and, with site-specific extent and 
character of human influence. The latter refers 
both to potential anthropological influence in 
terms of mass movement probability, and, in terms 
of type and extent of pollutant activities. 

 Seasonal changes will alter the hazard potential 
both in terms of modifications of hydrodynamic 
properties of the SWS, and in terms of modifica-
tions of chemical, biological and physical (incl. 
hydrogeological) properties of surrounding media. 
The scope and nature of the hazard and associated 
risks thus also varies with time.  

Conclusively, it is hard to make any further generalisa-
tions on the scope of the mass movement-contaminant 
release and transport hazard other than that it is in 
deed of national extent, and, that its nature varies 
somewhat predictably in accordance with time and 
location according to the above. Each potential risk 
area needs to be assessed individually in order to thor-
oughly and accurately evaluate hazard character and 
potential, what mitigation measures might be needed 
and how these can best be optimised. Here, the impor-
tance of measures of vulnerability and site-specific 
environmental and societal values ought to be stressed 
since these will also influence the need for, or rather 
the perception of need for, risk management.    

Furthermore, in this context, potential effects of 
climate change must be stressed. If predictions of in-
creases in temperatures, precipitation, run-off and 
mass movement occurrence come true, then the extent 
of the studied hazard will increase, and, its character is 
likely to be modified according to imposed environ-
mental changes. This infers another aspect to bear in 
mind upon evaluating the need for risk assessment and 
also upon developing appropriate assessment tech-
niques. 

 
8.3. Hazard recognition, risk perception and 

responsibility matters 
The assessment of the national extent and character of 
the mass movement contaminant-release and transport 
hazard can be considered the main aim of this study. 
As this assessment has been undertaken, another just 
as or even more important aspect of the problem has 
been highlighted, namely that of the lack of recogni-
tion given the hazard, and the inherited lack of percep-
tion of associated risks. The restricted amount of docu-
mentation regarding environmental and long-term/far-
field effects of historical events is one factor indicative 
of this. The fact that slope failure generally does not 
appear to be considered as part of potential spreading 
conditions upon environmental risk assessment of sites 
of established/suspected soil contamination is another, 
and the fact that environmentally hazardous facilities 
are built and granted a permit of operation within areas 

and spread of materials; both in a short- and a long-
term perspective. For Swedish concerns specifically, it 
is worth emphasising that silts and clays - being the 
two most common materials involved in mass move-
ments here - are the two lightest thus most easily trans-
portable sedimentary fractions. They also represent 
those types of materials that particle-bound contami-
nants most commonly tend to be associated with 
(Larson et al., 2007). Thus, the Swedish mass move-
ment hazard is of such a character that it tends to fa-
vour far-field particle-bound contaminant transport. 

The potential influence of type of movement of the 
hazard potential also ought to be recognised in this 
context. It is likely to believe that a flow would infer a 
greater mobilisation potential because of its inherited 
viscous properties. It might also be hypothesised that 
rotational earth slides, because of their relatively lower 
grade of internal deformation, would be less easily 
mobilised than e.g. translational slides/falls. However, 
reviewed documentation does not provide sufficient 
support for these theories. More relevant observations 
of different types of movements would be needed.  

The influence of the chemical, biological and 
physical properties of surrounding reaches and media 
on the hazard extent and character has not been able to 
analyse in much detail in this study since virtually no 
documentation of such influences exist for relevant 
events. They are, however, bound to exist and the pre-
disposed enrichment of cadmium and zinc within the 
water body in connection to the Yara earth slide at 
least serve to demonstrate the importance of the type of 
contaminant/-s involved. 

 
8.2. Hazard extent 
As mentioned earlier, the studied reaches along Vis-
kan, Klarälven and Ångermanälven only make up for a 
very small proportion of the total length of Swedish 
shorelines susceptible of mass failure. Furthermore, 
only areas at direct risk from slope failure were con-
sidered in the study. No concern was given opposite 
river banks, up- or downstream areas potentially af-
fected by the movement.  
 The studied reaches are not extraordinary in terms 
of historical/contemporary industrial activities and 
sites of established/potential soil contamination, at 
least not for exploited regions throughout the country. 
They were chosen based on amount of relevant infor-
mation readily available, and, because of the variation 
in geographic locations and geological settings, not 
with any preconceptions on the amount of risk objects 
that potentially would be found. It is interesting to 
note, therefore, the extent to which they are all subject 
of the assessed hazard. Hence, if these areas are to be 
considered representative for national conditions, then 
most of the major river systems as well as considerable 
parts of lake shorelines and coastal areas throughout 
the country are to be considered at risk of contaminant 
transport in connection to mass failure. Especially 
when considering the commonly prolonged temporal 
and spatial effects of a movement as discussed above. 
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susceptible of slope failure is yet another. Through 
systematic questioning of concerned authorities, it 
becomes evident that the lack of recognition is not 
what might first seem as a matter of neglect but in 
deed one of failure to recognise the hazard at all. In 
effect, upon confrontation, few seem to have given the 
matter any consideration whatsoever. Most instead 
appear to have some sort of revelation wherein their 
perception of risks associated with slope failure haz-
ards goes from being restricted to those associated 
with damages to the built environment, to those poten-
tially affecting the natural environment. Hazard and 
risk awareness raising might accordingly represent the 
most important and most effective task to undertake in 
terms of future mitigation measures.  

Another critical concern is to do with a confusion 
of where and with whom associated responsibilities 
lie. Governmental authorities and sources of funding 
and expertise are separate in terms of the geotechnical 
aspect of the mass movement hazard on the one hand, 
and pollution-related hazards on the other. The prob-
lem recurs throughout all levels of society and is ex-
emplified by the amount of people/divisions that have 
needed to be questioned at any given local authority in 
order to recollect relevant experiences and risks: one 
from the emergency management/civil protection unit, 
one from the community development unit and at least 
one from the environmental unit. Within the environ-
mental unit in turn, there is furthermore typically a 
division made between concerns relating to (i) the as-
sessment/remediation of contaminated soil, (ii), the 
licensing/monitoring of environmentally hazardous 
facilities, and (iii), general environmental monitoring. 
The complexity is obvious and so for the future, clari-
fication of responsibilities, as well as incorporation of 
the mass movement–contaminant release and transport 
hazard into relevant laws and mitigation measures, 
will be needed.  

 
8.4. Limitations of study and  
 recommendations for future studies 
This study has focused only on Swedish conditions, 
experiences and risks. The hazard is, however, bound 
to be largely global. It would be interesting to see 
therefore, what lessons could be learnt from abroad. 
Even though lack of attention, documentation and re-
search based on initial screenings appear as global, 
inventories of the kind presented here would undoubt-
edly prove valuable. They would also, hopefully, serve 
to raise awareness of a hazard that might prove even 
more troublesome in the future, depending on effects 
of climate change.  
 The application of Geographic Information Sys-
tems in order to identify and evaluate risk areas can 
also be greatly improved for the future. Factors such as 
slope inclination and soil-, contaminant- and SWS-
properties, mass movement probabilities, environ-
mental and societal vulnerabilities of all (up/
downstream) reaches at risk from the initial movement 
as well as seasonal variations could be programmed so 

as to be accounted for and thus incorporated into the 
assessment. The development of a targeted GIS-
application would substantially facilitate and make 
further site-specific hazard and risk analyses, as well 
as subsequent mitigation measures, more effective.  
 A last important point to make is that much of the 
knowledge needed in order to be able to further elabo-
rate on the mechanics of the mass movement-
contaminant release and transport hazard potentially 
might already exist, albeit within different scientific  
disciplines and contexts. Hence, if the need for a tar-
geted knowledge basis was clarified, and if proper 
incentives of interdisciplinary research were given, 
much scientific progress, as well as much progress in 
terms of development and implementation of proper 
risk mitigation measures, would probably be possible 
in the not too distant future.  
 

9. Conclusions 
 Mass movements occur repeatedly in Sweden and 

are mainly concentrated to river basins located well 
below the highest shoreline, in connection to areas 
along the north of the west- and the north of the 
east coast. Of roughly 400 studied events, 95% 
have occurred into or in close connection to surface 
water systems. 90% of these have primarily af-
fected running waters, 5% lakes and 5% open wa-
ters. The most affected SWS are in descending 
order: Göta Älv, Ångermanälven, Piteälven, 
Luleälven, Klarälven, Viskan, Moälven, Dalälven 
and Umeälven. 

 Earth slides represent the most common type of 
movement with rotational events in clays being 
typical of the SWS located within the more south-
ern and interior parts of the country. Earth and de-
bris flows are also known from these regions. Fur-
ther north, translational earth slides and falls in 
siltier deposits dominate along SWS there, with 
earth and debris falls and flows subordinate. Vol-
umes involved may in extreme cases be counted in 
millions of cubic metres. 

 With the exception of isolated parts of north-
western Sweden, environmentally hazardous facili-
ties and established/suspected sites of soil contami-
nation are widespread throughout the country. Ar-
eas along major river systems, lakes and coastal 
harbors are those areas most affected since this is 
where most industries historically have been and 
continue to be localised.  

 Within the three studied risk areas along Viskan, 
Klarälven and Ångermanälven, 102 environmen-
tally hazardous facilities/sites of established or 
suspected soil contamination were identified. Of 
the 44 sites of potential or established soil contami-
nation at direct risk of failure, only one has been 
classified as a “very high risk”-object according to 
national environmental risk assessment criteria. 
The nature and scope of the hazard and associated 
risks varied between and within the studied areas. 



38 

for you lending me a desk, helping me out and making 
me feel like home so quickly. I will miss you all. 

All of the people I have been in contact with 
throughout this study who have shown a true interest 
in my work and who have made an effort to help me 
out – I am deeply grateful to you all. I hope you find 
the report interesting and of value to your respective 
fields of interests.  

Last but not least, family and friends, thank you for 
putting things in their right perspective. 
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A certain geographical zonation of contemporary 
and/or historical pollutant activities, indicative of 
type of potential contaminants present, was also 
noted between them. Wastewater treatment plants, 
municipal or industrial landfills and petrol stations 
were present within all areas.  

 Upon the occurrence of a mass movement into a 
SWS, displaced materials (including potential con-
taminants) may: 
 cause damming and further mobilisation of sedi-

ments/contaminants through 
 upstream inundation 
 downstream erosion due to the eventual forma-

tion of a dam-break wave 
 alterations to downstream flow- and erosion 

patterns that may last for years or be perma-
nent 
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Appendix 1a 
 Risk objects along studied reaches of Viskan 
 
Environmental hazardous facilities and sites of potential/established soil contamination within  

 (i)  150 meters distance of the river course, and,  
 (ii)   stability zone 1 or 2 (in Mark Municipality). 
 

 

  Name Location Type of facility/activity responsible 
(status/detailed) 

Stability zone 
(detailed) 

MIFO-
class x y 

 Skene Avloppsreningsverk 6377340 1309400 wastewater treatment plant 1 (clay/si/sa on clay)   

 

Kinna Däckcentral/Texaco 6379680 1312440 petrol station // car care facility (closed; active 1960s-1989. Remediation measures undertaken) 1 (clay/si/sa on clay) 3 
OK-Västra 6378430 1312720 petrol station // car care facility (closed; active 1950-1985. Remediation measures undertaken) 1 (clay/si/sa on clay) 4 

Edvin Andersson mek verkstad 6379300 1312100 engineering industry (active) 1 (si/sa on clay) -  

von Braun Properties AB 6377154 1310713 car care facility // sorting works (active) 1 (clay/si/sa on clay)  - 

Sahlins Maskin 6377245 1308898 engineering industry (active) 1 (clay/si/sa on clay)  - 
IGMAB 6365880 1302180 engineering/plastic industry (active engineering industry onsite; plastic industry 1998-2001) 2 (clay/si/sa on clay)  - 

Björketorps Handelsträdgård 6371169 1303152 nursery, market garden 1 (clay/si/sa on clay)  - 
Hulta Maskin Production AB 6375880 1308050 engineering industry (active) 1 (si/sa on clay)  - 

Assberg 1:36 6378350 1312285 engineering industry // car care facility (active since 1970s; some remediation measures undertaken) 2 (clay/si/sa on clay)  - 
Ånäs 7 6378900 1312600 multiple (closed varnishing-, active mechanical equipment rental-, oil installation- and piping industry) 2 (clay/si/sa on clay)  - 

Mezek Bil AB 6379078 1312459 car care facility // plate works (active) 2 (clay/si/sa on clay)  - 
Gamla Macken i Björketorp 6370910 1302760 car care facility // petrol station (active) 2 (clay/si/sa on clay)  - 

Markslöjd 6378200 1312360 textile industry (closed; active 1989-97) 2 (clay/si/sa on clay)  - 

CS Möbelfabrik 6363060 1299350 surface treatment of wood 2 (clay/si/sa on clay)  - 

Kinna Trävaru AB 6380208 1313114 timber trading industry (closed; active 1930-1999) 1 (si/sa on clay) 2 

Svenska Textilfilter 6378899 1312556 textile industry (active) 2 (clay/si/sa on clay)  - 
Skene Heden 6376555 1308565 waste landfill (closed; active 1934-1970) 1 (si/sa on clay) 3 

Brosäters Bed & Breakfast ARV 6365920 1302080 wastewater treatment plant (active) 1 (clay/si/sa on clay)  - 
Skene Avloppsreningsverk 6377340 1309400 wastewater treatment plant (active) 1 (clay/si/sa on clay)  - 

Horreds ARV 6362900 1299550 wastewater treatment plant (active) 1 (si/sa on clay)  - 
Björketorps ARV 6370500 1302950 wastewater treatment plant (active) 1 (clay/si/sa on clay)  - 
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Geographic information on stability zones from Mark Municipality (2009). Information on environmentally hazardous facilities/sites of potential/established soil 
contamination from the County Administrative Board of Västra Götaland (2009a, b). 
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Appendix 1b 
 Risk objects along studied reaches of Klarälven 

 
Environmental hazardous facilities and sites of potential/established soil contamination within  

 (i)  350 meters distance of the river course, and,  
 (ii)   stability zone 1 or 2. 

  Name Location Type of facility/activity responsible 
(status/detailed) 

Stability zone 
(detailed) 

MIFO-
class x y 

 

Fordonsgasanläggning Sjövärnet 6587352 1371700 gaswork (under construction) 2   

Avfallsvärmeverket Heden 6587200 1373000 waste treatment plant (located upon old landfill) 2   

Bycosin / Bycotest AB 6586800 1371100 organic chemical engineering industry (active since 1940s) 1 (clay)   

SITA Sverige AB 6585122 1371826 waste and residue treatment plant 2   

Consale Product AB 6586470 1371870 composites/fiberglass industry 2   

Kosterns Hetvattencentral 6585700 1369100 hot water central 2   

Skåre Avloppsreningsverk 6593410 1366100 wastewater treatment plant (5 650ppl connected) 1   

 

Öjenäs 6601330 1365960 metallurgy 2 4 
Kanikenässågen 6585720 1369746 sawmill / tier (closed; active 1905-67. Remediation measures ongoing) 1 (clay) 3 

Skåresågen 6592877 1366113 sawmill / wood impregnation 2 2 
Karlstads Gasverk 2, Klaraborg 6586620 1368310 gaswork (closed; <40Mm3 gas produced 1867-1938) 2 (sil/sa) - 

Yttre Hamnen 6585620 1370000 gaswork / tier 2 1 
Batteri-Branza, Örsholmen 6586410 1371920 engineering/accumulator industry 2 2 

Branza, Tormestad 6586840 1370700 engineering/accumulator industry 2 (si/sa) 2 
Bycosin 6586850 1371030 petrol station / organic chemical industry (active since 1940s) 1 (clay) - 

Blåklockan 14 Karlstads Spinneri 6586410 1367830 textile industry 2 2 
Oldham industribatterier 6585096 1372031 accumulator industry 2 4 

kv Sälgen Karlstad Yllefabrik 6586550 1368080 spinnery 2 4 
Sköldpaddan 6 6586870 1369740 - 2 4 

Klaraviks Tricotfabrik 6586560 1367633 dry cleaning / textile industry (closed; active pre1890-~1980) 1 (si/sa) 2 
Skogaholmstvätten, Råtorp 6590562 1368303 dry cleaning (closed; chemical dry cleaning 1934-1989) 2 1 

Karlstad Glasbruk 6586110 1369663 glass industry (closed; active 1897-1929. Remediation measures undertaken) 1 - 
Orrholmens Såg 6585381 1368965 sawmill (closed; active pre1870-~1957) 1 (clay) 3 
Tullholmens Såg 6585711 1369147 sawmill (closed; active 1875-1940. Remediation measures undertaken) 1 (clay) 3 

Älvgatans Kemtvätt 6586688 1368464 dry cleaning (closed; active pre1954-1992) 1 (clay) 3 
Haga Press & Kemiska Tvätt 6586830 1369675 dry cleaning / textile industry 2 3 
Johanssons Kemiska Tvätt 6589390 1368868 dry cleaning (closed; active 1940-early 60s) 1 2 

Vic Självkem 6586819 1369798 dry cleaning 2 4 
Karlstad Garderobfärgeri & Kemiska Tvätt 6586710 1367775 dry cleaning / textile industry 2 3 

Kemiska Tvättinrättningen (1) 6586655 1369337 dry cleaning 2 3 
Karlstad Kemiska Tvätt 6586277 1371886 dry cleaning 2 3 

Nya Kemiska Tvätten (1) 6587328 1370128 dry cleaning (closed; active 1950s-~76) 1 (si/sa) 3 
Tingvalla Kemiska Tvättinrättning 6586575 1368975 dry cleaning 2 3 

Skogaholmstvätt 6586544 1368844  dry cleaning 2 3 

Lindgrens Läderfabrik 6586991 1369877 tannery (closed; active 1866-~1940) 1 (clay) 2 

Sjöstadsverket 6587300 1371600 wastewater treatment plant 2   

Centralsjukhusets Hetvattencentral 6586100 1367700 hot water central 2   

Sol-Tvätt (m.fl.) 6586882 1369164 dry cleaning 2 3 

Nya Kemiska Tvätten (2) 6586129 1368972 dry cleaning 2 3 
Tvätt och Press (m.fl.) 6586732 1369555 dry cleaning (closed) 1 (si/sa) 4 

Branza, Sågverksgatan 6586606 1371316 accumulator industry (closed; lead refining and –battery refining 1950s-60s) 1 (clay) 2 

Svenska Tagelspinneriet AB 6587377 1370460 textile industry 2 3 

Karlstads Nya Läderfabrik 6586995 1369623 tannery / engineering industry (closed; active ~1860-1975) 1 (clay) 3 
A W Anderssons Trikåfabrik 6587584 1369306 textile industry 2 3 

STAWE Trikåfabrik 6586575 1369148 textile industry 2 4 
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Information tability zones/environmentally hazardous facilities/sites of potential/established soil contamination  from the County Administrative Board of Värmland 
(2009a, b). 
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Appendix 1c 
 Risk objects along studied reaches of Ångermanälven 
 
Environmental hazardous facilities and sites of potential/established soil contamination within  

 (i)  100 meters distance of the river course, and,  
 (ii)   stability zone 1 or 2 (in Kramfors Municipality). 

  Name Location Type of facility/activity responsible 
(status/detailed) 

Stability zone 
(detailed) 

MIFO-
class x y 

 

Lugnviks reningsverk 6981350 1606900 wastewater treatment plant 1 (clay>1:10)   

Lugnviks sågverk/SCA Forest and Timber 6980680 1607460 sawmill 2 (clay<1:10)   

Lunde reningsverk 6975381 1604928 wastewater treatment plant 2 (clay<1:10)   

Mondi Dynäs AB 6986330 1597290 pulp/paper mill (active since 1894; 2006 production = 230 000t) 1 (clay>1:10)   

Nordfabro AB 6982194 1599833 plastic manufacturing industry 2 (clay<1:10)   

Nylands avloppsreningsverk 6988955 1599354 wastewater treatment plant 2 (silt/sand<1:n)   

Sandslåns Reningsverk 6990510 1601510 wastewater treatment plant 2 (clay<1:10)   

 

Bollstasågen 6988320 1595380 sawmill // tier // metallurgic industry // foundry (active sawmill onsite; impregnation 1949-68) 1 (clay>1:10) - 
Lugnviks sågverk 6980680 1607460 sawmill (active since 1873; impregnation 1935-60) 2 (clay<1:10) - 

Kramforsviken 6982809 1600914 multiple (e.g. sawmill w wood impregnation, car care facility, engineering industry) 1 (clay>1:10) // 2 (silt/sand 
on clay<1:10 / silt/sand>1:n) 1 

Väja sulfatfabrik/pappersbruk 6986729 1596326 sawmill // paper/pulp mill (active mill on site (Mondi Dynäs AB); impregnation 1965-early 70s) 1 (clay>1:10) - 

Skärsvikens sågverk 6979474 1601219 sawmill (closed; active 1885-1923) 1 (clay>1:10) - 
Tollboms såg/Rossö östra 6988984 1599442 sawmill (active wastewater treatment plant onsite (Nyland, see above); sawmill 1894-1923) 2 (silt/sand<1:n) - 

Nordfarbo AB 6992194 1599833 engineering industry (active, see above) 2 (clay<1:10) - 
Lugnviks virkesmätningsplats 6981490 1606908 wood measuring (closed) 2 (clay<1:10) - 

Sandslån 6990311 1600907 sorting works // car care facility (closed; active ?- late 1970. Some remediation measures undertaken) 2 (silt/sand<1:n) - 
Lunde varv 6976106 1605288 tier // car care facility (closed) 2 (clay<1:10) - 

Lunde reningsverk 6975381 1604928 wastewater treatment plant (active, see above) 2 (clay<1:10) - 
Wedins skofabrik nr 2 6989977 1599350 shoe factory // tannery (closed; active 1956-65) 1 (clay>1:10) - 

Gamla konsum/tryckeri 6989916 1599378 printing works (closed; active ?-1979) 1 (clay>1:10) - 

Danielssons tryckeri 1 6989882 1599413 printing works (closed; active ?-1939) 1 (clay>1:10) - 

Danielssons tryckeri 2 6990135 1599212 printing works (closed; active 1939-50) 2 (silt/sand<1:n) - 

Nynäs 6990170 1599232 petrol station (closed) 2 (silt/sand<1:n) - 
Hamnen Nyland 6989684 1599487 tier (closed) 1 (clay>1:10) - 

Bensinpump 6989995 1599334 petrol station (closed; active ?-1962) 1 (clay>1:10) - 
Åbergs billackering 6989963 1599401 car care (painting) facility (closed; active ~1965-early 80s) 1 (clay>1:10) - 

Lunde 102 6975600 1605110 waste landfill (closed; active ?-~1950) 2 (clay<1:10) 4 
Kaninholmen 211 6990545 1599272 waste landfill (closed; active ?-1955) 2 (silt/sand<1:n) 2 

Strömnäsviken 6976816 1604467 waste landfill (closed; active ?-1957) 1 (clay>1:10) 4 
Kyrkvikstippen 6980010 1601068 waste landfill (closed; active ?-1957) 1 (clay>1:10) 4 
Sandslån 301 6990450 1601100 waste landfill (closed; active 1955-pre1969) 2 (silt/sand<1:n) 4 

Nylands mekaniska verkstad AB 6989812 1599441 engineering industry (active) 1 (clay>1:10) - 
Bil Nordlund 6990251 1599196 metallurgic industry / car care facility (active) 2 (silt/sand<1:n) - 

Verkstad Nyland 6989824 1599391 engineering industry (active) 2 (clay<1:10) - 
Unanders Motor AB 6991798 1600379 car care facility (active since 1948) 2 (silt/sand<1:n) - 
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Geographic information on stability zones  from MSB (2007). Information on environmentally hazardous facilities/sites of potential/established soil contamination 
from the County Administrative Board of Västernorrland (2009a, b). 
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Appendix 2 
 Inventory of relevant historical mass movement events 
 

A review of those mass movements that during this study have been found to have affected one or many SWS and for which 
those effects have been further documented. References as footnotes.  
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Appendix 2 
 Inventory of relevant mass movement events (cont.) 
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Appendix 2 
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