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ABSTRACT

This paper proposes a qualitative methodology for assessing the risk to linear 
facilities from proposed upslope forestry developments (timber harvesting 
and road construction). The methodology is based on the Forest Practices 
Code of British Columbia guidelines for carrying out terrain stability fi eld 
assessments, but modifi ed to explicitly assess risks to downslope linear facili-
ties. Examples illustrate how the methodology was used as a tool for com-
munication between Canadian National Railway and forest managers. The 
authors postulate that the methodology discussed in this paper is applicable 
to manage the potential risk from forestry developments to other linear fa-
cilities such as pipelines, transmission facilities, and roads.

INTRODUCTION

Both forest managers and the operators of linear facilities are faced with the 
challenge of managing ground hazards such as rockfalls, debris fl ows, and 
surface erosion. Where forestry developments and linear facilities are close to 
each other, the activity of one can lead to an increased potential for ground 
hazards to affect the other, highlighting the importance of communication 
between stakeholders. 

Risk management provides an effective framework for managing poten-
tial impacts from ground hazards and can be a valuable tool for facilitating 
communication and resolving potential land use confl ict. This is illustrated 
through a description of the methodology developed by BGC Engineering 
Inc. and Canadian National Railway for evaluating risk to the railway from 
proposed forest road construction and timber harvesting activities. The 
methodology is based on a modifi cation of current British Columbia forest 
industry risk assessment practices and conforms to Canadian Standards 
Association (csa)’s can/csa q850-97 Risk Management: Guidelines for can/csa q850-97 Risk Management: Guidelines for can/csa q850-97
Decision-Makers (csa 1997). 

STAKEHOLDERS

Stakeholders are defi ned as individuals, groups, or organizations that affect, 
are affected by, or believe they could be affected by, a decision or activity. 

Defi nition





Decision-makers are also stakeholders (csa 1997). Therefore, according to the 
above defi nition, operators of linear facilities are stakeholders when forestry ac-
tivities are proposed or developed upslope of those facilities. This paper focuses 
on the interaction between forest managers responsible for forestry develop-
ments on Crown land and a specifi c stakeholder, Canadian National Railway.

Managers responsible for timber harvesting on public lands in British Co-
lumbia are called upon to consider values in addition to commercial forestry. 
These non-timber resources include visual quality, archaeological sites, fi sh 
habitat, water quality and quantity, wildlife habitat, biodiversity, and terrain 
stability. In addition, the regulatory environment and land use policies in 
British Columbia have resulted in decreases in public provincial forest land 
available for commercial harvest. The effect of these factors in combination 
with past timber harvesting may result in timber harvesting activities occur-
ring more frequently close to linear facilities.

Canadian National Railway (CN) operates the Pacifi c North and South Cor-
ridors (Figure 1) for transporting passengers and freight between Edmonton, 
Alta., and the ports of Vancouver and Prince Rupert, B.C. Approximately 
2500 km of mainline track is currently in operation within British Colum-
bia. CN offers the shortest route to the midwestern United States for British 
Columbia forest products, which in 1999 accounted for close to 20% of CN’s 
freight revenues, second only to grain and fertilizers (CN 2000).

Historically, railway engineers were driven to minimize both gradient and 
horizontal curvature. As a result, the Pacifi c North and South Corridor align-
ments follow valley bottoms near major watercourses for most of their length 
(Savigny et al. 1987; Keegan et al. 2000). Signifi cant portions of these valley-
bottom routes traverse terrain that is affected by geomorphic processes and 
ground hazards.

GROUND HAZARDS AND RISK MANAGEMENT

Foresters and railroaders face a number of different ground hazards. These 
can be categorized based on the broad distinction between landslides and 
erosion (Figure 2). Landslide hazards are further divided based on materi-
als and slope movement types as defi ned by Cruden and Varnes (1996), and 
modifi ed by Keegan et al. (2000). Timber harvesting and forest road–related 
factors in the British Columbia Interior that may contribute to landslide 
initiation are discussed below.
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fi gure 1    Location of CN Pacifi c Division mainline tracks.
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Rises in the level of the phreatic surface may increase the frequency of 
landslides below harvested areas. Increased runoff may result in surface fl ow 
over marginally stable slopes below cutblocks, triggering landslides. For ex-
ample, clearcuts tend to raise the level of the phreatic surface and increase 
water available for runoff by eliminating evapotranspiration of the forest 
cover. Also, increases in snow accumulation can occur. Research indicates 
that a 20–30% increase in snow accumulation can occur when closed-canopy 
forests are clearcut (Chapman 1999). 

Factors associated with road construction that may contribute to landslide 
initiation include:

•    removal of toe support from a slope by excavation of material;
• overloading slopes with sidecast fi ll material; and
•    interception of surface and subsurface fl ows and redirecting them onto 

marginally stable slopes.

A critical topographic factor is the presence of gently sloping, forested pla-
teaus above steep mountainsides subject to landslides. Forestry developments 
in seemingly innocuous terrain have caused diversion of water that has trig-
gered landslides on steep slopes below (Jordan and Toews 1993). 

Forestry activities can also increase the risk to downslope linear facilities 
from rockfall in the following ways. Timber harvesting may induce rockfall as 
logs are yarded over boulder-covered slopes or unstable bedrock slopes. The 
removal of forest cover can contribute to increased travel distances of natural 
rockfall events by eliminating the energy-absorbing capability of standing 
trees. Sidecasting boulders during road maintenance activities such as road 
surfacing and grading can create a rockfall hazard to linear facilities located 
below the roads being maintained. 

Because the resources available to forest managers and railroaders for miti-
gating ground hazards are limited, a risk management system is required to 
identify and evaluate the hazards and establish priorities for monitoring and 
mitigation.

COMPONENTS OF A RISK MANAGEMENT SYSTEM

The object of risk management is to ensure that signifi cant risks are identi-
fi ed and that appropriate action is taken to mitigate these risks (Keegan et al. 

fi gure 2    Railway ground hazard classifi cation (Keegan et al. 2000).





2000). The Canadian Standards Association’s can/csa q850-97 Risk Manage-
ment: Guidelines for Decision-Makers (csa 1997) provides a framework for 
the development of a risk management system, as illustrated in Figure 3. The 
framework is comprised of six steps (Initiation, Preliminary Analysis, Risk 
Estimation, Risk Evaluation, Risk Control, and Action/Monitoring). Com-
munication between stakeholders occurs at all six steps of the framework 
(Figure 3). Preliminary Analysis, Risk Estimation, and Risk Evaluation form 
the key components of a risk assessment, and are described in greater detail 
below.

“Preliminary Analysis” involves identifying, categorizing, and character-
izing hazards. This is followed by the development of risk scenarios for the 
various hazard types identifi ed. A risk scenario is a sequence of events with 
an associated frequency and consequence (csa 1997).

“Risk Estimation” involves estimating both the likelihood of occurrence 
and consequences for the hazards identifi ed to highlight risk scenarios that 
represent the greatest loss exposure. An estimate of the risk associated with a 
given scenario may be based on historical data, models, professional judge-
ment, or a combination of methods. Practicality often dictates the use of a 
qualitative, as opposed to a quantitative, assessment (VanDine 1997).

“Risk Evaluation” is the process by which risks are examined in terms of 
costs and benefi ts. Evaluation is aimed at determining whether a given level 
of risk is acceptable. Pre-determined risk resolution matrices proposed by 
government agencies may aid in the evaluation and communication of risk. 
An example of a matrix proposed by the American Public Transit Association 
(apta 1997) is illustrated in Table 1. 

Where the level of risk is assessed to be unacceptable, the identifi cation of 
“Risk Control” measures and implementation of mitigation and monitoring 
programs may be required.

General Within the framework of the Forest Practices Code, the methods of 
identifying landslide hazards and estimating risks are detailed terrain stability 
mapping (dtsm) and terrain stability fi eld assessments (tsfas), respectively 

fi gure 3    Steps in the risk management decision-making process (after CSA 1997).
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(B.C. Ministry of Forests 1999). dtsm and tsfas are discussed in a risk man-
agement context in the following sections. 

Preliminary Analysis dtsm is similar to the hazard identifi cation compo-
nent of the preliminary analysis process outlined in q850 (Figure 3). dtsm
divides the landscape into polygons based on estimating the likelihood 
of landslide occurrence and other factors (British Columbia 2001). tsm
rates the likelihood of landslide occurrence based on the following “hazard 
scenarios”: 

•    timber harvesting is undertaken; or
• road construction using sidecast excavated material to construct the fi ll 

portion of the road prism (conventional techniques) is carried out. 

The likelihood of landslide initiation is generally expressed in the quali-
tative terms Low, Moderate, or High (B.C. Ministry of Forests 1999). dtsm
is not based on “risk scenarios” because the consequences that could result 
from landslide occurrence are not identifi ed. 

Based on the dtsm results, one of the following three courses of action 
can be taken:

1. The forestry development process can continue with no further terrain 
stability analysis;

2. The forestry development can be deferred as a risk control measure; or 
3. A site-specifi c tsfa (risk estimation) is carried out before forestry 

development. 

Rating the Likelihood of Landslide Occurrence  In the context of the For-
est Practices Code, landslide hazard is defi ned as the likelihood of landslide 
occurrence following timber harvesting or conventional road construction. 
Rating the landslide hazard is usually based on site characteristics, profes-
sional judgement, and the effect of logging or road construction on terrain 
near the forestry development being evaluated (historical data). In the 
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absence of landslides related to forestry developments, landslide hazard es-
timates are also based on existing natural landslides in the area. Defi nitions 
for subjective hazard ratings (Low, Moderate, or High) are not included in 
the Forest Practices Code guideline for tsfas (B.C. Ministry of Forests 1999). 
However, qualitative hazard ratings are provided in a guideline for determin-
ing inspection frequency on maintained and deactivated forest roads (Table 
2). It is recommended that hazard ratings developed for a tsfa be based on 
site-specifi c terrain characteristics (Wise and VanDine 1999).

Rating the Potential Consequences of Landslides The potential downslope 
consequences from post timber harvesting and road construction landslides 
are also estimated based on site characteristics, professional judgement, and 
historical data. A fi eld investigation and/or an offi ce review of slope areas 
below proposed forestry developments to evaluate potential landslide initia-
tion and runout zones are usually carried out. Based on that review, expected 
landslide size and length are estimated. In some cases, a consequence rating 
is applied based on the value of the downslope elements that could be im-
pacted (Table 3). In the case of forestry roads, rehabilitation measures that 
could be required following a landslide must also be estimated (Province of 
British Columbia 2000).

Rating Landslide Risk Landslide risk is determined by combining hazard 
and consequence using the matrix shown in Table 4 (B.C. Ministry of Forests 
1993), where:

Risk = Hazard × Consequence

Risk can be rated for a specifi c resource or value (Specifi c Risk), or it can 
be determined for all resources and values (Total Risk). 

Risk Evaluation and Risk Control Guidance on the risk evaluation pro-
cess (determination of what level of risk is acceptable) is provided in Forest 

Hazard
rating Description

Low The road is located on stable terrain with no landslide activity indicators.
Normal road construction and logging practices will not significantly
decrease terrain stability, except along road cuts. Soils are generally well
compacted.

Moderate The road is located on stable terrain with no landslide activity indicators.
Minor stability problems may develop. Erosion is limited to small-scale
slumping and ravelling. Cut-and-fill slope erosion and surface erosion are
generally shallow.

High The road is located on terrain with visible or suspected evidence of
landslides or mass wasting. It is not limited to any particular sideslope,
although the steeper the ground, the greater the potential for avalanches
and debris torrents. Soils may also be highly erodible.

table 2 Sample hazard ratings (based on Table 14, Forest Road Engineering 
Guidebook) Guidebook) Guidebook

Note: Areas that are subject to high-frequency intense rainstorms (such as the west and north 
coast of Vancouver Island, the west coast of the Queen Charlotte Islands, the Mid-Coast, and 
the Mission-Hope areas) should be given special recognition and may have their hazard ratings 
increased to allow for this.





Practices Code regulations and guidelines. Some risk control measures are 
legislated based on estimates of the likelihood of landslide occurrence (e.g., 
requiring that a particular harvesting system not be used in areas identifi ed 
as having a moderate or high hazard [Province of British Columbia 1998]).

In areas where risk is determined to be unacceptable by the forestry man-
ager, site-specifi c actions (risk controls) to reduce the likelihood of landslides 
are incorporated in the design of the forestry development. Those measures 
are prescribed as a part of the tsfa (B.C. Ministry of Forests 1999). Examples 
of risk control measures for forest roads include:

•    increasing the frequency of inspections and road maintenance;
• using angular rock as fi ll material; 
•    relocating road segments; or
• deactivating roads (shortening the life of roads) in areas where long-term 

access is not required. 

Risk Communication The results of a tsfa are communicated to the forest 
company (licensee) by written report. Generally, regulations do not require 
that a tsfa report be submitted to the B.C. Ministry of Forests (mof). How-
ever, risk control measures recommended in a tsfa report are communicated 
to the mof as part of the road or cutblock design documentation submitted 
to that agency by licensees.

Hazard rating

Consequence rating High Moderate Low

High Very high risk High risk Moderate risk

Moderate High risk Moderate risk Low risk

Low Moderate risk Low risk Low risk

table 4 Risk ratings (based on Table 2, Chapter 8, MOF Engineering Manual [B.C. 
Ministry of Forests 1993])

table 3 Consequence ratings (based on Table 4, Chapter 8, MOF Engineering Manual [B.C. Ministry of Forests 1993])

Consequence (or severity) ratings—Forecast the consequence or severity
of the damage or loss to a specific value should erosion and sedimentation occurOn-site downslope/

downstream values adjacent
to road alignment Low Moderate High

Forest site productivity Areas not rated as
moderate or high

Areas having moderate
potential to grow
merchantable timber

Areas having high potential
to grow merchantable
timber which, if damaged,
would have serious long-
term effects on
regeneration

Human life, property,
roads, and railways

Areas that are uninhabited
and undeveloped, or
occasionally inhabited
territory and cultivated
farm land

N/A Areas having rural
development, domestic
dwellings, industrial
development, highways,
and railways

Utilities Areas with no utilities N/A Areas having electric
transmission towers, gas
and oil lines, or fibre optic
cable





CN has developed and continues to refi ne a risk management system for 
ground hazards that follows the framework outlined in q850 (csa 1997). The 
objective of the system is to minimize the likelihood of train derailment, 
injury or loss of life, environmental damage, and track outage through the 
most effi cient allocation of hazard management funds.

CN generally identifi es ground hazards through geotechnical fi eld inspec-
tions, incident and condition reporting from operating personnel, air photo 
interpretation, and aerial reconnaissance of drainage conditions and an-
thropogenic activity. Categorizing and characterizing the hazards according 
to Figure 2 provides a signifi cant advantage in that the hazards within each 
category tend to have similar risk scenarios. 

CN’s long history of dealing with ground hazards has lead to the recogni-
tion that risk scenarios involving rockfalls, debris fl ows, earth slides in silt 
and fi ne sand, river erosion, hydraulic erosion attributed to beaver activity, 
and rapid runoff are most critical. These scenarios occur frequently without 
a long warning period and often have severe consequences. Systems for man-
aging rockfall- (Canadian National Rockfall Hazard and Risk Assessment 
[cnrhra]) (Abbott et al. 1998a, 1998b) and beaver- (Beaver Activity Hazard 
Assessment [baha])  related hazards have already been developed. Sections of 
track are assigned a numerical score for each risk scenario. The hazard score 
assists in assigning priorities for inspection, mitigation, and monitoring.

The main objective of the CN Forestry Risk Assessment (cnfra) methodol-
ogy is to identify and rate the potential risk to the CN grade resulting from 
ground hazards that could be triggered by proposed forestry developments 
above the grade. The cnfra process consists of three main components that:

• identify and categorize hazards and potential triggers (Preliminary 
Analysis);

• assess hazard frequency, magnitude, likelihood, and consequence of 
impact under proposed design (Risk Estimation); and

• determine if the risk is acceptable (Risk Evaluation).

Ideally, each component of the cnfra can use the information gathered 
during terrain stability mapping and fi eld assessment work conducted on be-
half of the forest managers where required under the Forest Practices Code.

Preliminary Analysis The fi rst component of the cnfra is to conduct a pre-
liminary analysis to identify proposed forestry developments that have the 
potential to impact the CN grade. The preliminary analyses rely on commu-
nication with the mof and licensees. Communication with the mof consists 
of informing mof district managers of the perception of risk to the CN grade 
where proposed forestry developments are located:

•    upslope and within 1 km (horizontal distance) of the CN railway; and
• in valleys or gullies upstream of CN culverts and upstream of bridges sup-

ported by piers, trestles, or abutments that are within the wetted perimeter 
of rivers or creeks fl owing out of those valleys.

Communication with licensees and the mof’s Small Business Forest En-
terprise Program relies on public review and comment (Province of British 
Columbia 2001). Forest development plans are reviewed at public meetings 
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and comments are provided where proposed forestry developments meet the 
above criteria. In some cases, site-specifi c fi eld assessments of proposed de-
velopments are carried out using the following methodology.

Risk Estimation A qualitative risk assessment methodology is used to esti-
mate the potential risk to the CN grade originating from each proposed cut-
block, road, and designated trail. The terminology used for risk estimation 
has been adapted from three main sources: the British Columbia Resources 
Inventory Committee (ric) (1996), Fell (1994), and the Transport Safety 
Management System Guide (Transport Canada 2000). The risk assessment 
terminology used in this methodology follows.

Defi nitions For the purpose of the cnfra, risk is defi ned as:

•    Risk = Likelihood of a Hazard Occurring × Consequence, where:
• Hazard is defi ned as condition and/or circumstance that increases the 

likelihood and/or severity of loss; and
• Consequence is a combination of likelihood of an event impacting the CN 

grade, and the Severity of Impact, should the hazardous event occur.

Potential hazards, likelihood of hazard occurrence ratings, and conse-
quences are discussed in the following sections.

Hazard Classifi cation and Ratings The ground hazards considered in the 
cnfra are landslides or changes in hydrogeologic conditions resulting from 
timber harvesting or conventional road construction.

In the cnfra, landslide hazards are described based on their classifi cation, 
and on estimates of their potential magnitude. Classifi cation is a description 
of material and slope-movement type (e.g., debris slide or rockfall) according 
to Figure 2. Magnitude refers to the volume of displaced material involved 
in landslide hazards. Potential landslide hazard classifi cation and estimates 
of their magnitude are based on professional judgement, the characteristics 
of the terrain, classifi cation and assessment of existing landslides (historical 
data), and site-specifi c information obtained during fi eld traverses. 

Changes in hydrologic or hydrogeologic conditions resulting from timber 
harvesting or conventional road construction may result in surface water 
concentration at the CN grade or increased subsurface seepage towards the 
CN grade. In the cnfra, water concentration is defi ned as increased surface 
fl ow, subsurface fl ow, and fl ow in existing creeks. A qualitative assessment of 
the magnitude of the hazard is based on observed surface water conditions, 
inferred subsurface water conditions, and the size of the area that will be 
altered by timber harvesting or road construction relative to the total area of 
the slope above the rail grade.

The likelihood of a hazardous event occurring is rated qualitatively using 
the defi nitions outlined in Table 5. 

Consequence Classifi cation and Ratings Water concentration and landslide 
hazards resulting from proposed forestry developments could lead to Conse-
quences at the CN grade. The Consequence Rating depends on the likelihood 
of the hazardous event affecting the CN grade, and the anticipated Severity 
of the Impact. 

Consequence is rated using the matrix shown in Table 6. For example, an 





event assessed as a low likelihood to impact the railway, but with a high 
Severity of Impact, yields a Moderate Consequence rating.

For landslides, likelihood of impact is rated subjectively based on the 
proximity of the hazard to the CN grade and an assessment of whether the 
grade is located within the initiation, transport, or deposition zone of the 
potential slide. An evaluation of existing landslides, including landslide 
classifi cation, slope morphology, surfi cial materials, surface and subsurface 
drainage conditions, inferences of factors that may have contributed to land-
slide initiation, and runout distance, assist with making this assessment.

The Severity of Impact is a function of several factors, including:

• the amount of time available to react to the hazardous condition (i.e., 
will a potential landslide move at a rate of a metre per year or metre per 
second); 

•    the proximity to CN’s maintenance resources (i.e., how remote is the site); 
and 

•    the type (i.e., rock, debris, earth) and volume of material that could be 
deposited on the CN grade. Rock and debris are more likely to derail 
trains, as are larger volumes of material. Large volumes of material also 
take longer to clear from the tracks, resulting in greater service disruption. 

For surface water concentration and increased subsurface seepage, the 
consequence ratings are based on an assessment of the potential to initiate 
landslides between the proposed forestry activity and the rail grade, and on 
the presence and condition of culverts along the rail grade.

For increased fl ow in creeks, the consequence ratings are based on the 

table 6 CNFRA consequence ratings

Examples of anticipated severity of impact to the railway

Likelihood of
impact

High
Mainline disruption

for > 6 hrs; or
> $100K damage

Moderate
Mainline disruption

for 1–6 hrs; or
> $10K damage

Low
Mainline disruption
for < 1 hr; or < $10K

damage

High High High Moderate

Moderate High Moderate Low

Low Moderate Low Low

Negligible Negligible Negligible Negligible

Rating Definition

High Likely to occur frequently or several times following timber harvesting or
conventional road construction.
(Evidence of recent or ongoing events were observed)

Moderate Likely to occur sometime following timber harvesting or conventional
road construction.
(Indicators that an event could occur or has occurred in the past were
observed)

Low Unlikely, but possible to occur following timber harvesting or
conventional road construction.
(Areas where a High or Moderate rating does not apply)

table 5 CNFRA likelihood of hazard occurrence ratings





potential for triggering channelized debris fl ows and the capacity of the hy-
draulic structures along the rail grade to pass increased fl ow or debris fl ow 
events. 

Risk Evaluation—The Risk Resolution Matrix Risk to the CN grade 
is evaluated using the resolution matrix presented in Table 7. The only ele-
ment at risk considered in the cnfra is the CN Rail grade. Other resource 
elements such as visual quality, recreation, fi sh, wildlife, and forest site 
productivity are not considered.

The risk associated with each potential hazard is evaluated as Very High, 
High, Moderate, Low, or Negligible. Modifi cation to the proposed timber 
harvesting area or road design is generally recommended where the risk is 
evaluated as being Moderate to Very High.

Risk Communication and Risk Control The results of the risk estimation 
phase discussed previously contribute critical information to the stakehold-
ers. Using a common language (risk, hazard, likelihood of occurrence, and 
consequence) to convey this new information can signifi cantly improve the 
level of knowledge of the stakeholders, and change their perceptions of the 
risks. It is benefi cial to discuss the preliminary results of fi eld assessments, 
preferably during meetings between stakeholder representatives. 

Dialogue builds trust between decision-makers and other stakeholders. If 
stakeholders trust the risk estimation process, the conclusions and any de-
cisions (risk controls) resulting from any conclusions stand a much better 
chance of being accepted (csa 1997).

Common risk control measures that can reduce the likelihood of hazard 
occurrence or potential consequences of those hazards include modifying 
cutblock boundary locations, where feasible from a timber harvesting point 
of view; prescribing three-quarters or full bench road cuts or more extensive 
road/trail deactivation measures than might otherwise be required; or de-
creasing culvert spacing. 

Where culverts along the CN grade have been damaged, or where rock 
drains were installed during original construction, culverts can be repaired or 
installed before timber harvesting or road construction.

CONCLUSIONS

Forest managers and the operators of linear facilities are both faced with the 
challenge of managing ground hazards. Where forestry developments and 
linear facilities are close to each other, the activity of one can lead to an in-
creased potential for ground hazards to affect the other. 

ConsequenceProbability
of hazard
occurrence High Moderate Low Negligible

High Very high risk High risk Moderate risk Low risk

Moderate High risk Moderate risk Low risk Negligible risk

Low Moderate risk Low risk Low risk Negligible risk

table 7 CNFRA railway-specifi c risk resolution matrix





Risk management provides an effective framework for managing the 
potential impacts from ground hazards and can be a valuable tool for facili-
tating communication between stakeholders. Communication builds trust 
between decision-makers and other stakeholders. If there is trust between 
stakeholders, decisions stand a much better chance of being accepted. 
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