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ABSTRACT 

This paper describes the process used to develop a landslide hazard map.  The map was intended as 
a tool to respond to questions about where and when future landslides could occur.  The map is 
intended to focus risk assessments of residential properties to those at which the likelihood of 
impact from landslide hazards is highest. 

1 INTRODUCTION 

In June 2005 several landslides occurred in a hilly residential area of SE Queensland following 
rainfall equivalent to a 1:200 to 1: 500 year event.  The landslides followed several days of rainfall 
with up to 600 mm in three days and 450 mm in the final 24 hours. 

Figure 1:  Landslide damage to residential properties             Figure 2: Landslide Hazard Map 

The crest of the largest landslide partly undermined the rear of several properties (Figure 1).  
Damage was significant, but there was no loss of life.  Council responded to concerns from local 
residents about the possibility of future landslides by developing a landslide hazard map (Figure 2).  
Many local government areas use hazard maps to assist them with risk management.  The map 
illustrates the geographic distribution of the likelihood of landslides relative to other locations 
within the mapped area.   

The map does not explain the consequences and hence the risk to persons or property who could be 
impacted.  The landslide hazard map was used to help prioritize risk assessment to a limited 
number of properties with the greatest likelihood of landslides.  The risk assessments are not 
discussed in this paper. 

2 MAP AREA CHARACTERISATION 

The study area is a small flat topped hill with steep slopes. The elevation varies between sea level 
and 75 m AHD.  Slope gradients on the hillslopes are typically greater than 20 degrees.  Residential 
development occupies the upper and lower slopes, but the midslopes are generally undeveloped and 
densely vegetated.   

Geologically, the hill comprises a remnant cap of basalt soil and rock overlying soil and rock of the 
Neranleigh Fernvale Beds.  The groundwater level in boreholes drilled as part of the study is 
generally within about 1 m to 2 m above the contact between the basalt and underlying Neranleigh 
Fernvale Beds.   
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Past slope instability has resulted in colluvial soils of basaltic origin, deposited over the residual 
soils and weathered rock of the Neranleigh Fernvale Beds.  Residential subdivision in 1959 was 
planned to avoid development on parts of the slope where the Queensland Government Geologist 
identified former landslides.  Several natural gullies originate close to the subcrop of the geological 
contact between the basalt and underlying Neranleigh-Fernvale Beds, which is thought to be the 
natural spring line.    

3 MAP DEVELOPMENT PROCESS 

There is no prescriptive and flawless way of developing a Landslide Hazard Map.  This paper 
describes a process – no more than that, and to which a high degree of subjectivity and judgment 
applies.  The process shown in Figure 3 and described in more detail later in the paper is as follows: 

Selection of geographically distributed “Landslide Model Parameters (LMPs)”. 
For each Landslide Model Parameter, selection of Interparameter Classes (IPCs) 
along with weightings for each class.   

“Pairwise” comparison process to weight the relative importance of each Landslide 
Model Parameter. 

Calculation of landslide hazard scores.  

Assignment of qualitative landslide hazard classes, very low to very high depending 
on the calculated scores. 

Figure 3: Map development process 

The Landslide Hazard Map was developed within a Geographic Information System (GIS) framework.  
A GIS “layer” was developed for the management of geographic data for each of the Landslide 
Model Parameters.   

4 PHYSICAL ATTRIBUTES OF LANDSLIDES 

In this study, the physical attributes that are used for the prediction of landslides are termed the 
“Landslide Model Parameters (LMPs)”.  The LMPs will likely vary from site to site and region to 
region.  They could differ depending on the size of the mapping area.  For example, although 
rainfall significantly influences the occurrence of landslides, this study area was only about 1.3 km2.
There was no geographically distributed rainfall data within the study area.  In a larger study area it 
is possible that rainfall could be used, if the geographic distribution of rainfall is known. 

The LMPs are groupings of variables used to define the physical attributes of the study area.  The 
variables within each LMP grouping define the extent to which landslides are likely to occur.  These 
variables are referred to as the Interparameter Classes (IPCs).   

Landslide Model 

Parameters 

(LMPs) 

Interparameter 

Classes (IPCs) 

1. Geology/Soils 

2. Slope 

3. Land Cover  

4. Flow Accumulation 

5. Proximity to Geological 
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Calculate Hazard 

Score 
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The distinction between LMPs and IPCs is easiest to explain by discussing the LMPs and 
corresponding IPCs chosen for this study.  Five LMPs were selected: Geology, Slope, Flow 
Accumulation, Proximity to the Geological Boundary and Land Cover.  These are illustrated in the 
Landslide Hazard Model shown in Figure 4, along with corresponding IPCs and selected “weightings”.   

Figure 4: Landslide Hazard Model 

5 LANDSLIDE MODEL PARAMETERS AND INTERPARAMETER CLASSES 

5.1 Geology 

There is a high correlation between certain types of geology and the occurrence of landslides.  
Landslides in the basalt terrain of SE Queensland are fairly common, particularly where the land has 
been cleared of natural vegetation.  The landslides usually occur in residual clay or colluvial soils 
derived from the basalt due to build up of groundwater pressure in the clay soils. 

The LMP “Geology” acknowledges that geology is a physical attribute that can be used to model 
slope instability.  The extent to which “Geology” influences slope stability depends on the type of 
geology.  The geology of the area is shown on published geological maps, and for this study was 
supplemented with the results of additional borehole investigations.  The different geological units 
(basalt, argillite, colluvium) have been adopted as IPCs for the LMP “Geology”. 

5.2 Slope 

Landslides are more likely on steeper slopes.  The LMP “Slope” acknowledges that the gradient of 
the land surface is a physical attribute that can impact on slope stability.  Existing survey data was 
used to calculate slope gradients and develop a corresponding slope gradient layer in the GIS.  For 
this study, weightings were applied to ranges of slope gradients, for example, 25 to 30 degrees, 30 
to 35 degrees.  These ranges are the IPCs for the LMP “Slope”.   

An adjustment factor was applied to the IPC weightings for slopes steeper that 35 degrees that have 
been modified by cut and fill operations.  For example, if the slope was a fill, not retained, with 
signs of distress, the weighting was multiplied by 4 to build into the model the inferred greater 
potential for instability of these types of filled slopes, as shown in Table 1.   

Table 1: Slope Modifications Adjustment Factors for Slopes >35

Cut Slopes  Factor Fill Slopes Factor  

Retained – No signs of distress 0.5 Retained – no distress 1 
Retained – Signs of distress 1 Not retained – no signs of instability 2 

Not retained – no signs of instability 1 Not retained – signs of distress 4 
Not retained – signs of instability 2   
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5.3 Flow Accumulation 

The LMP “Flow Accumulation” is defined as a measure of the upstream catchment area that 
contributes water to downstream areas.  It is, in essence, a measure of curvature in the 
topography.  Because water accumulates in concave areas it effectively defines flow paths and the 
origin of flow.  There is a strong correlation between the location of existing landslides and certain 
flow accumulation values because many flow paths originate near the basalt/argillite interface, 
effectively defining the position of springs.   

The GIS model is effectively divided into finite areas or cells for the calculation of the hazard score.  
Flow accumulation is a measure of the number of upstream cells that contribute overland water 
flow to a downstream cell.  IPCs for the LMP “Flow Accumulation” were selected as ranges of cell 
counts (flow accumulation values). 

5.4 Proximity to Geological Boundary 

In this study area the mapped backscarp of existing landslides was observed to be typically 10 m 
upslope to 30 m downslope of the basalt/argillite interface.  “Proximity to the Geological 
Boundary” was selected as an LMP with two IPCs, either within the 40 m wide zone, or outside of 
the zone.  The position of the geological boundary was taken from the published geological map, 
and modified with the benefit of boreholes and geological outcrop observations for this study.   

This LMP effectively accounts for the mechanism of landsliding due to the occurrence of springs 
and/or development of groundwater pressure at the contact between the basalt and underlying 
Neranleigh-Fernvale Beds.  This LMP weights the likelihood of landslides within a “halo” around the 
upper slopes of the small hill. 

5.5 Land Cover 

The extent to which “Land Cover” impacts on slope stability depends on the type of land cover.  
Many of the previous landslides, and new landslides in June 2005, occurred in areas not developed, 
and cleared of natural bushland.  In some cases it was noticed that adjacent properties discharged 
stormwater onto these vacant blocks.  The geographic distribution of different types of land cover 
was assessed using image processing software to scan aerial photographs for areas with similar 
spectral signatures.   

6 PAIRWISE COMPARISON 

A process known as pairwise comparison was used to weight the relative importance of each LMPs.  
Pairwise comparison is a decision making tool used in many applications, such as value-based 
decision making, to rank the relative importance of multiple variables.  The pairwise process 
compares subjectively the relative importance of each variable, one against another and the degree 
to which each is more important than counterparts. 

A matrix is used to keep track of the results.  A weighting for each variable is calculated by adding 
up the number of times each variable is more important than a counterpart, multiplied by the 
importance factor.  For example, “Slope” was judged to be more important than all of the other 
LMPs.  It was judged slightly more important (factor x1) than three of the other LMPs and 
significantly more important (factor x2) than one LMP for a score of 5, which factored to about 40% 
of the total score after repeating the process for all of the LMPs. 

Weightings for the IPCs were selected subjectively and assigned values between 1 and 6.   

7 CALCULATION OF HAZARD SCORE 

For a finite area, the Hazard Score is calculated as the sum of the product of the LMP weighting 
(with a value less than 1.0) and IPC weighting (value 1 to 6), as follows: 

Hazard Value = A.v + B.w + C.x + D.y + E.z 
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Where A, B, C, D, and E are the LMP weightings for each of the 5 parameters and v, w, x, y and z 
are the corresponding IPC weightings, as shown in Figure 4. 

A custom software algorithm was written to calculate the hazard scores.  The algorithm interfaces 
with GIS to search finite areas for the information it needs in the hazard score equation.  For each 
finite area it searches five times, once for each LMP, identifying the corresponding IPC, searching a 
database for the corresponding IPC weighting, multiplying this value by the LMP weighting, and 
calculating the hazard score for that finite area.   

The finite areas were typically 5 m across.  That meant that the calculation was performed some 
80,000 times taking about 90 minutes of computer time.  The interface shown in Figure 5 was 
developed to retrieve, edit and store the LMP and IPC weightings.  The interface allows the user to 
change the weighting values and facilitates sensitivity checks of the end result.   

Figure 5: GIS interface for hazard score calculation   

8 LANDSLIDE HAZARD MAP 

The hazard scores are numbers that indicate quantitatively the relative likelihood of landslide from 
one finite area to the next.  It is typical in GIS applications to produce maps that illustrate 
qualitatively geographic regions with similar attributes, in this case, with similar relative likelihood 
of landslide.  The hazard scores were converted to qualitative landslide likelihood ratings: very low, 
low, moderate, high and very high landslide hazard rating.   

GIS applications commonly use a process known as Jenks method to automatically select numerical 
data ranges.  The method uses an algorithm that finds and places breaks between clusters of data.   

An important step in the development of a landslide hazard map is to quantitatively benchmark the 
ranges of hazard score values generated by the Jenks method to meaningful qualitative descriptions 
of landslide likelihood.  This study used the qualitative descriptions of likelihood given in Appendix 
G of the Australian Geomechanics Society, Landslide Risk Management Concepts and Guidelines 
(AGS, 2000), and reproduced in Table 2.   
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Table 2: Australian Geomechanics Likelihood vs Annual Probability 

Hazard Description Indicative Annual Probability Meaning 

Almost certain >1:10  

Likely 1:100 Will occur under adverse conditions 

Possible 1:1,000 Could occur under adverse conditions 

Unlikely 1:10,000 Might occur in very adverse conditions 

Rare 1:100,000 Conceivable in exceptional conditions 

Not credible <1:1,000,000  

The ranges of hazard scores assigned by Jenks Method were “benchmarked” with these qualitative 
descriptions.  The June 2005 landslides followed a 1:200 to 1:500 year rainfall event, that is, an 
annual probability of 1:100 to 1:1,000.  Rainfall was assumed to be the trigger for the landslides.  
For the purpose of this study, this was taken to be an “adverse” event.   

The peak 24-hr rainfall event was used as a guideline to indicate the annual probability of 
landslides.  However, there is not a direct correlation between 24-hr peak rainfall events and the 
probability of landslide events.  Other factors influence landslide occurrence, such as the 
antecedent rainfall, rainfall intensity, and the duration of the rainfall.     

This “adverse” event was set as the benchmark, meaning that any less significant rainfall events 
would correspond to a lower likelihood of landslides.  But, if a similar adverse event occurred again, 
it would almost certainly result in a landslide, and if a very adverse event, that is even more 
intense and heavier rain than in June 2005, landslides would be certain to occur.  Qualitatively 
these events were assigned a very high hazard rating. 

On this basis, areas where landslides occurred in 2005 were shown as very high hazard, as were 
areas with hazard scores within the same cluster of values.  Areas where landslides were known to 
have occurred in the past were correlated with the second grouping of hazard scores, and were 
classed high hazard, and so on, as shown in Table 3. 

Table 3: Adopted Likelihood Ratings  

Hazard Likelihood 
Rating 

Indicative Annual 
Probability 

Meaning 

Very high 1:100 to 1:1,000 Certain to occur during a very adverse event; almost 
certain to occur during an adverse event 

High 1:1,000 Almost certain during a very adverse event; might 
occur under an adverse event 

Moderate 1:10,000 Might occur under very adverse conditions 

Low 1:100,000 Conceivable only during an exceptional event 

Very Low <1:1,000,000 Not conceivable under almost all conditions 

9 CONCLUSIONS 

This paper has described a process for the development of a landslide hazard map.  In developing 
the map, several tools have been used, including GIS, Jenks Method and pairwise comparison.  The 
map was intended as a tool to illustrate geographically the relative likelihood of landslides within 
the study area.   

The process described in this paper could be applied to other study areas.  However, the physical 
attributes that are used to model landslide likelihood could differ and adjustments may need to be 
made to the process accordingly.  Regardless, it is important to assign qualitative descriptions that 
can be quantified using recognised descriptive terminology.  The map described in this paper was 
based on terminology in AGS (2000), and ranges of hazard scores were correlated with peak rainfall 
recurrence probabilities. 
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