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The individual risk, as determined by summing the risk, for the person most at risk, from all the landslide hazards, is 
used for comparison with the tolerable risk criteria. 

b) For situations where there is a potential for large numbers of lives to be lost in a single landslide event, 
estimate the frequency (f) –number (N) of lives lost pairs and total annual risk. 

If the possible loss of large numbers of lives from a landslide incident is high, society will generally expect that the 
probability that the incident might actually occur should be low.  This accounts for society’s particular intolerance to 
incidents that cause many simultaneous casualties and is embodied in the criteria for tolerable societal risk.  Societal 
Risk is discussed further in the Commentary. 

In many cases there will be more than one landslide hazard (e.g. rockfall, which may lead to one or two lives lost; 
medium volume rapid landslide which may lead to several lives lost; and large rapid landslide which may lead to many 
lives lost).  The frequency (annual probability, “f”) of the “event” and the number of lives lost (N) should be estimated 
for each landslide hazard. 

The total annual risk = (f x N) should also be estimated. ∑
8 RISK ASSESSMENT 

8.1 RISK EVALUATION 
Evaluate the risks against Tolerable Risk Criteria for loss of life and property loss. 

Accept the risks if tolerable, or seek to reduce risks to tolerable levels by risk mitigation. 

The main objectives of risk evaluation are usually to decide whether to accept or treat the risks and to set priorities.   
The Tolerable Risk Criteria are usually imposed by the regulator, unless agreed otherwise with the owner/client 

Non- technical clients may seek guidance from the practitioner on whether to accept the risk.  In these situations, risk 
comparisons, discussion of treatment options and explanation of the risk management process can help the client make 
his decision. 

It is desirable, if not essential, that the practitioner who prepared the risk assessment be involved in the decision making 
process because the process is often iterative, requiring assessment of the sensitivity of calculations to assumptions, 
modification of the development proposed and revision of risk mitigation measures. 

Risk evaluation involves making judgements about the significance and tolerability of the estimated risk.  Evaluation 
may involve comparison of the assessed risks with other risks or with risk acceptance criteria related to finance, loss of 
life or other values.  Risk evaluation may include consideration of issues such as environmental effects, public reaction, 
politics, business or public confidence and fear of litigation.  

In a simple situation where the client/owner is the only affected party, risk evaluation may be a simple value judgement.  
In more complex situations, value judgements on acceptable risk appropriate to the particular situation are still made as 
part of an acceptable process of risk management.   

8.2 TOLERABLE RISK CRITERIA 

The regulator is to establish the Tolerable Risk Criteria for loss of life and property loss. 

As discussed in Section 3.5, the regulator is the appropriate authority to set standards for tolerable risk which may relate 
not only to perceived safety in relation to other risks, but also to government policy.  Implementation of a tolerable risk 
level has implications to the community at large, both in terms of relative risks or safety and in terms of economic 
impact on the community.   

The Commentary provides discussion and gives the AGS recommendations in relation to tolerable risk for loss of life. 
These are summarized in Table 1 

Table 1:  AGS Suggested Tolerable loss of life individual risk. 

Situation Suggested Tolerable Loss of Life Risk for the 
person most at risk 

Existing Slope (1) / Existing Development (2) 10 / annum 4−

New Constructed Slope (3) / New Development (4) / 
Existing Landslide (5) 

10 / annum 5−

 

 Australian Geomechanics Vol 42 No 1 March 2007   77


	1 INTRODUCTION
	1.1 PREAMBLE
	1.2 PURPOSE
	1.3 SCOPE
	1.4 CONVENTIONS USED
	1.5 STAKEHOLDERS

	2 RISK TERMINOLOGY
	3 GUIDELINES FOR REGULATORS
	3.1 BACKGROUND
	3.2 RELEVANCE TO APPROVALS PROCESS
	3.3 POLICY REQUIREMENTS
	3.4 PROCESSING REQUIREMENTS
	3.5 ESTABLISHMENT OF TOLERABLE RISK CRITERIA
	3.6 LANDSLIDE INVENTORY
	3.7 ROLE AND RESPONSIBILITY OF THE PRACTITIONER

	4 SCOPE DEFINITION
	5 HAZARD ANALYSIS
	5.1 DATA GATHERING / DESK STUDY
	5.2 FIELD INVESTIGATION REQUIREMENTS
	5.2.1 Complete investigations sufficient to establish a geotechnical model, identify geomorphic processes and associated process rates.
	5.2.2 Inspect the site and surrounds including field mapping of the geomorphic features.
	5.2.3 Determine the subsurface profile from exposures or subsurface investigation such as by boreholes and/or test pits.
	5.2.4 Assess likely groundwater levels and responses to trigger rainfall events.
	5.2.5 Prepare a cross section drawing (to scale) through selected parts of the site to demonstrate the geotechnical model of site conditions and on which landslides may be identified.
	5.2.6 Take into account slope forming process rates associated with the geotechnical model and landslides.
	5.2.7 Identify landslides types/locations appropriate to the geotechnical model based on local experience and general experience in similar circumstances.
	5.2.8 If required, further detailed investigations should be completed to better define the model, the landslides, the triggers, the frequency (likelihood) or design of stabilisation measures to control the risk.

	5.3 LANDSLIDE CHARACTERISATION
	5.4 FREQUENCY ANALYSIS
	5.4.1 Techniques for Frequency Analysis
	5.4.2 Estimation of Annual Probability (Frequency) (P(H)) of Each Landslide
	5.4.3 Assess the Travel Distance and the Probability of Spatial Impact (P(S:H)) of the Elements at Risk


	6 CONSEQUENCE ANALYSIS
	6.1 ELEMENTS AT RISK
	6.2 TEMPORAL SPATIAL PROBABILITY (P(T:S))
	6.3 EVALUATION OF CONSEQUENCE TO PROPERTY
	6.3.1 Estimate the extent of damage likely to property arising from each of the landslides.
	6.3.2 Estimate the indicative cost of the damage.
	6.3.3 Estimate the market value.
	6.3.4 Consider the resulting Consequence classification, such as using Appendix C, and implied accuracy of the above estimates.

	6.4 EVALUATION OF CONSEQUENCES TO PERSONS

	7 RISK ESTIMATION
	7.1 QUANTITATIVE RISK ESTIMATION
	7.2 SEMI-QUANTITATIVE AND QUALITATIVE RISK ESTIMATION FOR RISK TO PROPERTY
	7.3 RISK MATRIX FOR PROPERTY LOSS
	7.4 ESTIMATION OF RISK OF LOSS OF LIFE

	8 RISK ASSESSMENT
	8.1 RISK EVALUATION
	8.2 TOLERABLE RISK CRITERIA

	9 RISK MANAGEMENT
	9.1 RISK MITIGATION PRINCIPLES
	9.1.1 Feasible options for risk mitigation for each risk assessment are to be identified and discussed including the reduced risk by adoption of those options.
	9.1.2 Wherever possible the recommended options should be engineered to reduce the uncertainties.
	9.1.3 The adopted risk mitigation measures are to be detailed in a mitigation plan to explain and document the implementation of the measures.
	9.1.4 The risk should be subject to monitoring and review during the assessment of options, during implementation of the risk mitigation measures and during the on going monitoring.

	9.2 SITE SPECIFIC DEVELOPMENT CONDITIONS
	9.3 DESIGN LIFE
	9.3.1 Design of the risk mitigation measures is to be suitable for the time frame of the life of the structure - the design life.  The design life is to be clearly stated on the design drawings.
	9.3.2 Where the effective performance life is less than the required design life, then the effective life should be extended by a maintenance regime designed to overcome the limitations and to enable the performance to be assessed throughout the required design life.  This is likely to require more extensive repair and replacement as determined by regular maintenance inspections.

	9.4 MAINTENANCE REQUIREMENTS
	9.4.1 The design is to include details of required inspections and maintenance to enable the risk mitigation measures to remain effective for at least the design life of the structure.
	9.4.2 Refer to the AGS Australian GeoGuide LR111 which provides advice on record keeping.
	9.4.3 Implementation of the maintenance plan may require ‘enforcement’ by annotation on the land title so that subsequent purchasers become aware of the requirements and that relevant documents are available for the maintenance plan.  Such ‘enforcement’ will be a benefit to subsequent owners as they will be better informed as to their required input responsibilities.


	10 REPORTING STANDARDS
	10.1 The report on the risk assessment is to document the data gathered, the logic applied and conclusion reached in a defensible manner.

	11 SPECIAL CHALLENGES
	11.1 MINOR WORKS
	11.2 PART OF THE SITE NOT ACCEPTABLE
	11.3 ADJOINING AREAS NOT UNDER RESPONSIBILITY OF THE SITE OWNER
	11.4 COASTAL CLIFFS

	12 ACKNOWLEDGEMENTS
	13 REFERENCES
	APPENDIX A - DEFINITION OF TERMS AND LANDSLIDE RISK
	RISK TERMINOLOGY
	ASSOCIATED TERMINOLOGY

	APPENDIX B - LANDSLIDE TERMINOLOGY
	APPENDIX D -EXAMPLE FORMS
	F AGS 2007c App EFG.pdf
	APPENDIX E - GEOLOGICAL AND GEOMORPHOLOGICAL MAPPING SYMBOLS AND TERMINOLOGY
	 
	 APPENDIX F- EXAMPLE OF VULNERABILITY VALUES




