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Abstract 

Several regions around the globe are at risk to incur damage from landslides, but only few studies 

have concentrated on a quantitative estimate of the overall damage caused by landslides at a 

regional scale. This study therefore starts with a quantitative economic assessment of the direct and 

indirect damage caused by landslides in a 2,910 km² study area located west of Brussels, a low-

relief region susceptible to landslides. Based on focus interviews as well as on semi-structured 

interviews with homeowners, civil servants and the owners and providers of lifelines such as 

electricity and sewage, a quantitative damage assessment is provided. For private properties 

(houses, forest and pasture land) we estimate the real estate and production value losses for different 

damage scenarios, while for public infrastructure the costs of measures to repair and prevent 

landslide induced damage are estimated. In addition, the increase in amenity value of forests and 

grasslands due to the occurrence of landslides is also calculated. The study illustrates that a minority 

of land (only 2.3%) within the study area is used for dwellings, roads and railway lines, but that 

these land use types are responsible for the vast majority of the economic damage due to the 

occurrence of landslides. The annual cost of direct damage due to landsliding amounts to 

688,148€/year out of which 550,740€/year for direct damage to houses, while the annual indirect 

damage augments to 3,020,049€/year out of which 2,007,375€/year for indirect damage to real 

estate. Next, the study illustrates that the increase of the amenity value of forests and grasslands 

outweighs the production value loss. As such the study does not only provide quantitative input data 

for the estimation of future risks, but also important information for government officials, especially 

those in charge of spatial planning and of town and environmental planning, as it clearly informs 

about the costs associated with certain land use types in landslide areas. 
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Economic Valuation of Landslide Damage in hilly regions:  

a case study from Flanders, Belgium 

1 INTRODUCTION 

Natural disasters as well as technological accidents, pollution, terrorism, armed conflicts, 

food and energy security, and increasingly scarce resources, are thought to result in serious damage 

to at-risk populations and their environment (EOS, 2009; OECD, 2003).  In Europe, thanks to a 

relatively high level of anticipation and precautions and moderate threats of natural origin, losses to 

human beings have remained limited during the past decades (EWCII, ONU, ISDR, 2003; OECD, 

2002) . However, economic losses linked to natural risks have increased considerably in Europe and 

are expected to increase even more in the future (EWCII, ONU, ISDR, 2003; Mendelsohn and 

Saher, 2010; World Bank and United Nations, 2010). In Belgium, storms, floods, forest fires , heath 

lands or bush, landslides, and the repercussions of volcanic eruptions in nearby countries, have 

demonstrated the need for a systematic, interdisciplinary and cross-sectoral approach to assess and 

manage these risks (United Nations, 2005). In Belgium, one particular natural hazard that affects 

several hilly regions relates to landslides (Demoulin and Glade, 2004; De Witte et al., 2006; Van 

Den Eeckhaut et al., 2005, 2011). These landslides cause severe structural and functional damage to 

properties and facilities and the losses are expected to further increase due to pressures of 

population expanding towards unstable hillside areas (Poelmans and Van Rompaey, 2010; Van Den 

Eeckhaut et al., 2010) and climatic changes (Baguis et al., 2010).  

Many studies investigated how natural factors and human activities control landslides at 

various spatial scales (Crozier, 1986; Van Den Eeckhaut et al., 2010). These studies typically 

produced susceptibility maps depicting the spatial distribution of landslides (Carrara et al., 1995; 

Guzzetti et al., 1999; Li et al., 2012; Rossi et al., 2010; Vanacker et al.,2010; Van Den Eeckhaut et 

al., 2006, 2007a, 2007b). Also hazard studies in which not only information related to the spatial 
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distribution of potential landslides is taken into account but also to their temporal occurrence and 

their intensity are becoming more common (Cardinali et al., 2002; Ghosh et al., 2012; Gibson et al., 

2012, Glade, 1998; Glade and Crozier, 2005; van Westen et al., 2006). 

However, few studies have concentrated on quantitatively analyzing socio-economic 

consequences of mass movements. Available studies focus on a qualitative or semi-quantitative 

damage assessment (Petrucci and Gulla, 2010; Puissant et al., 2012), or on damage assessments 

taking only one type of damage – typically direct damage- into account (Papathoma and Dominey-

Howes, 2003; Papathoma-Köhle et al., 2007; Petrucci et al., 2008; Zêzere et al., 2008). The type of 

elements at risk and their vulnerability to landslides are very diverse, and a vulnerability and 

consequences analysis which aims at predicting future damage is an essential part of any risk 

analysis which in turn forms the basis for risk reduction efforts and preparedness planning 

(Holcombe et al., 2012, Lee and Jones, 2004; van Westen et al., 2006). However, a true economic 

valuation of the damage already caused by landslides and of the costs related to prevention and 

remediation is often lacking and, to our knowledge, most available economic valuations are 

relatively old and for North-American study areas (Schuster, 1995, 1996; Schuster and Fleming, 

1986)  

Therefore, this study aims at developing a methodology to estimate the overall direct and 

indirect damage already caused by landslides in low-relief areas in Belgium for which a landslide 

inventory is available (Van Den Eeckhaut and Poesen, 2009; Van Den Eeckhaut et al., 2011).

Direct damage includes all of those physical impacts that lead to either the destruction or to 

deformations that reduce the functionality of an element (damage to property or facility) or that lead 

to damage to people who might be either killed or injured. Hence, costs of replacement, repair, or 

maintenance due to damage of property or facilities within the boundaries of a landslide can all be 

considered as direct costs. Indirect damage includes reduced real estate values, loss of productivity, 

lost revenue and loss of opportunity through the disruption of public services and interruption of 

business continuity, and the cost of measures to prevent or mitigate future mass movement damage 
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(Middelmann, 2007, Petrucci and Gulla, 2010; Schuster and Fleming, 1986). In particular, we 

combine two economic valuation methods. On the one hand we estimate the decrease in the real 

estate value of houses and production value of forests and pastures, due to their location in areas 

with a high landslide susceptibility. On the other hand we estimate the costs to restore and prevent 

damage to private buildings and public infrastructure which is caused by the occurrence of 

landslides. This methodology provides us a lower bound of the economic value of the damage 

caused by landslides. The study aims to provide a complete picture of all damage to public 

infrastructure due to landslide occurrence in the region, while costs to repair damage to private 

properties are illustrated for a few case studies using the data collected in the semi-structured 

interviews. 

Landslides will not only cause damage, but they might also create some societal benefits. 

They will change the forest and pasture landscape and disturb the hillslopes. A bumpy topography 

with ponds might emerge in reverse slopes and different soil types will be present since different 

soil parent materials will be exposed. Consequently, a micro-ecosystem might emerge in which 

more rare plant and animal species occur. All this will change the forest and pasture ecosystem 

services in general and the recreational attractiveness of the area in particular. As such landsliding

might create some benefits to society (thus a negative cost). We estimate the increased recreational 

and experience value due to the occurrence of a landslide using ‘nature value explorer’, an online 

benefit transfer tool which is developed for the economic valuation of ecosystem services in 

Flanders (Liekens et al., 2010).  

This paper shows that landsliding in low-relief regions susceptible to landslides is not 

spectacular, but a slow, continuously operating process with considerable economic damage, and 

offers quantitative input data for the estimation of future risks. Next, the study illustrates that the 

increase of the amenity value of forests and grasslands outweighs their production value loss. As 

such the study does not only provide quantitative input data for the estimation of future risks, but 



4

also important information for government officials as it clearly informs about the costs associated 

with certain land use types in landslide areas. 

2 STUDY AREA 

This study focuses on 27 municipalities affected by landslides located in a region west of 

Brussels (Belgium) (Figure 1). The study area is a hilly region characterised by altitudes ranging 

from 10 m to 150 m a.s.l. and hillslope gradients are generally less than 15%. In this study area , 

previous studies identified 291 areas where landslides occurred in the past (Figure 2) (Van Den 

Eeckhaut et al., 2005; 2007a; 2011). Out of the 291 observed landslides, 73.6 % (n=214) are deep-

seated landslides, i.e. the shear surface was estimated to be deeper than 3m and the area affected 

larger than 1 ha.  The deep-seated landslides are all earth slides and the majority are rotational 

slides. Among the 214 deep-seated landslides, there are 36 possible landslides with an unclear main 

sharp. The majority (ca. 75%) of the deep-seated landslides are completely or partly forested and ca. 

20% of the deep-seated landslides are located under forest. The remaining 5% is located under 

gardens or orchards (Van Den Eeckhaut et al., 2010). Although the precise activation date is not 

known, they are assumed to be older than 100 years. Due to absence of historical documents 

describing the initiation or reactivation of the landslides, the deep-seated landslides are often 

considered as dormant. However, using dendrochronological analysis, recent studies have shown 

that they are less dormant than assumed according to historical documents and that local 

reactivations are likely to occur (Van Turnhout et al., 2012). This is also confirmed by the 

observation that many of the forested landslides have a fresh, bumpy topography on which tilted 

trees are growing (Van Den Eeckhaut et al., 2009). 26.4% of all observed landslides are shallow 

complex landslides which occupy an area of less than 1 ha. These shallow landslides typically start 

as rotational earth slides, but their foot has flow characteristics. They can typically be found within 

the accumulation zones of deep-seated landslides and on hill slopes with significant human 
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activities (expansion of the built environment). Most identified shallow landslides were initiated 

during the last 30 years (Van Den Eeckhaut et al., 2006, 2010). 

In the study area, the (re-)activiation of landslides has never led to physical injuries to 

human beings, nevertheless there was physical and functional damage to both public and private 

infrastructure such as houses, administrative, industrial and commercial buildings, electricity grid, 

roads, railways and underground cables (Van Den Eeckhaut et al., 2007b). The majority of areas 

within the landslide boundaries are covered with forest (39%) and pasture (29%), while other 

considerably smaller areas (1%) within the landslide boundary are residential areas (table 1). In this 

paper, we focus on estimating the direct and indirect damage in areas within the study region that 

are known to be affected by the (re-) activation of landslides. In addition, an estimation is made of 

the societal benefits due to the increase in the amenity value of forests and grasslands arising from 

the increased biodiversity due to their location in an area where a landslide occurred in the past 

(called “LS area” in the remaining of the paper).  

3 DATA COLLECTION 

To produce an overall picture of the economic damage caused by landslides in the study 

area, data was collected from June 2011 till September 2011 in three ways. On the one hand, “semi-

structured interviews” were conducted (Table 2). Such semi-structured interviews are non-

structured interviews for which a list of themes and questions to be covered is prepared beforehand. 

Although the themes and questions to be covered may vary depending on the specific context. Some 

questions may be omitted in particular interviews and the order of questions may vary depending on 

the flow of the conversation (Saunders et al., 2009). In particular, for these interviews, two different 

frameworks or questionnaires were prepared beforehand, i.e. some questions were designed and 

phrased ahead of time, but some new questions were brought up during the interview, allowing both 

the interviewer and the person being interviewed the flexibility to probe for details or discuss issues 
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(United Nations Food and Agricultural Organization, 1990). One questionnaire was designed to 

gather information about damage to private properties (houses, forests and pasture land) and used in 

ten semi-structured interviews (of which seven interviews with homeowners and three with farmers) 

so that information about various degrees of damage throughout the study area could be collected. 

In these interviews with private property owners, respondents were asked to provide information 

about physical changes (damage) to their property due to a landslide occurrence, the perceived 

cause(s) of the landslide, the type and costs of measures to restore and prevent damage, the 

effectiveness of the preventive measures, and immaterial damage such as the psychological effect of 

the (recurrent) damage to their property due to a landslide occurrence. Another questionnaire was 

designed to obtain information about damage to public infrastructure. The latter questionnaire was 

used in 22 semi-structured interviews with civil servants (e.g. from the technical service from the 

municipalities in the study area), or with the owners and providers of utilities such as electricity, 

sewage and drinking water. For each type of infrastructure (roads, railway lines, utility lines, 

sewage system and public buildings), the respondents were asked to describe the damage, and the 

date, mode and costs of repair and prevention. In particular, information was gathered about the 

date that the damage occurred, the precise location of the damaged infrastructure, the type (e.g. 

cracks in road) and magnitude (m² of road affected) of the damage, and the period the infrastructure 

could not be used due to damage. Next, we asked about the effectiveness of the prevention 

measures. 

Additionally, about five “focus interviews” in which we set out the topics to be covered but 

did not unduly disrupt the flow of the respondents comments, were conducted with experts to 

collect information about damage to very specific public infrastructure. To obtain information about 

the additional costs of the prevention measures taken for very large-scale infrastructure projects 

such as railways or highways, focus interviews provided more useful site-specific data on the 

economic costs related to landslide damage prevention than semi-structured interviews. 
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All interviewees were contacted beforehand and asked to collect relevant records related to 

costs incurred due to a landslide occurrence. Particularly for large infrastructure projects, or for 

projects involving high repair and prevention costs records could be retrieved from for example the 

municipalities, private property owners, owners and providers of utility lines, railway company and 

the Flemish Department Mobility and Public Works. These records were then used during the semi-

structured and focus interviews to extract all necessary information.   

Finally, three notaries and two real estate agents were contacted and asked to value (i.e. to 

give an estimate of its sales price) a hypothetical house typical for the region which is located 

within the landslide boundaries and has suffered minor or major damage, and the same property 

outside the landslide boundaries.  

4 METHODOLOGY 

Different techniques were used to quantitatively assess direct and indirect landslide damage 

in the study area. To estimate the direct damage, we assessed the actual costs to repair damage to 

public infrastructure (roads, railway, utility lines) and private properties (houses, pasture) using the 

data collected during the semi-structured and focus interviews. If cost data were provided for 

previous years, the 2011 value expressed in real terms was calculated using real interest rate (see 

section 4.4). Indirect damage was assessed in two ways. On the one hand, the 2011 value of the 

actual costs of prevention measures was assessed using data collected during the interviews. On the 

other hand, the potential (prospective) real estate value loss of houses and production value loss of 

pastures and forest was calculated using secondary data. Landslides also affect the pasture and 

forest ecosystem services. Therefore, an assessment was made of the difference between the value 

of the ecosystems services of forests and pasture located in and outside a LS area using benefit 

transfer.  
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4.1 Direct Damage 

4.1.1 Public infrastructure: repair costs 

To estimate the direct damage to public infrastructure, we rely on the “the substitution –or 

replacement or restoration- cost method” (Markantonis et al., 2012; OECD, 2000; Pearce et al.,

2006) in which all costs to repair landslide related damage are taken into account. For public 

infrastructure like a road, the cost to repair damage will range from the costs of repairing a crack 

(Figure 2) by filling it with asphalt to the costs of reconstructing part of the road (including the 

foundations as well the top layer). The costs of repair measures were obtained from the semi-

structured interviews and focus interviews. Since representatives from all municipalities were 

contacted, the assessment of the costs to repair damage to public infrastructure reflect those of the 

entire study area.  

4.1.2 Private properties (houses and pastures): repair costs 

To estimate the costs to repair landslide-related damage to private properties we also rely on 

the “the substitution cost method” (Markantonis et al., 2011; OECD, 2000; Pearce et al., 2006). In 

the case of a house, this goes from the costs to repair a crack in a wall over the cost to rebuild a 

certain (part of a) wall of a house to the cost of the complete removal and rebuilding of an (entire 

part of a) house. In the case of pasture land, farmers may opt to carry out ground works to repair 

landslide related damage and this ranges from leveling the pasture land to first filling the 

depressions formed by the landslide with soil material transported from elsewhere followed by 

leveling the terrain.  

Data on costs to repair landslide-related damage were collected when conducting the semi-

structured interviews and will be illustrated for a few case studies. Previous studies estimated 

already that in the Flemish Ardennes, a sub region of the study area, over 350 houses have cracks or 

other damage caused by landslides (Van Den Eeckhaut et al., 2010). The case studies cannot be 

considered as statistically representative for the entire study region. However, given the extensive 
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field work done in the study region during this study as well as previous studies, these case studies 

are typical of the type of landslide damage to private properties in the study area. Therefore, the 

case studies reflect the range of the typical costs to repair landslide-related damage to private 

properties and can hence be used to extrapolate the repair costs to the entire study region.  

4.2 Indirect damage 

4.2.1 Public infrastructure: prevention costs 

Costs of measures to prevent damage to public infrastructure are estimated using the 

prevention cost methods. Actions taken to prevent landslide damage to public infrastructure include 

the installation of a drainage system, construction of anchors and r²etaining walls, and the 

excavation of slopes. For estimating the prevention costs, we rely on the data collected through the 

semi-structured and focus interviews. Since representatives of all municipalities were interviewed, 

costs of the most important preventive measures could be estimated and these estimates can be 

considered to be representative for the entire study area.  

4.2.2 Private properties: prevention costs 

Certain private agents living within a LS area might take measures to prevent the occurrence 

of damage by landslides. For example, homeowners might shore or prop up their house so that they 

will not face problems such as cracks in walls or subsidence of the house if a landslide is (re-) 

activated. Farmers may, for example, try to prevent damage to pastures by improving the water 

management and installing a drainage system. Data on costs to prevent landslide- related damage 

were collected when conducting the semi-structured interviews and will be illustrated for a few case 

studies. The case studies cannot be considered to be statistically representative for the entire study 

region, but they can be considered to be typical of the type of measures taken to prevent landslide 
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damage in the study area. Therefore, the case studies can be used to draw conclusions on the 

magnitude of the costs made to prevent landslide-related damage to private properties. 

4.2.3 Private properties (houses, forests, pastures): estimated value loss 

To estimate the economic damage, one may rely on different methods. For private houses, 

one might for example rely on the “hedonic pricing method” (Perman et al., 2011; Markantonis et 

al., 2012). This revealed preference method estimates the damage due to for example environmental 

degradation – the occurrence of landslides in this specific case - based on the difference in house 

prices using econometric regression techniques. In particular, the sales price of a house which is 

located in a LS area is compared with the sales price of a house with similar characteristics but 

located outside a LS area (Hamilton, 2007). Very detailed information about the characteristics of 

the sold houses (such as age and size) both in- and outside the boundaries of a LS area is needed to 

conduct any formal econometric analyses and such data are, unfortunately, not available. Therefore, 

we have to rely on a second best solution. In particular, we rely on the value estimates of real estate 

agents and notaries. We made an estimate of the reduced real estate value according to two 

scenarios. These two scenarios are compared with a reference house, being a hypothetical house 

typical for the region (a free-standing house with a liveable surface of 150 m² on plot of 10 are) and 

located outside the LS area. Next, the value of this reference house is compared with scenario 1, 

where a similar house is located within a LS area and with minor damage such as small cracks in 

walls or sticking doors and windows (see Figure 2), and with scenario 2, where the house has 

suffered major damage such as large cracks in walls (see Figure 2). The value loss of a private 

property due to its location within a LS area provides us for the two scenarios an economic damage 

due to landslides.  

Landslides do not only damage houses, but also other types of immovable assets. For 

example, the occurrence of landslides might affect tree growth in the wooded areas (Van Den 

Eeckhaut et al., 2009). Tree-trunks will have a crooked, irregular shape (e.g. curved) so that the 
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wood production value of the trees is lowered. To estimate the damage to forests due to landsliding, 

we made an estimate of the reduced production value according to four scenarios. A reference 

scenario, where a forest is not affected by the occurrence of landslides, is then compared with 

scenario 1 where 100% of all trees can be cut, but these trees can only be sold as firewood, scenario 

2 where 75% of all trees can be cut, but only be sold as firewood, scenario 3 where 50% of the trees 

can be cut, but only be sold as firewood and scenario 4 where no logging is possible so that the 

damage or reduced production value equals the timber value. To estimate the production value loss 

for each scenario, a number of assumptions had to be made. We assumed that all affected trees can 

only be sold as firewood. This assumption seems justified as in the study area all wood is sold on 

the stump and buyers will therefore not be willing to pay a high price if the tree trunks have 

irregular shapes. Next, we assume that all forests in the study area consist of beech trees with a 

circumference between 150cm and 170cm. We assume that a beech forest has a lifetime of 150 

years, but logging starts only after 40 years. From then onwards, 40m³ wood will be cut per hectare 

every eight years (corresponding to 5m³ per hectare per year). Beech timber with a trunk 

circumference of 150cm-170m is sold for 32.5 €€/m³ in the study area, while firewood is sold for 

only 26.92 €€/m³ (Silva Belgica, 2010; oral communication with prof. Bart Muys, 2011).   

Next, pastures affected by landsliding will decrease a farmer’s land productivity. The 

topography of a pasture located in a LS area might be altered resulting in swampy zones or ponds. 

Consequently, part of the pasture land may no longer be used for grazing animals. In that case, 

farmers can choose to rent additional pasture the size of the affected area. The average agricultural 

land rental price is considered to be a good proxy for the yearly production value of pasture land 

since the rental price reflects the returns to land after the costs for all other production factors have 

been subtracted (Featherstone & Baker, 1988). Moreover, rental rates are less affected by urban 

pressures and other non-agricultural factors and therefore reflect better the value of agricultural 

activities on the land than land sales prices (Whitaker, 2006). For the study region the average 

agricultural land rental price equaled 248 €/ha € in 2010, so that the 2011 value of the land rental 
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price was equal to 259 €/ha. For calculating the 2011 value, we corrected for inflation and the time 

value of money, and we particularly rely on a nominal interest of 7% and an inflation rate of 2.5% 

(see also section 4.4). Since only part of the pastures within the LS areas will be affected, we 

calculate the economic damage to pastures within LS areas for three scenarios. In scenario 1, 2 and 

3, we assume that respectively 10%, 25% and 50% of the pasture located within the LS area cannot 

longer be used for grazing animals or making hay. 

4.3 Societal benefits of landslides 

The occurrence of landslides might also affect biodiversity and forest and pasture 

ecosystems services such as carbon sequestration, recreational experiences and biological diversity 

(Hilton et al., 2011; Restrepo et al., 2009). In the study area, landslides are not clearing tracts of 

forest biomass from hillslopes due to the low relief so that carbon burial due to landslides is limited. 

Hence, climate change regulation and carbon sequestration of forests in LS areas is hardly affected 

due to the occurrence of landslides. However, the forest and pasture landscape will change since a 

bumpy topography with ponds might emerge in reverse slopes as a result of a landslide occurrence. 

In addition, due to the disturbance of hillslopes by landslides, different soil types will be present 

since different soil parent materials will be exposed. Consequently, a micro-ecosystem will emerge 

in which more rare plant (e.g. Equisetum Telmateia) and animal (e.g. Salamandra salamandra) 

species occur. All this will change the recreational attractiveness of the area and as such the 

landslide might create some benefits to society (thus a negative cost). For estimating the increased 

recreational and experience value due to the occurrence of a landslide we rely on the ‘nature value 

explorer’, an online tool which is developed for the economic valuation of ecosystem services in 

Flanders and which uses a benefit transfer (Liekens et al., 2010). In particular, for all forests and 

pastures located within a LS area, we calculate the increased amenity and non-use value due to the 

occurrence of several rare animal and plant species (relative to a forest or pasture (grassland) with 
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fewer rare animal and plant species) and assume that the biodiversity increases by 10% due to the 

occurrence of landslides under forests or pastures. For forests, four scenarios were considered 

(corresponding to the scenarios for estimating the reduced production values). In scenario 1, all 

trees can still be cut since the area is still rather accessible (i.e. there are hardly any ponds). In 

scenario 2, 3 and 4, respectively 75%, 50% and 25% of all trees can be cut which implies that 

respectively 25%, 50% and 75% of the area is rather inaccessible due to the bumpy topography and 

the presence of ponds. This implies that in scenario 1, biodiversity of the area is hardly affected, 

while in scenario 2, 3 and 4 biodiversity is assumed to increase by 10% in 25%, 50% and 75% of 

the forested LS areas. In accordance with the scenarios developed for estimating the reduced 

production value of pastures, three scenarios have been considered to assess the change in the 

valuation of pasture ecosystem services. It is assumed that respectively 10%, 25% and 50% of the 

pasture cannot be used for grazing animals due to the bumpy topography and formation of ponds. 

This implies that 10%; 25% and 50% of all pasture land within a LS area can be considered as 

‘natural grassland’ and we assume that the biodiversity in these areas increases with 10%. 

4.4 Calculating the 2011 value of landslide-related damage 

All costs and value losses expressed in Euros and refer to 2011 values. If cost data for other 

years were collected, they were all recalculated to 2011 values. For this we make use of a real 

interest rate (r). This real interest rate (r) can be calculated using a nominal interest rate (R) and 

inflation rate (i). The nominal interest rate is the price a borrower pays to the moneylender for 

temporary making the money available to him. For example, if someone owns 100€ and s/he invests 

this money for one year earning a risk-free nominal interest rate of 7%, the 100€ will be worth 

100*(1+ 0.07)
N
 within N years. 

Hence, 100€ today will be worth 196.72 € after 10 years. Or put differently, if someone 

needs 196.72 € over 10 years, s/he needs 100€  (=196.72 €/(1+0.07)
10

) today. Thus, if one needs 
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100€ within ten years, s/he needs to have 50.83 € (= 100/(1+0.07)
10

) today. So, 50.83 € is the 

present value of ‘100€ over 10 years’. In case of inflation, the purchasing power of money 

decreases. With an inflation rater of 2.5%, a reparation that costs 100€ today, will cost 102.5 € 

(=100*(1+0.025)
1
) next year and 128.01€ (=100*(1+0.025)

10
) over 10 years. Vice versa, a 

reparation that costs 100€ today, would have cost 97.56 € one year ago and only 78.12 €ten years 

ago. To take into account decreasing purchasing power, the nominal interest rate is corrected for 

inflation. To calculate the present value of a monetary amount, the real interest rate is used. This 

real interest rate can be calculated using the Fishler equation which says that 1+R = (1+r)*(1+i) so 

that r = (1+R)/(1+i) – 1 (Proost and Rousseau, 2007; Dombrecht et al., 2005). In this paper, we use 

a nominal interest rate of 7% and an inflation rate of 2.5%, being the Belgian average for the last 

decade. Hence, the real interest rate used to calculate the present value of landslide related damage 

equals 4.4%. All prices and costs mentioned in this paper are expressed in real terms as the 2011 

value. Prices and costs are corrected for inflation and thus represent the current situation. 

5 RESULTS OF DAMAGE COST ESTIMATION 

5.1 Estimation of the Direct Damage using the Repair Costs 

5.1.1 Road infrastructure 

For the 2001-2011 period, we collected information about all costs that were made to repair 

damaged roads within a LS areas. If information provided by the interviewees represented costs 

made in previous years, the 2011 value was calculated using the formulas described in section 4.4. 

A real interest rate was used for that purpose so that the costs are expressed in real terms as the 

2011 value. For some repair works, precise accounting data could be collected during the semi-

structured interviews. For other repair works, there was no data available on the precise cost of the 

works. However, it was feasible to collect for all repair works the mode of reparation (either a new 

asphalt top layer either a new foundation and top layer) and the road surface area that was repaired. 
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Hence, based on unit prices per m² for the different modes of repair, the total effective cost that was 

made to repair road damage could be calculated and this augmented to 719 507 € for repairing 

damage to roads and to 95 143 € for repairing secondary road infrastructure such as parking areas 

along the road, cycle and footpaths (table 3) . While some roads were repaired, other roads were 

damaged due to the occurrence of landslides, but were not yet repaired, i.e. they are still in a 

damaged condition. For these, we calculated the cost to repair the existing damage and this for the 

two modes of repair described above. The cost to repair existing damage augments to 111 998 € if 

one would opt to only add a new top layer, or to 687 184 € if one would opt for a thorough repair by 

rebuilding the foundation and adding a new top layer. This also includes the cost to repair a road 

that was located in a area which in previous studies was identified as an area with a high to very 

high landslide susceptibility, but not as an area where landslides occurred in the (recent) past (Van 

Den Eeckhaut, et al., 2005; 2007a; 2011). However, recent field work identified landslide activity 

as a major causal factor of the damage. This means that, for the 2001-2011 period, the cost to repair 

all damage to roads caused by landslides in the study area augments to 926 648 € if the existing 

damage is repaired in a more superficial way (only new top layer) or to 1 501 834 €  if the existing 

damage is repaired in a more thorough way.  

5.1.2 Utility lines 

Several lifelines in the LS areas were affected by landsliding. For example, within one 

landslide, the underground electricity cable was broken while in another LS area the above-ground 

electricity poles were shifted. Cracks in gas pipes were reported for one location and for another 

location the above-ground telephone line broke. While damage to electricity and telephone lines and 

gas pipes occurs rarely, water pipes and the sewerage system are frequently damaged by landslides. 

Water pipes are typically damaged because the coupling between two pipes is detached, because of 

cracks in the pipes or because the pipes slided away and broke due to the occurrence of a landslide. 

Interviews with companies in charge of the water pipes revealed that in several locations, water 
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pipes were on average damaged every two years. The majority of these water pipes were built in the 

mid 1970s and outside a LS area they can be in use for 60 to 70 years without repair. Hence, all 

costs to repair damage to water pipes, which augmented to 251 638 € in the past three decades (see 

table 4), can be considered as an additional cost due to their location in a landslide area. The 

damage cost to the sewerage system due to the occurrence of landslides is also relatively high. 

Ditches become silted up and sewer pipes slided away and the costs to repair this type of damage 

augmented to 210 827 € in the past three decades. For a 30 year period (1981-2011), total 

expenditures made to repair damage to utility lines (water and sewerage as well as electricity, 

telephone and gas) summed up to 525 500 €.  

5.1.3  Private properties 

Semi-structured interviews with seven homeowners in the study area illustrated the type of 

problems they encounter due to the location of the house within a LS area. Homeowners made 

expenditures to repair different types of damage such as cracks in walls, cracks in water and heating 

pipes, cracks in roofing tiles, subsidence of a part of the house, subsidence of septic tank, 

subsidence of discharge pipe, subsidence of garden terrace, subsidence of indoor floors and sticking 

windows and doors. In addition, the costs made to repair damage could be collected. If information 

provided by the homeowners represented costs made in previous years, the 2011 value was 

calculated using the formulas described in section 4.4. A real interest rate was used for that purpose 

so that the costs are expressed in real terms as the 2011 value. Table 5 illustrates that the costs of 

repair differs considerably and ranges from 1 411 € per house to 35 305 € per house. If one 

extrapolates this to all houses (n=600) located in a LS area, then the 2011 value of the overall cost 

(expressed in real terms) of repair would range from 846 600 € to 21 183 000 €.  

Two farmers that owned pasture land located within the boundaries of a landslide were 

interviewed. Both encountered costs to repair damage to their pasture land. Due to landsliding 

fences were displaced and broken so that they had to be repaired. In addition, landslides altered the 
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terrain and made the topography very irregular/bumpy with swampy zones which resulted in a 

lower grass yield and increased the risk of cows breaking their legs. One of the farmers leveled the 

terrain and filled the depression zones formed by the landslide with soil material. The second 

interviewed farmer owned 1.25 hectare of pasture land that was not longer usable because the 

landslide transformed the pasture in a terrain with a bumpy topography. He did not take any specific 

action besides repairing damaged fences. Unfortunately, no precise costs of the ground works 

(leveling, installing drainage system, transport of ground material) could be provided.  

5.2 Estimation of the Indirect Damage using the Prevention Costs 

5.2.1 Road infrastructure 

To prevent damage to roads in LS areas, several measures have been taken such as building 

anchors, retaining walls, drainage systems, and excavation of slopes. Based on interviews with civil 

servants, we obtained data on the costs of 14 (out of the 26) preventive measures taken between 

1981 and 2011 (thus over a 30 year period). The collected cost data often do not represent the 

current situation. However, the value was calculated using the formulas described in section 4.4 so 

that all prevention cost are expressed in real terms as the 2011 value. The net present value of these 

measures augments to 14 872 380 € of which 14 244 502 € was spent on building grout walls to 

prevent damage to one important primary road (N36, Kluisbergen) in a LS area. To build this grout 

walls, soil was removed through hydraulic erosion and replaced by grout, a construction material 

composed of a mixture of water, cement, and sand. It is injected as a thick emulsion and hardens 

over time. 

5.2.2 Railway  

A railway connecting two important economic cities, Brussels and Ghent, is located in the 

study area and crosses three LS areas and one area susceptible to landslides. The construction of the 
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railway line started in 1923 and from then onwards several landslides occurred. In 1927, after 

mapping of problem areas and conducting local hydro-geological research, several preventive 

measures such as the construction of a drainage system and re-profiling the railway banks, were 

taken. Unfortunately, these measures were not sufficient because the landslide in Dilbeek was 

frequently reactivated (Maekelberg, 2011). They kept on improving the drainage system, excavating 

the slopes and building sheet pile walls. Information about the costs of these past measures is not 

available. 

Currently, next to the two existing lines two additional railway lines between Brussels and 

Ghent are being built to meet the increasing demand for freight and passenger transport between 

both cities. For this project, the railway banks have to be excavated. Since the railway line crosses 

three LS areas and one area susceptible to landslides, special retaining walls with longer poles and 

drainage ditches had to be built to prevent damage due to the occurrence of a landslide. A retaining 

wall with a length of 1 216m had to be built and this resulted in an additional cost of 4 567 822 € 

(value in 2011) which increased the building cost of the retaining walls with 38%. This cost is only 

a lower boundary of the cost of preventive measures because the extra cost of the hydraulic works 

(i.e. installing drainage pipes in trenches orthogonal to the road banks) was not estimated 

separately. Thus the latter cost could not be taken into account when calculating the additional cost 

of building special retaining walls in the LS areas and the area susceptible to landslides.  

5.2.3 Utility Lines 

Different types of measures were taken to prevent damage to utility lines. To prevent 

damage to water pipes, flexible tubes were used in some LS areas and the costs for this augmented 

to 19 585 €. The management office of the sewage system as well as some municipalities took 

specific measures to prevent damage to sewage pipes. In particular, polyethylene tubes and 

geotextiles were used during works at the sewage system and profile cistern tanks were installed. 

The 2011 value of the costs of measures to prevent landslide-related damage to the sewage system 
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equals 68 994 €. Electricity providers installed some extra strong poles in some LS areas which 

resulted in a cost of 1 741 €. Over a 30 year period (1981-2011), the 2011 value of all measures to 

prevent damage to utility lines augments to 90 320 €.  

5.2.4 Private properties 

Semi-structured interviews with seven homeowners pointed out that typical prevention 

measures taken by the homeowners include the construction of retaining walls and buttresses, extra 

thick reinforced concrete foundation, and reinforced beams, or injecting anchoring micro-piles 

under the house. The 2011 value of the costs of these prevention measures varies from 73 € to 75 

220 €. If one extrapolates this to the entire study area, then the 2011 value of the costs of all 

prevention measures would fall in a wide interval, ranging from 43 800 € to 45 132 00 €. 

One of the interviewed farmers also took measures to prevent damage to his pasture land. 

He installed a drainage system to improve the water management of the pasture and to prevent 

future damage. Unfortunately, cost estimates of this prevention measures could not be provided. 

5.3 Estimation of the Indirect Damage using Estimated Value Loss 

5.3.1 Houses 

The estimates of the real estate value losses by the different notaries and real estate agents 

were all close to each other (range = 5%) so that it was considered appropriate to work with an 

average decrease in real estate value loss. According to the value loss estimates, for houses with 

small damage (scenario 1), i.e. small cracks in walls (<0.5m long) or sticking windows and doors, 

the real estate value of the house decreases on average with 10%. In the case of large damage 

(scenario 2), i.e. large cracks in walls (more than 0.5m long) or subsidence of some floors, the real 

estate value decreases on average with 32.5%. According to the land register, approximately 600 

houses were located within the LS areas and in the study region the average sales price of a house 
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equals 344 306 €. If damage to a house is small the average real estate value loss equals 34 431 € 

per house, while large damage results in an average value loss of 111 899 € per house. Hence, if all 

houses within the area incur small damage, then the total real value loss augments to 20 658 360 €, 

while it augments to 67 139 670 € if all houses incur large damage (see Figure 3). 

5.3.2  Forest 

Approximately 430 ha of forest are located within the LS areas. Based on the assumptions 

mentioned in the methodology section, 430 ha of forest located within the study area but located 

outside the LS areas would have a production value of 69 875 €/year in 2011 values (i.e. reference 

situation where wood is sold as beech timber). If we assume that, compared to the reference, 100%, 

75% or 50% of the trees can be logged but that all timber on the stump can be only sold as fire 

wood, the forest annual production value equals respectively 57 878 €, 43 409 € and 28 939 €, 

which corresponds to an annual value loss of 11 997 €, 26 466 € and 40 936 €. On the other hand, if 

all forest located within a LS area would not be suitable for logging (scenario 4), the estimated 

value loss equals 69 875 €/year. Over the 110 years logging lifetime of 430 ha of forest, the forest 

production value loss varies from 282 265 € to 1 644 018 € depending on the percentage of trees 

that can be logged compared to the reference situation (table 6).  

5.3.3 Pastures 

The area of all pasture land located within the boundaries of a landslide equals 270 ha and 

part of this pasture land cannot be used due to the occurrence of landslides (e.g. swampy zones, soil 

cracks, ponds). Farmers can carry out land leveling works to repair or prevent damage or decide to 

not longer use the affected pastures and rent additional pasture land instead. The former solution 

(i.e. groundwork) is however more costly and, according to interviews with farmers, offers only a 

temporary solution. As such farmers will only opt to carry out ground works not more than once. 

Therefore, the best proxy for the economic consequences of landslides equals the payment for 
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renting other pasture land equal to the size of the affected area. We assume that only part of the 

pastures located within the LS areas are affected and calculate the production value loss for three 

different scenarios. Based on the land rental price (FOD Economie, 2011), we calculated that the 

yearly production value loss equals 6 993 € if 10% of the pastures within the LS areas cannot be 

used, 17 483 € if 25% cannot be used and 34 965 € if 50% cannot be used (table 7). Over a farmer’s 

professional lifetime (i.e. 45 years) the production value loss of all pastures located within the LS 

areas varies from 143 33 € to 715 163 € depending on the percentage of landslide-affected pasture 

area that cannot be used.  

�

5.4 Estimation of the Societal Benefits of Landslides 

5.4.1 Forests 

Due to the larger plant and animal biodiversity in forests located within a LS areas, the 

amenity and non-use value of these forests will increase. Since Flanders is a region with a relatively 

high population density (ca. 450 inhabitants/km²), the demand and thus the value of the cultural 

services such as recreational experience and cultural, intellectual and spiritual inspiration obtained 

from ecosystems is very high. Therefore, increases in biodiversity, even relatively small ones, will 

create important societal benefits. Depending on the assumptions regarding the share of forest that 

is inaccessible for logging due to the bumpy topography and the presence of ponds, the yearly 

increase in amenity value of the forests located in a LS area varies from 0 € if the LS area remains 

accessible for logging and there is no unique micro-ecosystem with rare plant and animal species to 

124 279€ per year if the all forests located in a LS area have unique landscape and biodiversity 

features.  

5.4.2 Pastures 

If part of the pasture located in a LS area becomes unusable for grazing or haymaking, then 

that part can be considered as natural grassland. Due to the bumpy topography and the formation of 
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ponds, biodiversity in the pasture land will increase. Depending on the share of pasture land that 

becomes unusable and can thus be considered as natural grassland, the increase in amenity value of 

the ecosystem varies from 7 803€ if 10% of the pasture land located in the LS areas can be 

considered as natural grassland with increased biodiversity to 39 017€ if 50% of the pasture land 

located in a LS area can be considered as natural grassland with increased biodiversity (relative to 

other nearby natural grassland located outside a LS area). 

6 DISCUSSION 

In this analysis, the annual equivalent of landslide-related damage was assessed. For that 

purpose different estimation techniques and data sources were used. On the one hand, data were 

collected through semi-structured and focus interviews to assess the actual costs made to repair and 

prevent landslide damage. Recall data on actual costs were collected and an attempt was made to go 

back in time as far as possible. For public infrastructure, it was possible to get a comprehensive 

estimate of all repair and prevention costs made during respectively a 10 and 30 year period because 

only a limited number of interviews need to be conducted for that purpose. It was possible to collect 

comprehensive data by only interviewing some key-informants (representatives of the 

municipalities, railway tracks and utility lines) since they are aware of a lot of damage due to 

landslides throughout the municipalities and/or region. For private properties and particularly for 

houses, it is much more time consuming to collect information about all landslide damage because 

this would require interviews with several hundreds of household owners. In such circumstances, 

one can opt either to randomly select a statistically representative sample of private property owners 

in the LS areas or to select a number of damage cases typical for the region. The latter option has 

been chosen since, for estimating the real estate value loss it appeared to be very difficult, even 

almost impossible, to collect data for a statistically meaningful sample of houses sold in the LS 

areas and this because of issues related to protection of the privacy. Consequently, the hedonic 
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pricing method could not be used. In such circumstances, a good alternative is to work with 

estimates of notaries and real estate agents to assess the decrease in real estate values. Notaries and 

real estate agents operating in the study area are involved in several transfers of properties located 

inside and outside the LS areas. Based on the numerous sales they have witnessed, they can provide 

an average decrease in real estate value due to a house’s location inside a LS area without releasing 

any personnel information about the seller or buyer. Only few notaries and real estate agents have 

been interviewed, but since their estimates are based on several property transfers in the study 

region, this seems justified.  

It was assumed that all houses, pastures and forests located within a LS area got damaged 

during their lifetime, i.e. during the period that a house or pasture is on average owned by one 

person/farmer or (farming) household or during the period a forest can be logged. This assumption 

is justified for several reasons. First, dendrochronological analysis as well as the recent interviews 

learned that the deep-seated landslides are less dormant than they seem to be (reactivations under 

forests seem to appear on average every two years) and that also shallow landslides are rather active 

(Van Turnhout et al., 2012). Consequently, it is reasonable to assume that private properties located 

within a LS area got damaged at least once during their lifetime. In case of forests, it is clear that 

once growth anomalies emerge due to the occurrence or reactivation of a landslide, this cannot be 

repaired and the forest production value reduces permanently. In the case of houses it appeared that 

damage typically re-appeared only a few years after previous damage was repaired or even after 

prevention measures were taken. Therefore, after a few unsuccessful attempts to profoundly repair 

and prevent landslide-related damage, homeowners will conduct only a limited number of rather 

superficial repair or prevention measures so that the functionality of the house is not jeopardized. In 

addition, landslide susceptibility maps are publicly available for the study area. All this makes that 

the real estate value of houses located in a LS area will be reduced permanently. This hypothesis 

was confirmed during field work. For example, one of the interviewed homeowners (case study 6) 

carried out some repair and prevention measures, but those measures were never effective and the 
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owners finally decided to sell the house (and the sales price was considerable less than the price 

they paid to buy the house). The interviews learned that the measures carried out by farmers to 

repair or prevent landslide damage in grasslands were also not effective so that after one or two 

unsuccessful repair or prevention attempts they cease using part of their pasture. For example, one 

interviewed farmer installed a drainage system to prevent landslide damage but this measure was 

ineffective and only three years after the installation of the drainage system, a new landslide 

occurred rendering part of the pasture land not usable. The farmer then decided to refrain from 

repairing the damage caused by landslide reactivations and now rents in additional pasture land. 

Another farmer also carried out ground works (i.e. filling of the depressions by soil) to repair the 

damage to his pasture twice in a 5-year period.  However, the pasture got damaged again and 

therefore also this farmer refrained from repairing it and he now rents in additional pasture land.  

To estimate the production value loss of forests and pastures located in a LS area, damage 

was assessed for different scenarios about the percentage of trees or pasture land that could no 

longer be logged or used due to its location in a LS area. The production value losses were 

estimated for the scenarios that were observed most frequently during the field research. It was 

difficult to point out one particularly dominant scenario, therefore it was decided to provide the 

range in which the production value losses to forests and pastures lie.  

For valuing the change in forest and pasture ecosystem services, we rely on benefit transfer. 

The valuation function that is transferred to our study region is based on an extensive number of 

valuation studies that have been conducted in different types of regions in Flanders (e.g. forests, 

heathland, grassland, reed and marsh land and open water) and that use different stated preference 

different technique such as contingent valuation methods and choice experiments (Liekens et al., 

2010). Consequently, the valuation function that is used to transfer benefits can be considered as 

robust so that one can obtain a good estimate of the change in amenity value of forests and pastures 

due their location inside a LS area. 
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The analysis does not include damage that is related to the increased probability of accidents 

and the interruption of rail and road transport. In the case of railway lines, this is justified because 

all prevention measures are done in such a way that railway traffic is not interrupted. In the case of 

roads, this assumption is justified because damaged roads are mainly secondary roads with limited 

traffic and those roads were interrupted only for a few days or weeks maximum. Hence, this did not 

lead to congestion. In addition, due to the high road density in Flanders, there were always 

alternative routes in the neighbourhood of the damaged road that could be used by car drivers. 

In summary, a methodology to assess landslide-related damage in which different estimation 

techniques are combined, is developed in this paper. The discussion above makes it clear that this 

methodology allows to quantitatively assess direct and indirect landslide damage to public 

infrastructure and private properties in a relatively time efficient way because only a limited number

of interviews has to be conducted and a few secondary data need to be gathered. Unfortunately, due 

to the prospective character of the estimation of the real estate value loss of houses and the 

production value loss of forests and pastures, and due to the use of case studies typical for the type 

of damage to houses in the study region, a range in which the damage costs would fall was given 

rather than a precise estimate.  

7 CONCLUSIONS 

This study aims at developing a methodology to estimate the overall direct and indirect 

damage caused by landslides in low-relief areas in Belgium . In particular, the study focuses on 27 

municipalities (2 910 km² in total) affected by landslides located in or nearby the Flemish 

Ardennes, a region West of Brussels (Belgium) and in which previous studies identified 291 areas 

(917 ha in total) where landslides occurred in the past (Van Den Eeckhaut et al., 2005; 2007a; 

2011). We combine two economic valuation methods and use data collected in semi-structured and 

focus interviews. On the one hand, we estimate the decrease in the real estate value of houses and in 
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the production value of forests and pastures, due to their location in areas with a high landslide 

susceptibility. On the other hand, we estimate the costs to repair and prevent damage to private 

buildings and public infrastructure which is caused by the occurrence of landslides. An overview of 

the economic damage due to the occurrence of landslides is given in table 8. The real estate and 

production value loss is estimated for different damage scenarios. It becomes clear that the indirect 

landslide damage is more than four times larger than the direct damage (assessed based on the 

repair costs). As such, the study confirms, in line with other studies, that the restoration method 

provides a lower limit for the willingness to pay for reductions in landslides and that an assessment 

relying only on the restoration method underestimates landslide-related damage (Pearce et al., 

2006). The average indirect annual damage to houses due to their decrease in real estate value and 

the prevention measures carried out is by far the largest (877 980 €/year + 1 129 395€/year = 2 007 

375 €/year). Economic costs to prevent damage to roads and railway lines augments to respectively 

495 746 € and 456 782 € on average per year, and as such they are ranked as the second and third 

most important cost items and are also responsible for the high share of indirect damage.  

A comparison of land use within the area and the damage caused to the different land use 

types indicates that a minority of land is used for dwellings, roads and railway lines, but that these 

land use types are responsible for the majority of the damage due to the occurrence of landslides 

(Figure 5). As such, this study shows that, although the LS area is small relative to the entire study 

area, the damage caused by the occurrence of landslides is considerable and this is mainly due to 

construction of roads and railway lines through the LS area or allowing the construction of houses 

in the LS areas . On the other hand, if landslides occur under a forest or pasture, the societal benefits 

due to the increase in amenity and non-use vale arising from the increased biodiversity outweigh the 

production value losses of forests and pastures located in a LS area. Hence, this study clearly 

informs about the costs and benefits associated with certain land use types in LS areas and such 

information can be particularly useful for regions, such as the study area, in which increasing 

demand for building land pressures government officials and (local) political leaders to expand the 
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built environment. Increasing the built environment clearly comes with very large direct and 

indirect costs which are not proportional to the increase in built environment. On the other hand, 

maintaining forest and pasture land in LS areas creates some net benefits which are highly valued 

because not only the demand for houses but also the demand for recreational experiences is rather 

high in densely populated areas.  

8 REFERENCES  

Baguis, P., Roulin, E., Willems, P., Ntegeka, V. (2010) Climate change scenarios for precipitation 

and potential evapotranspiration over central Belgium. Theoretical and applied climatology, 99 

(3-4): 273-286. 

Cardinali, M., Reichenbach, P., Guzetti, F., Ardizzone, F., Antonini, G., Galli, M., Cacciano, M., 

Castellani, M., Salvati, P., 2002. A geomorphological approach to the estimation of landslide 

hazards and risks in Umbria, Central Italy. Natural Hazards and Earth System Sciences 2, 57-72 

Carrara A. , Cardinali M., Guzzetti F. Reichenback P. (1995). GIS technology in mapping landslide 

hazard, in: A. Carrara and F. Guzzetti (Eds.). Geographical Information Systems in Assessing 

Natural Hazards. Kluwer Acad. Publ., Dordrecht, pp. 135-176. 

Crozier M J (1986) Landslides: causes, consequences & environment. Croom Helm, Dover. 

Demoulin A., Glade, T. (2004) Recent landslide activity in Manaihan, E Belgium. Landslides, 1: 

305-310. 

Dewitte O., Chung, C.J., Demoulin, A., 2006. Reactivation hazard mapping for ancient landslides in 

West Belgium. Natural Hazards and Earth System Sciences 6: 653-662. 

Dombercht, M., Heremans, D., Plasschaert, S., Vanneste, J., (2005) Geld en financiewezen. België 

in het Eurogebied. Vijfde editie. De Boeck nv. Antwerpen.  

EOS (2009) White Paper. A Global European Approach for Energy Infrastructure Protection and 

Resilience, pp. 31 

EWCII, ONU, ISDR (2003) Europe, Regional consultation in preparation for the second 

International conference on early warning (EWCII), E. J. Plate, ISDR - International strategy for 

disaster reduction  

Featherstone, A.M. and T.G. Baker (1988) The Effects of Reduced Price and Income Supports on 

Farmland Rent and Value. North Central Journal of Agricultural Economics 10(1):177-90.  

FOD Economie (2011) Bouw en industrie – Verkoop van onroerende goederen (1985 – 2011) – per 

kwartaal – per provincie. 

Ghosh, S., van Westen, C.J., Carranza, E.J.M., Jetten, V.G. (2012) Integrating spatial, temporal and 

magnitude probabilities for medium - scale landslide risk analysis in Darjeeling Himalayas, India. 

Landslides 9 (3): 371-384. 

Gibson, A.D., Culshaw, M.G., Dashwood, C. , Pennington, C.V.L. (2012) Landslide management 

in the UK—the problem of managing hazards in a ‘low-risk’ environment. Landslides, 

forthcoming. 

Glade T (1998) Establishing the frequency and magnitude of landslide-triggering rainstorm events 

in New Zealand. Environmental Geology 35(2-3): 160-174.  

Glade, T., Crozier, M.J. (2005). The nature of landslide hazard impact. In: Glade, T., Anderson, 

M.G., Crozier, M.J. (eds.) Landslide hazard and risk. John Wiley, Chichester, pp. 43-74. 



28

Guzzetti F, Carrara A, Cardinali M, Reichenbach P (1999) Landslide hazard evaluation: a review of 

current techniques and their application in a multi-scale study, Central Italy. Geomorphology 31: 

181-216.  

Hamilton, M. J. (2007) Coastal landscape and the hedonic price of accommodation. Ecological 

Economics., 62: 594–602.  

Hilton, R., G., Meunier, P., Hovius, N., Bellingham, P.J., Galy, A. (2011). Landslide impact on 

organic carbon cycling in a temperate montane forest. Earth Surface Processes and Landforms, 

36(12): 1670-1679 

Holcombe E., Smith, S., Wright, E., Anderson, M. G. (2012). An Integrated Approach for 

Evaluating the Effectiveness of Landslide Risk Reduction in Unplanned Communities in the 

Caribbean. Natural Hazards 61: 351-385 

Lee, E.M., Jones, D.K.C. (2004) Landslide risk assessment. Thomas Telford, Londen, pp. 454. 

Li C., Ma T., Sun L., Li W. Zheng A. (2012) Application and verification of a fractal approach to 

landslide susceptibility mapping. Natural Hazards 61: 169-185 

Liekens I., Schaafsma M., Staes J., Brouwer R., De Nocker L., Meire P. (2010). Economische 

waardering van ecosysteemdiensten, een handleiding. Studie in opdracht van LNE, afdeling 

milieu-, natuur- en energiebeleid, maart 2010 

Maekelberg, W., 2011. Het GEN-project: Uitbreiding Lijn 50A Brussel – Denderleeuw. Hydro-

geologische impact op de werken, presentatie TUC RAIL.  

Markantonis, V.,  Meyer, V., Schwarze, R. (2012) Valuating the intangible effects of natural 

hazards – review and analysis of the costing methods. Natural Hazards and Earth System 

Sciences, 12: 1633-1640 

Mendelsohn, R., Saher, G. (2010) “The Global Impact of Climate Change on Extreme Events.” 

Background paper for the WB/UN report “Natural Hazards, UnNatural Disasters”. 

OECD (2000) The Economic Appraisal of Environmental Projects and Policies: A Practical Guide. 

OECD publishing, Paris, France. 

OECD (2003) Emerging Systemic Risks in the 21st Century. An Agenda for Action, OECD 

publishing, Paris, France, pp. 290. 

Papathoma M., Dominey-Howes D. (2003) Tsunami vulnerability assessment and its implications 

for coastal hazard analysis and disaster management planning, Gulf of Corinth, Greece, Natural 

Hazards and Earth, System Sciences, 3: 733–747. 

Papathoma-Köhle M., Neuhauser B., Ratzinger K., Wenzel H., Dominey Howes D. (2007) 

Elements at risk as a framework for assessing the vulnerability of communities to landslides, 

Natural Hazards and Earth System Sciences, 7: 765–779. 

Pearce D, Atkinson G, Mourato S (2006) Cost-Benefit Analysis and the Environment, Recent 

Developments. OECD Publishing, Paris, France. 

Petrucci, O., Polemio, M., Pasqua, A.A. (2008) Analysis of Damaging Hydrogeological Events: 

The Casse of the Calabria Region (Southern Italy). Environmental Management, 43(3): 483-495.  

Petrucci, O., Gulla, G. (2010) A simplified method for assessing landslide damage indices. Natural 

Hazards, 52(3): 539-560. 

Perman, R., Ma, Y., Common, M., Maddisson, D., McGilvray, J. (2011) Natural Resource and 

Environmental Economics, 4th edn. Pearson Education Limited, Edinburgh.  

Poelmans, L., Van Rompaey, A. (2010) Detecting and modelling spatial patterns of urban sprawl in 

highly fragmented areas: A case study in the Flanders-Brussels region. Landscape and Urban 

Planing, 93(1): 10-19 

Proost, S., Rousseau, S. (2007) Inleiding tot de milieueconomie. Eerste editie. Acco, Leuven.  

Puissant, A., Van Den Eeckhaut, M., Malet, J.-P., Maquaire, O., Hervás, J. (2012) Regional-scale 

semi-quantitative consequence analysis of landslide hazards: application to the Barcelonnette 

Region, Southern France. Natural Hazards and Earth System Sciences, forthcoming 

Rossi, M., Guzzetti, F., Reichenbach, P., Mondini, A.C., Peruccacci, S., (2010) Optimal landslide 

susceptibility zonation based on multiple forecasts. Geomorphology 114: 129-142. 



29

Restrepo, C ; Walker, LR ; Shiels, AB ; Bussmann, R ; Claessens, L ; Fisch, S ; Lozano, P ; Negi, G 

; Paolini, L ; Poveda, G ; Ramos-Scharron, C ; Richter, M ; Velazquez, E. (2009). Landsliding 

and Its Multiscale influence on Mountainscapes. Bioscience, 59(8), 685-698 

Saunders, M., Lewis, P., Thornhill, A. (2009) Research Methods of Business Students. Pearson 

Education Limited, Essex. 

Schuster R L (1995b) Keynote paper: recent advances in slope stabilization. In: Bell (ed.) 

Landslides. Balkema, Rotterdam, pp 1715-1745. 

Schuster R L (1996) Socioeconomic significance of landslides. In: Turner A K, Schuster R L (eds) 

Landslides, Investigation and Mitigation. National Academy Press, Washington D C, pp 12-35. 

Schuster R L, Fleming R W (1986) Economic losses and fatalities due to landslides. Bulletin of the 

International Association of Engineering Geology 23(1): 11-28. 

Silva Belgica, (2010), Tijdschrift van de Koninklijke Belgische Bosbouwmaatschappij, Herfst-

Winter editie nr 4, pp. 56. 

United Nations, 2005. Hyogo framework for action 2005–2015: Building the resilience of nations 

and communities to disasters. World Conference on Disaster Reduction in Kobe, Japan, 18-22 

January 2005, pp. 23. 

United Nations Food and Agricultural Organisation (1990) The community's toolbox: The idea, 

methods and tools for participatory assessment, monitoring and evaluation in community 

forestry. United Nations Food and Agricultural Organisation, Rome 

Vanacker V., Vanderschraeghe, M., Govers G., Willems, E., Poesen, J., Deckers, J., De Bievre, B. 

(2003) Linking hydrological, infinite slope stability and land-use change models through GIS for 

assessing the impact of deforestation on slope stability in high Andes watersheds. 

Geomorphology 52: 299-315. 

Van Den Eeckhaut M, Poesen J, Verstraeten G, Govers G (2005) Verkennende studie met 

betrekking tot massabewegingen in de Vlaamse Ardennen. Deel I: Studiegebied, literatuurstudie, 

inventarisatie en classificatie (+steekkaarten), statistische en ruimtelijke analyse en methodologie 

voor het ontwerp van een risicokaart. Rapport in Opdracht van de Vlaamse Gemeenschap, 

AMINAL, Afdeling Land, Brussel. 

Van Den Eeckhaut M, Vanwalleghem T., Poesen J., Govers G., Verstraeten G., Vandekerckhove L. 

(2006) Prediction of landslide susceptibility using rare events logistic regression: A case-study in 

the Flemish Ardennes (Belgium). Geomorphology 76: 392–410 

Van Den Eeckhaut M, Poesen J, Verstraeten G (2007a) Vervolgproject – Opstellen van een 

gevoeligheidskaart met betrekking tot grondverschuivingen voor de Vlaamse Ardennen. Rapport 

in opdracht van Vlaamse Overheid, Departement Leefmilieu, Natuur en Energie, Afdeling Land 

en Bodembescherming, Ondergrond, Natuurlijke Rijkdommen, Brussel. 

Van Den Eeckhaut M, Poesen, J, Dewitte O, Demoulin A, De Bo H, Vanmaercke-Gottigny M C 

(2007b) Reactivation of old landslides: lessons learned from a case-study in the Flemish 

Ardennes (Belgium). Soil Use and Management 23: 200-211. 

Van Den Eeckhaut M, Poesen J (2009) Uitbreiding (fase 3) van de gevoeligheidskaart voor 

grondverschuivingen in Vlaanderen, Rapport in opdracht van Vlaamse Overheid, Departement 

Leefmilieu, Natuur en Energie, Afdeling Land en Bodembescherming, Ondergrond, Natuurlijke 

Rijkdommen, Brussel. 

Van Den Eeckhaut M, Muys B, Van Loy K, Poesen J ,Beeckman H (2009) Evidence for repeated 

re-activation of old landslides under forest. Earth Surf Process Land 34:352-365. 

Van Den Eeckhaut, M., Poesen, J., Vandekerckhove, L., Van Gils, M., Van Rompaey, A., (2010) 

Human-environment interactions in residential areas susceptible to landsliding: the Flemish 

Ardennes case-study. Area, 42 (3): 339–358. 

Van Den Eeckhaut M, Poesen J, Gullentops F, Vandekerckhove L, Hervás J (2011) Regional 

mapping and characterisation of old landslides in hilly regions using LiDAR-based imagery in 

Southern Flanders. Quat Res 75: 721-733. 



30

Van Turnhout, P., Vranken, L., Poesen, J. (2012). Inventarisatie van ernstige schade door 

grondverschuivingen, oorzaken en remediërende maatregelen in zuidelijk Oost- en West-

Vlaanderen en Vlaams-Brabant. Rapport in opdracht van Vlaamse Overheid, Departement 

Leefmilieu, Natuur en Energie, Afdeling Land en Bodembescherming, Ondergrond, Natuurlijke 

Rijkdommen, pp. 200. 

van Westen, C.J., van Asch, T.W.J.,  Soeters, R. (2006) Landslide hazard and risk zonation - why is 

it still so difficult? Bulletin of Engineering Geology and the Environment, 65(2):167-184. 

Wang X, Gao L, Shinfuku N, Zhang H, Zhao C, Shen Y (2000) Longitudinal Study of Earthquake-

Related PTSD in a Randomly Selected Community Sample in North China. Am J Psychiatr 

157(8): 1260-1266. 

Whitaker, J.(2006) The Effects of Decoupled Government Subsidies on Farm Household Well-

Being. Department of Economics, Utah State University.  

World Bank, United Nations (2010). Natural Hazards, UnNatural Disasters. The Economics of 

Effective Prevention. 

Zêzere, J.L., Garcia R.A.C., Oliveira S.C., Reis E. (2008) Probabilistic landslide risk analysis 

considering direct costs in the area north of Lisbon (Portugal). Geomorphology, 94(3-4), pp. 467-

495. 

Acknowledgements 

The authors are grateful to the members of the steering committee of the project “Inventarisatie van 

ernstige schade door grondverschuivingen, oorzaken en remediërende maatregelen in zuidelijk 

Oost- en West-Vlaanderen en Vlaams-Brabant” , the civil servants of the municipalities in the study 

area, the owners and providers of utilities as well as the interviewed notaries, real estate owners and 

agents for their useful input and comments. 

  



31

Figure 1 Location of study area (2 910 km²) in Belgium 
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Figure 2 Location of the landslides in the study area based on Van Den Eeckhaut et al., 2010 
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Figure 3: Illustration of damage types caused by landslides to (A) house – small damage; 

(B&C) house – large damage; (D) forest; (E&F) pasture; (G) road – small damage; (H&I) 

road – large damage 
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Figure 4: Estimated value loss of houses per municipality due to landsliding
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Figure 5: Distribution of landslide (LS) area and damage over land use types 
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Table 1: Classification of land use within landslide (LS) areas 

Area (ha)

Study area 291 000

Area where landslides occurred 917   0.3% of study area

LS area covered with woodland 360 39.3% of LS 

LS area covered with pastures 270 29.4% of LS 

LS area covered with roads 10 1.1%   of LS 

LS area covered with railways 1 0.1%   of LS 

LS area covered with dwellings and 10 1.1%   of LS 

LS area covered with other land use 266 29.0% of LS 
Source: Van Den Eeckhaut et al., 2005, 2007 en 2009a; own calculation. 
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Table 2: Overview of the semi-structured and focus interview 

Semi-structured interviews with Nr of Interviews 

Civil servants of municipalities 19 

Water companies 2 

Electricity provider 1 

Private property owners 

   Of which homeowners 

   Of which farmers 

10 

   7 

   3 

Focus interviews with representative of 

TUC Rail, Engineering and project management office specialised in rail infrastructure 

Aquafin, Office for Management of Municipal sewage system 

University of Leuven, Division Forestry, Nature and Landscape 

Flemish Department Mobility and Public Works, Division Technical Support 

Regional Department Environment, Nature and Waterways, Division Provincial Nature Domains 
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Table 3: Cost to repair roads and appurtenances damage due to a landslide occurrence, 2001-

2011 (2011 value in €) 

Costs made to repair damage since 2001 

Damage to roads 719 507 

Damage to road appurtenances 95 143 

Costs to repair existing damage Mode of repair 

New toplayer New toplayer+foundation 

Damage to roads 98 641 669 318 

Damage to road appurtenances 13 357 17 866 

Total cost of repair 926 648 1 501 834 

Source: Own calculation based on interviews; Flemish Government, Department Mobility and 

Public  works, Technical Support Division. 
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Table 4: Cost to repair and prevent damage to utility lines due to a landslide occurrence, 

1981-2011(2011 value in €) 

 Cost of repair Cost of preventive measures 

Electricity  7 067 1 741

Gas  10 000 not available

Water  251 638 19585

Sewerage  210 827 68994

Phone  45 968 none 

Total  525 500 90 320

Source: Own calculation based on interviews; Flemish Government, Department Mobility and 

Public  works, Technical Support Division. 
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Table 5: Costs to repair and to prevent landslide-related damage to private houses  

(2011 value in €) 

Total cost of 

repair and 

prevention (€) 

Cost of 

prevention (€) 

Share of 

prevention in 

total cost (%) 

Cost of repair 

(€) 

Share of repair 

in total cost 

(%) 

Case study 1 1483 73 5 1411 95.1

Case study 2 12397 7333 59 5064 40.8

Case study 3 36164 859 2 35305 97.6

Case study 4 37726 35325 94 2401 6.4

Case study 5 50632 45748 90 4884 9.6

Case study 6 65003 na na na na

Case study 7 87621 75220 86 12401 14.2

Na = not available 

Source: Semi-structured interviews with homeowners 



41

Table 6: Production value loss and societal (ecosystem service) benefits of forests due to the 

occurrence of landslides (2011 value in €) 

Trees 

logged and 

sold as fire 

wood 

(%) 

Yearly 

value loss 

(€) 

Production 

value loss 

over 

logging 

lifetime  

(110 years) 

High 

Biodiversity 

Forest 

 (%) 

Yearly 

increase in 

amenity 

value  

(€) 

Amenity 

value 

increase 

over 

logging 

lifetime  

(110 years) 

Scenario 1 100 11 997 282 265 0 0 0

Scenario 2 75 26 466 622 692 25 31 070 731 014

Scenario 3 50 40 936 963 141 50 62 140 1 462 029

Scenario 4 0 69 875 1 644 018 100 124 279 2 924 034

Value over logging lifetime = �
�������	��
������������

����������
���
���   

Source: Own calculation based on interviews, Silva Belgica, 2010; Oral communication with prof. 

B. Muys; Liekens et al., 2010 
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Table 7: Production value loss and societal (ecosystem service) benefits of pastures due to the 

occurrence of landslides (2011value in €) 

Yearly production value 

loss 

Value 

loss over 

a 

farmer’s 

lifetime 

(45 years)

Yearly 

increase 

in 

amenity 

value 

Amenity value 

increase over a 

farmer’s lifetime 

(45 years) 

Scenario 1 (10% unusable) 6 993 143 033 7 803 159 600

Scenario 2 (25% unusable) 17 483 357 592 19 509 399 031

Scenario 3 (50% unusable) 34 965 715 163 39 017 798 041

Value over logging lifetime = �
�������	��
������������

����������
���
���   

Source: Own calculations based on interviews; FOD Economie, 2010; Liekens et al., 2010 



Table 8: Overview of economic damage due to the occurrence of landslides in a low-relief area (case study from Flanders)  

(Total area = 2910km²; LS area = 9.17km²) 

Direct Damage: Repair Costs Period Cost (€) Annual cost (€/year) Average annual 

cost (€/year) 

Roads: Repaired damage 2001-2011 (10 years) 814 650 81 465 81 465 

Roads: Existing damage 2001-2011 (10 years) 111 998 - 687 184 11 200 - 68 718 39 959 

Utility lines� 1981-2011 (30 years) 479 532 15 984 15 984 

Private Properties (houses) 1991-2011 (20 years) 846 600 - 21 183 000 42 330 - 1 059 150 550 740 

Total Direct Damage – Annual equivalent 688 148�

Indirect damage: Prevention Costs Period Cost (€) Annual cost (€/year) Average annual 

cost (€/year) 

Roads 1981-2011 (30 years) 14 872 380 495 746 495 746 

Railway 2001-2011 (10 years) 4 567 822 456 782 456 782 

Utility Lines� 1981-2011 (30 years) 90 403 3 013 3 013 

Private Properties (houses) 1991-2011 (20 years) 43 800 - 45 132 00 2 190 - 2 256 600 1 129 395 

Total Prevention Costs 2 084 936�

Indirect damage: Real Estate and 

Production Value loss

Period Estimated value loss  

(€) 

Annual value loss (€/year) Average annual 

loss (€/year)* 

Houses Life cycle (50 years) 20 658 360 -  67 139 670 413 167 - 1 342 793 877 980 

Forest Logging cycle (110 years) 282 265 - 1 644 018 11 997 - 69 875 37 319 

Pastures 45 years 143 033 - 715 163 6 993 - 34 965 19 814 

Total Value Loss    935 113 

Total Indirect Damage – Annual Equivalent 3 020 049 

Societal Benefits: Amenity Value Increase Period Estimated value increase  

(€) 

Annual value loss (€/year) Average annual 

increase (€/year)* 

Forest Logging cycle (110 years) 0 - 2 924 034 0 - 124 279 54 372 

Pastures 45 years 159 600 - 798 041 7 803 - 39 017 22 110 

Total Societal Benefits – Annual Equivalent 76 482 

Source: Own calculation based on interviews; Flemish Government, Department Mobility and Public  works, Technical Support Division; FOD 

Economie, 2010; Silva Belgica, 2010; Oral communication with prof. B. Muys; Liekens at al., 2010 

*Average annual loss/increase is calculated based on the yearly loss/increase for each scenario (see table 6 and 7) 


