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Abstract 
Rainfall-induced debris flows frequently cause disruption to the Scottish road network. A regional 
assessment of debris flow hazard and risk allows risk reduction actions to be targeted effectively. To 
this end a strategic approach to landslide risk reduction, which incorporates a classification scheme for 
landslide management and mitigation has been developed, in order to provide a common lexicon (or 
group of words) that can be used to describe goals, outcomes, approaches and processes related to risk 
reduction, and to allow a clear focus on those goals, outcomes and approaches. The focus is thus first 
on the desired outcome from risk reduction: whether the exposure, or vulnerability, of the at-risk 
infrastructure and people (and their associated socio-economic activities, which may be impacted over 
significant areas) is to be targeted for reduction or whether the hazard itself is to be reduced (either 
directly or by affecting the physical elements at risk). This paper describes the strategic approach in 
the context of perhaps Scotland’s most active debris flow site, the Rest and be Thankful on the A83 
strategic road. 
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1 Introduction 
Rainfall-induced debris flow events often affect the Scottish strategic road network. After a 

particularly severe series of events (Winter et al., 2006; Milne et al., 2009) the Scottish Road Network 
Landslides Study (SRNLS) was commissioned with the overall purpose of ensuring that the hazards 
posed by debris flows were systematically assessed and ranked allowing sites to be effectively 
prioritized within available budgets (Winter et al., 2005). The hazard and risk assessment comprised 
three phases: 

  A pan-Scotland, GIS-based, assessment of debris flow susceptibility; 
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 A desk-/computer-based interpretation of the susceptibility and ground-truthing to 
determine hazard; 

 A desk-based exposure analysis, primarily focusing on life and limb risks, but also 
accounting for socio-economic impacts (traffic levels, and the existence and complexity of 
the detour were used to estimate these impacts). 

These phases were used to determine the locations of sites of highest hazard ranking (risk) (Winter 
et al., 2009; 2013a). As part of the SRNLS Winter et al., 2009) an approach to the management and 
mitigation of landslides was developed. This allowed for both: 

 Relatively low-cost exposure reduction (management) measures that can be applied 
extensively;  

 Relatively high-cost hazard reduction (mitigation) that are targeted at specific sites. 

In order to facilitate a strategic approach to landslide management and mitigation a structured 
classification scheme has been developed (Winter, 2014). This focusses on the overall goal of 
landslide risk reduction before homing in on the desired outcomes and the generic approach to 
achieving those outcomes. Only then are the processes that may be used to achieve those outcomes 
(i.e. the specific management and mitigation measures and remedial options) addressed. A top-down, 
rather than a bottom-up, approach is thus targeted. This scheme provides the main focus of this paper, 
drawing on the example of the A83 Rest and be Thankful site (Winter et al., 2009) to illustrate how 
this approach may be applied strategically. The Rest and be Thankful is perhaps the most active debris 
flow site in Scotland and has a significant effect on the operation of this part of the strategic road 
network. The site is located in the eastern part of Argyll, in the west of Scotland, and to the north-west 
of Glasgow and to the west of Loch Lomond. 

While other forms of landslide are extant in Scotland most, with the exception of rock fall, rarely 
impinge on infrastructure. However, it is important to note that the principles put forward in this 
paper, if not the detailed examples, can be equally applied to other forms of landslide and, indeed, to 
other forms of geohazards, as well as other elements at risk. 

2 Management and Mitigation 
A regional landslide hazard and risk assessment enables the prioritization of sites potentially 

subject to risk reduction, in the light of defined budgets. However, it is important to note that it is only 
in cases for which the risk is deemed to be  greater than that which is tolerable, or greater than the 
level at which the risk holder is willing to accept (Winter & Bromhead, 2012), that risk reduction is 
required.  There are many forms of landslide mitigation (VanDine, 1996). However, to reduce 
landslide risk to acceptable levels, either the potential exposure (or vulnerability) or losses that are 
likely to arise as a result of an event, and/or the magnitude of the hazard, must be addressed. Thus 
management strategies involve exposure reduction outcomes and mitigation strategies involve hazard 
reduction outcomes (Figure 1). Further, it is important that those funding such works, including 
infrastructure owners and local governments, are able to focus clearly on goals of, the outcomes from, 
and the approaches to such activities rather than the details of individual processes and techniques. 

To this end a strategic approach to landslide risk reduction (Figure 1), which incorporates a 
classification scheme for landslide management and mitigation was developed, to provide a common 
lexicon (or group of words) that can be used to describe goals, outcomes, approaches and processes 
related to risk reduction, and to allow a clear focus on those goals, outcomes and approaches.  

It is designed to encourage a strategic approach to the selection of landslide management and 
mitigation processes (specific measures and remedial options). It is intended to aid a focus on the 
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overall goal of landslide risk reduction, what needs to be achieved (the desired outcomes) and the 
generic approach to achieving that outcome rather than, initially at least, the specific measure or 
options (the process or processes) used to achieve that outcome. The focus is thus first on the desired 
outcome from risk reduction: whether the exposure, or vulnerability, of the at-risk infrastructure and 
people (and their associated socio-economic activities, which may be impacted over significant areas) 
is to be targeted for reduction or whether the hazard itself is to be reduced (either directly or by 
affecting the physical elements at risk). In a road environment the people at risk are road users, 
whereas in an urban setting they are residents and business people. The secondary focus is then on the 
approach(es) to be used to achieve the desired outcome before specific measures and remedial options 
are considered. By this means a more strategic top-down approach is encouraged rather than a bottom-
up approach. 

 

 
Figure 1: Classification for landslide management and mitigation to enable a strategic approach to risk reduction 

This approach also provides a common lexicon for the description and discussion of landslide risk 
reduction strategies, which is especially useful in a multi-agency environment. It also renders a multi-
faceted (holistic) approach more viable and easier to articulate while helping to ensure appropriate 
responses to the hazard and risks. This approach should be especially useful for infrastructure owners 
and operators who must deal with multiple landslide, and other, risks, distributed across large 
networks. Such an approach promotes a considered decision-making process that takes account of both 
costs and benefits. It also encourages careful consideration of the right solution for each location and 
risk profile, potentially making best use of limited resources. 

In the following sections approaches, specific measures and remedial options (processes) are 
described largely, although not exclusively, in the context of landslide hazard and risk management 
and mitigation on the Scottish trunk road network and specifically in the context of the important A83 
Rest and be Thankful site (Figures 2 and 3). 
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3 Exposure Reduction (Management) 
Exposure reduction can take three basic forms: 

(1) education (and  information); 
(2) geographical (non-temporal) warnings;  
(3) response (including temporal, or early, warnings). 

 

 
Figure 2: The Rest and be Thankful site, October 2007, showing the A83 strategic road with the Old Military 

Road (OMR) below 
 

Typically education in its broadest sense may form a key part of an information strategy. It may 
comprise leaflets, or other forms of communication, that are distributed in both electronic and hard 
copy. The hardcopy also may be available at rest areas for risks that relate to roads, and in retail 
outlets for landslide risks in urban settings. In addition, information boards may be provided in scenic 
rest areas, where they can be easily accessed by the public (as well as electronically). The interpretive 
goals embedded within the communications strategy are critical to success. These should be specific to 
the setting and desired outcomes, but may for example consider the development of the landscape 
(including geological, geomorphological and anthropogenic processes) and set the landslide 
consequence within that overall picture. 
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Figure 3: The strategic approach to landslide risk reduction as applied at the A83 Rest and be Thankful 

 
Considerable effort has been expended in raising the awareness of landslide issues amongst both 

relevant professionals, including road operators, and the public in Scotland. This has taken the form of 
public lectures and talks, media appearances and the development of advisory leaflets which may be 
accessed from the Transport Scotland website. In addition a programme to develop information signs 
for rest areas, lay-bys and National Park Gateways is under development. These signs are intended to 
set the issues surrounding landslide hazards in a balanced context. These types of activities are 
unlikely to affect the exposure of road users but may, of course, influence society’s view of the 
acceptable level of risk. However, education and information relating to desirable behaviours of, for 
example, drivers in areas of landslide hazard during periods of higher risk (Winter et al., 2013b) is 
intended to influence those desirable behaviours. These behaviours include heightening the levels of 
observation, moderating speeds and excluding certain stopping locations such as bridges in order to 
avoid likely areas of hazard, and to encourage early observation and avoidance of potential hazards. 
This type of advice has been specifically incorporated into advisory leaflets circulated in the A83 Rest 
and be Thankful area and information boards are under development for key locations. 

Geographical warning signs may be used in a variety of environments, to demonstrate the presence 
of landslide hazards. In a road environment they usually follow the standard warning sign form and 
include a graphic representing rock fall. 

The responsive reduction of exposure lends itself to the use of a simple three-part management tool: 
Detection, Notification and Action (or DNA), providing a simple framework for management 
responses (Winter et al., 2005; Winter, 2014):  

 Detection of either the occurrence of an event (e.g. monitoring, observation) or by the 
forecast of precursor conditions (e.g. rainfall) (Winter et al., 2010); 

 Notification of the likely/actual occurrence of events to the authorities (e.g. in a roads 
environment the Police, the Road Administration and the road operator); 

 Action to reduce the exposure of the elements at risk to the hazard. In a road environment, 
this includes media announcements, the activation of geographical signs that also have a 
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temporal aspect (e.g. flashing lights) (Winter et al., 2013b), the use of variable message 
signs, ‘landslide patrols’ in marked vehicles, road closures, and traffic diversions. 

At the A83 Rest and be Thankful, the use of wig-wag warning signs has been pioneered to provide 
both a permanent geographical warning of the areal extent of higher landslide hazards and risks and 
also to allow an active warning to be implemented during periods of forecast and actual heavy rainfall 
and associated higher hazard and risk (Winter et al., 2013b); during periods of higher risk the top and 
bottom pairs of amber lights flash alternately (Figure 4). The wig-wag signs are particularly suited to 
environments in which debris flow events occur frequently and are not currently considered suitable 
for other parts of the road network in Scotland. 

 

 
Figure 4: Wig-wag signs in action in the A83 Rest and be Thankful 

4 Hazard Reduction (Mitigation) 
The challenge with hazard reduction in Scotland often is to identify locations of sufficiently high 

risk to warrant spending significant sums of money on engineering works. The costs associated with 
installing extensive remedial works over very long lengths of road may be both unaffordable and 
unjustifiable and even at discrete locations the costs can be significant. Moreover the environmental 
impact of such engineering work should not be underestimated. Such works often have a lasting visual 
impact and, potentially, impact upon the surrounding environment. Such works should be limited to 
locations where their worth can be clearly demonstrated. 

In addition, actions such as ensuring that channels, gullies and other drainage features are clear and 
operating effectively are important in terms of hazard reduction. This requires that the maintenance 
regime is both routinely effective and also responsive to periods of high rainfall, flood and slope 
movement. Planned maintenance and construction should take the opportunity to limit hazards by 
incorporating suitable measures including higher capacity/better forms of drainage, or debris traps into 
the design. Critical review of the alignment of culverts (etc.) normally should be carried out as part of 
any planned maintenance or construction activities 
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Beyond such relatively low cost/low impact options three categories of hazard reduction measures 
may be considered:  

(1) works to engineer, or protect the elements at risk; 
(2) remediation of the hazard to reduce failure probability;  
(3) removal, or evacuation, of the elements at risk. 

There are many means of engineering or protecting the elements at risk and this approach accepts 
that debris flows will occur and makes provision to protect the road, thus limiting the amount of 
material reaching the elements at risk. 

The potential structural forms for protection from debris flow include shelters, barriers and fences. 
Flexible fences absorb the kinetic energy of the debris flow, thus reducing the forces that the structure 
must accommodate. These systems have been shown to work well, particularly for the arrest of rock 
fall, but all such systems require maintenance after an impact. As part of works at the A83 Rest and be 
Thankful site, defined as one of the higher risk sites on the Scottish trunk road network (Winter et al., 
2009), fully flexible barriers have been installed (Figure 5a). 

 

 

Figure 5: A83 Rest and be Thankful (a) flexible debris flow fences; (b) OMR and traffic convoys during a period 
when the A83 is closed to traffic due to a debris flow, the A83 is to the left-centre and the OMR to the right-

centre of the image 

Debris basins are formed by large decant structures, incorporating a downstream barrier that retains 
debris but allows water to pass. They may be used in association with lined debris channels to move 
material downslope where potential storage areas on the hillside are limited; lined channels may be 
used in isolation if storage is limited on the hillside or available only at the foot of the slope. Rigid 
barriers such as check dams and baffles may slow and partially arrest flows within a defined channel, 
and on hillsides may protect larger areas where open hillside flows are a hazard and/or channelised 
flows may breach the stream course. VanDine (1996) gives design and use guidance for check dams 
and baffles, including low cost earth mounds. Rigid barriers and debris basins were built as debris 
flow defence structures at Sarno to the east of Naples in Italy following the events of May 1998 in 
which 159 people were killed (Versace, 2007), at a cost estimated at between €20M and €30M. 

Debris flows are dynamic in nature, often initiated on high hillsides, and fast moving when they 
reach the road. Their energy has a significant impact on the engineering works that can reduce the 
hazard to the road and its users. Indeed, while structures can be effective in slowing and arresting flow 
in the debris fan area, in Scotland many roads potentially affected by debris flow are located in the 
high energy transport zone or the upper reaches of the debris fan. Roads on debris fans are usually 
close to a loch (or lake) side and the opportunity for the use of these types of measures may be limited. 
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Landslide hazard remediation to reduce the probability of failure may involve alteration of the 
slope profile by either cut or fill, improvement of the material strength (most often by decreasing pore 
water pressures), or providing force systems to counteract the tendency to move (Bromhead, 1997). 

The engineering options applicable to prevent debris flow depend greatly upon the specific 
circumstances. Debris flows can be triggered from relatively small source areas, within very large 
areas of susceptible ground, and be initiated high on the hillside above the road. There may be 
particular conditions where conventional remedial works and/or a combination of techniques such as 
gravity retaining structures, anchoring or soil nailing may be appropriate. However, in general terms 
the cases where these are both practicable and economically viable are likely to be limited. The 
generic link between debris flows and intense rainfall is well-established and effective runoff 
management can reduce the potential for debris flow initiation; Winter et al. (2010) present 
information on the relation between rainfall and debris flow in Scotland. However, in many 
circumstances on-hill drainage improvement may have limited impact due to the small scale of many 
debris flow events. In other locations and situations positive action to improve drainage might well 
have a more beneficial effect. Such measures could include improving channel flow and forming 
drainage around the crest of certain slopes to take water away in a controlled manner. 

_Planting appropriate vegetation can contribute to the reduction of instability (Coppin & Richards, 
2007). Notwithstanding this, the positive effects of such measures can be difficult to quantify but 
include canopy interception of rainfall and subsequent evaporation, increased root water uptake, and 
transpiration via leaf cover, and root reinforcement. In addition, the life cycle of the vegetation planted 
must be considered as, depending upon the species, the climate and other conditions relevant to 
growth there may be a considerable period before the effects provide a meaningful positive effect on 
stability. In addition, future deforestation, or harvesting, must also be considered as this is widely 
recognised as a potential contributor to instability. Such measures do not provide instant solutions and 
may not always be effective in the long term, especially if commercial forestry is practised. The 
species planted must be appropriate to the local environment – the planting of non-native species is 
not allowed in most countries for example. However, the successful application of local knowledge 
and species can prove successful and a major planting exercise is planned as part of the long-term 
strategy for the A83 Rest and be Thankful site (Winter & Corby, 2012).  

Finally, the option of removing the elements at risk from the geographical location of the hazard 
remains. Typically this might involve the abandonment of a settlement (Coppola et al., 2009) or the 
realignment of an infrastructure route. It should, of course, be noted that decisions to adopt such 
extreme options are not taken in isolation. Road realignment might be undertaken as part of a road 
administration’s route improvement activities in order to upgrade both the alignment and the layout of 
junctions, in particular to reduce road traffic accident risk, and to ensure compliance with current 
design standards. In cases where the debris flow risk is high and other factors indicate that some 
degree of reconstruction is required, road realignment may be a viable option. While road realignment 
has been undertaken in response to landslide activity in Scotland, it was also in response to a genuine 
need for realignment of the route to increase safety and to ensure compliance with current design 
standards. More unusually the Old Military Road in Glen Croe, which is located downslope and 
therefore somewhat more distant from the hazards at the Rest and be Thankful, has been reopened as 
an emergency diversion route for periods during which the A83 strategic road is not available (Figures 
2 and 5b); during such periods an alternating, one-way convoy scheme is implemented. 
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5 Summary 
Rainfall-induced debris flows are frequent in Scotland and to assist in the allocation of resources a 

strategic approach to landslide risk reduction has been developed. It encourages a focus on what needs 
to be achieved (the desired outcome) and the approach to achieving that outcome, rather than, initially, 
the specific measure or remedial option (the process) implemented. The focus is thus on landslide risk 
reduction using management strategies that involve exposure reduction outcomes and mitigation 
strategies that involve hazard reduction outcomes.  

This fosters a strategic top-down approach while retaining a clear focus on the goal of landslide risk 
reduction, the outcomes from that activity and the generic approach(es) to achieving the outcomes, 
rather than the detailed individual processes and techniques. 

 This approach also provides a common lexicon for the description and discussion of landslide risk 
reduction strategies, which is especially useful in a multi-agency environment. It also renders a multi-
faceted (holistic) approach more viable and easier to articulate while helping to ensure appropriate 
responses to the hazard and risks in play. This approach should be especially useful for infrastructure 
owners and operators who must deal with multiple landslide risks, and other risks, that are distributed 
across large networks. Such an approach promotes a considered decision-making process that takes 
account of both costs and benefits, and encourages careful consideration of appropriate solution(s) for 
each location and risk profile, potentially making best use of often limited resources. The example of 
the A83 strategic road at the Rest and be Thankful site has been used to illustrate the approach 
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