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Risk assessment models for post-

mining land use

A tale of five models
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• Mining attracts society’s attention

• Legislation
– Safe

– Stable

– No adverse impacts off-site

– Sustains an agreed end use

• Progressive rehab and sign-off

Risk assessment of a proposed end-use required

The legislative context
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The Bowen Basin

The environmental context
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Miners dig it up, smooth it down, plant grasses and trees, and then use it for ….
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Key end uses and hazards

Ascertained from stakeholders using a web-based survey

Three end uses:

• Bushland – managed for ecological services

• Bushland – not actively managed

• Grazing – managed by graziers

Five risk factors

• Surface erosion

• Sub-surface erosion

• Bushfire

• Noxious weeds

• Feral animals
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Risk assessment structure

Likelihood and consequences > ‘Risk’

Factors that drive risk

Likelihood 
true
false

Management of the end use
true
false

Susceptibility of a site to the threat
true
false

Consequence
true
false

Risk of Asset loss by an End use Threat
true
false

Aggregate asset value
true
false

Sensitivity
true
false
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Steps: Understand/define

Likelihood

– Identify susceptibility components that drive likelihood

– Identify management actions that may modify likelihood

Consequences 

– What is it that’s actually ‘at risk’

– What about recovery
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Literature

Experts 
• Separate meetings with experts in each risk factor

• Long-listed drivers

• Short-listed key drivers – and their parent drivers

Comprehensiveness vs simplicity

Results of the process
Five models for likelihood (surface erosion, bushfire etc)

Process to identify susceptibility and management factors
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Surface erosion: USLE factors

Topsoil erodibility (K Factor) 
0 to 0.1
0.1 to 0.2
0.2 to 0.3
0.3 to 0.4
0.4 to 0.5
>= 0.5

16.7
16.7
16.7
16.7
16.7
16.7

0.3 ± 0.17

Rainfall Erosivity (R Factor)
100 to 120
120 to 140
140 to 150

33.3
33.3
33.3

128 ± 15

Cover (C Factor)
0 to 0.2
0.2 to 0.4
0.4 to 0.6
0.6 to 0.8
0.8 to 1

20.0
20.0
20.0
20.0
20.0

0.5 ± 0.29

Erosion (t/ha)
0 to 20
20 to 40
40 to 60
60 to 80
80 to 100
>= 100

16.7
16.7
16.7
16.7
16.7
16.7

60 ± 35

Topography (L & S factors)
0 to 1
1 to 2
2 to 3
3 to 4
4 to 5
5 to 6
6 to 7
7 to 8
8 to 9
9 to 10

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

5 ± 2.9

Surface erosion likelihood (A)

Soil erodibility (K)

Rain erosivity (R)

Slope length and gradient (S and L)

Vegetation cover (C)

USLE:  A = K * R * S * L * C 
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Drivers of erodibility and topography factors

A8

Topsoil erodibility (K Factor) 

0 to 0.1
0.1 to 0.2
0.2 to 0.3
0.3 to 0.4
0.4 to 0.5
>= 0.5

16.7
16.7
16.7
16.7
16.7
16.7

Machinery load during earthworks (tonnes)

0 to 10
10 to 20
20 to 30
30 to 40
40 to 50

20.0
20.0
20.0
20.0
20.0

Soil moisture @ time of trafficking (%) 

0 to 5
5 to 10
10 to 15
15 to 20
20 to 25
25 to 30
>= 30

14.3
14.3
14.3
14.3
14.3
14.3
14.3

Topsoil bulk density (g/cm3)

0 to 1.2
1.2 to 1.4
1.4 to 1.6
1.6 to 1.8
1.8 to 2
>= 2

63.6
3.90
3.33
2.89
2.57
23.7

Permeability (mm/h)

0 to 20
20 to 40
40 to 60
60 to 80
80 to 100
>= 100

16.2
15.8
16.0
16.4
16.9
18.7

Current soil organic matter (%)

2.25 to 2.5
2 to 2.25
1.75 to 2
1.5 to 1.75
1.25 to 1.5
1 to 1.25
0.75 to 1
0.5 to 0.75
0.25 to 0.5
0 to 0.25

   0
   0
   0
   0
   0

 100
   0
   0
   0
   0

1.125 ± 0.072

Rainfall Erosivity (R Factor)
100 to 120
120 to 140
140 to 150

33.3
33.3
33.3

Cover (C Factor)

0 to 0.2
0.2 to 0.4
0.4 to 0.6
0.6 to 0.8
0.8 to 1

20.0
20.0
20.0
20.0
20.0

Erosion (t/ha)

0 to 20
20 to 40
40 to 60
60 to 80
80 to 100
>= 100

16.7
16.7
16.7
16.7
16.7
16.7

Topsoil sodicity (ESP)

0 to 20
20 to 40
40 to 60
60 to 80
80 to 100

20.0
20.0
20.0
20.0
20.0

Slope angle (%)

0 to 20
20 to 40
40 to 60
60 to 80
80 to 100

   0
30.0
50.0
20.0

   0

Slope shape

Concave
Convex

50.0
50.0

Slope length/contour bank spacing (m)

Short
Long

50.0
50.0

Topography (L & S factors)

0 to 1
1 to 2
2 to 3
3 to 4
4 to 5
5 to 6
6 to 7
7 to 8
8 to 9
9 to 10

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

Topsoil texture

Sandy Loam
Loam
Clay Loam
Light Clay
Medium Clay
Heavy Clay
etc

14.3
14.3
14.3
14.3
14.3
14.3
14.3
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Topsoil erodibility (K Factor) 

0 to 0.1
0.1 to 0.2
0.2 to 0.3
0.3 to 0.4
0.4 to 0.5
>= 0.5

16.7
16.7
16.7
16.7
16.7
16.7

0.3 ± 0.17

Machinery load during earthworks (tonnes)
0 to 10
10 to 20
20 to 30
30 to 40
40 to 50

20.0
20.0
20.0
20.0
20.0

25 ± 14

Soil moisture @ time of trafficking (%) 
0 to 5
5 to 10
10 to 15
15 to 20
20 to 25
25 to 30
>= 30

14.3
14.3
14.3
14.3
14.3
14.3
14.3

17.5 ± 10

Topsoil bulk density (g/cm3)

0 to 1.2
1.2 to 1.4
1.4 to 1.6
1.6 to 1.8
1.8 to 2
>= 2

63.6
3.90
3.33
2.89
2.57
23.7

1.08 ± 0.71

Permeability (mm/h)
0 to 20
20 to 40
40 to 60
60 to 80
80 to 100
>= 100

16.2
15.8
16.0
16.4
16.9
18.7

61.7 ± 35

Topsoil texture

Sandy Loam
Loam
Clay Loam
Light Clay
Medium Clay
Heavy Clay
etc

14.3
14.3
14.3
14.3
14.3
14.3
14.3

Current soil organic matter (%)

2.25 to 2.5
2 to 2.25
1.75 to 2
1.5 to 1.75
1.25 to 1.5
1 to 1.25
0.75 to 1
0.5 to 0.75
0.25 to 0.5
0 to 0.25

   0
   0
   0
   0
   0

 100
   0
   0
   0
   0

1.125 ± 0.072

Rainfall Erosivity (R Factor)
100 to 120
120 to 140
140 to 150

33.3
33.3
33.3

128 ± 15

Period of year

Late dry
Summer
Late wet
Winter

25.0
25.0
25.0
25.0

Cover (C Factor)
0 to 0.2
0.2 to 0.4
0.4 to 0.6
0.6 to 0.8
0.8 to 1

20.0
20.0
20.0
20.0
20.0

0.5 ± 0.29

Erosion (t/ha)
0 to 20
20 to 40
40 to 60
60 to 80
80 to 100
>= 100

16.7
16.7
16.7
16.7
16.7
16.7

60 ± 35

Topsoil sodicity (ESP)

0 to 20
20 to 40
40 to 60
60 to 80
80 to 100

20.0
20.0
20.0
20.0
20.0

50 ± 29

Slope angle (%)

0 to 20
20 to 40
40 to 60
60 to 80
80 to 100

   0
30.0
50.0
20.0

   0

48 ± 15

Slope shape

Concave
Convex

50.0
50.0

Slope length/contour bank spacing (m)
Short
Long

50.0
50.0

Topography (L & S factors)
0 to 1
1 to 2
2 to 3
3 to 4
4 to 5
5 to 6
6 to 7
7 to 8
8 to 9
9 to 10

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

5 ± 2.9

Controlled burning

Yes
No

50.0
50.0

Veg cover (%)

0 to 20
20 to 40
40 to 60
60 to 80
80 to 100

20.0
20.0
20.0
20.0
20.0

50 ± 29

Utilisation rate

Heavy
Medium
Light
None

25.0
25.0
25.0
25.0

Vegt cover @ Sept/Oct (late dry season)

0 to 20
20 to 40
40 to 60
60 to 80
80 to 100

21.4
19.9
19.8
19.5
19.4

49.1 ± 29

Accidental fire Sept/Oct (late dry season)

Yes
No

1.40
98.6

Drought
true
false

50.0
50.0

Current total PAWHC (mm)

0 to 20
20 to 40
40 to 60
60 to 80
80 to 399.475

 100
   0
   0
   0
   0

10 ± 5.8

Soil fertility class
true
false

50.0
50.0

Biophys productivity

0 to 10
10 to 20
20 to 30

33.3
33.3
33.3

15 ± 8.7

Prior veg type

A Buffel grassland
B Buffel grassland
Native dominant grassland
Acacia dominant woodland
Eucalypt dominant woodland
Weed infested Buffel grassla...
Weed infested Native grassl...
Weed infested Acacia woodl...
Weed infested Euc woodland

11.1
11.1
11.1
11.1
11.1
11.1
11.1
11.1
11.1

Full likelihood side of surface 

erosion model
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Process used to identify consequences

Elicited model composition and structure

• Meetings of the research team

• Meetings with the risk-factor experts

Settled on ‘Site Condition’ as the threatened asset of 
value
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• Plant-Available Water-Holding Capacity (PAWC)

• Soil erodibility (K)

• Vegetation cover (C)

• Soil organic matter content (%)

• Possible change from existing vegetation type to a less 
preferred type (e.g. after fires)

Indicators of  ‘Site condition’
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Parent drivers of PAWC

New PAWHC (mm)
-99.851 to 0
0 to 20
20 to 40
40 to 60
60 to 80
80 to 399.449

52.3
18.1
14.3
7.84
2.03
5.34

-1.85 ± 76

PAWHC loss (mm)
0 to 1
1 to 2
2 to 3
3 to 4
4 to 5
5 to 7.5
7.5 to 20
20 to 99.9424

   0
   0
   0
   0
   0

0.75
27.2
72.1

47 ± 29

PAWHC deficit/surplus (mm)
0 to 399.3
-1 to 0
-2 to -1
-3 to -2
-4 to -3
-5 to -4
-7.5 to -5
-10 to -7.5
-15 to -10
-20 to -15
-494.419 to -20

17.7
0.52
0.41
0.40
0.45
0.52
1.52
1.44
3.03
2.82
71.2

-149 ± 220

Topsoil depth loss (m)
0 to 0.01
0.01 to 0.02
0.02 to 0.03
0.03 to 0.04
0.04 to 0.05
0.05 to 0.1
0.1 to 0.25
0.25 to 0.5
0.5 to 0.75
0.75 to 1

   0
   0
   0
   0
   0
   0

26.4
49.2
24.4

   0
0.383 ± 0.17

Current total PAWHC (mm)
0 to 20
20 to 40
40 to 60
60 to 80
80 to 399.475

24.0
24.8
26.2
18.8
6.21

51 ± 58

Topsoil PAWHC capacity (mm/m)
0 to 20
20 to 40
40 to 60
60 to 80
80 to 100

   0
   0
   0

49.6
50.4

80.1 ± 12

Current soil organic matter (%)
2.25 to 2.5
2 to 2.25
1.75 to 2
1.5 to 1.75
1.25 to 1.5
1 to 1.25
0.75 to 1
0.5 to 0.75
0.25 to 0.5
0 to 0.25

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

1.25 ± 0.72

Topsoil bulk density (g/cm3)
0 to 1.2
1.2 to 1.4
1.4 to 1.6
1.6 to 1.8
1.8 to 2
>= 2

 100
   0
   0
   0
   0
   0

0.6 ± 0.35

Topsoil texture
Sandy Loam
Loam
Clay Loam
Light Clay
Medium Clay
Heavy Clay
etc

14.3
14.3
14.3
14.3
14.3
14.3
14.3

Erosion (t/ha)
0 to 20
20 to 40
40 to 60
60 to 80
80 to 100
>= 100

   0
   0
   0
   0

 100
   0

90 ± 5.8
Current topsoil depth (m)

0 to 0.2
0.2 to 0.4
0.4 to 0.6
0.6 to 0.8
0.8 to 1

18.8
19.4
19.9
20.5
21.5

0.513 ± 0.29

Repeated for other indicators
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Drivers of PAWC recovery and role of other indicators

Recovery from PAWC deficit
Yes
No

 100
   0

Recovery from erodibility deficit 
Yes
No

50.0
50.0

Recovery from cover deficit
true
false

50.0
50.0

Recovery from deficit org matter
Yes
No

50.0
50.0

Recovery of stability
true
false

50.0
50.0

Site recovery  overall
Yes
No

 100
   0

Risk outcome
Low
Medium
High

 100
   0
   0

Desirability of Veg Change
Desirable
Neutral
Undesirable

   0
 100

   0

PAWHC deficit/surplus (mm)
0 to 399.3
-1 to 0
-2 to -1
-3 to -2
-4 to -3
-5 to -4
-7.5 to -5
-10 to -7.5
-15 to -10
-20 to -15
-494.419 to -20

17.7
0.52
0.41
0.40
0.45
0.52
1.52
1.44
3.03
2.82
71.2

-149 ± 220

Time
Months
Years
Decades
Centuries

25.0
25.0
25.0
25.0

Current veg type
A Buffel grassland
B Buffel grassland
Native dominant gras...
Acacia dominant woo...
Eucalypt dominant w...
Weed infested Buffel ...
Weed infested Native...
Weed infested Acacia...
Weed infested Euc w...

11.1
11.1
11.1
11.1
11.1
11.1
11.1
11.1
11.1

Threshold PAWHC mm
0 to 5
5 to 10
10 to 15
15 to 20
20 to 25
25 to 399.475

   0
   0
   0
   0

52.8
47.2

112 ± 120
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Next step

Probability data 

– Science– eg USLE

– Equations – logical expressions

– Empirical data – site data if available

– Expert opinion (CPTs)
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Likelihood – surface erosion

W: Topsoil sodicity (ESP)
0 to 20
20 to 40
40 to 60
60 to 80
80 to 100

20.0
20.0
20.0
20.0
20.0

50 ± 29

X: Slope length/contour bank spacing (m)
Short
Long

50.0
50.0

A: Slope angle (%)
0 to 20
20 to 40
40 to 60
60 to 80
80 to 100

   0
30.0
50.0
20.0
   0

48 ± 15

R: Permeability (mm/h)
0 to 20
20 to 40
40 to 60
60 to 80
80 to 100
>= 100

15.5
18.9
18.9
15.5
15.5
15.5

58.7 ± 34

B: Slope shape
Concave
Convex

50.0
50.0

E: Topography (L & S factors)
0 to 1
1 to 2
2 to 3
3 to 4
4 to 5
5 to 6
6 to 7
7 to 8
8 to 9
9 to 10

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

5 ± 2.9

N: Topsoil texture
Sandy Loam
Loam
Clay Loam
Light Clay
Medium Clay
Heavy Clay
etc

   0
   0
   0
   0

 100
   0
   0

Z: Erosion (t/ha)
0 to 20
20 to 40
40 to 60
60 to 80
80 to 100
>= 100

16.7
16.7
16.7
16.7
16.7
16.7

60 ± 35

H: Topsoil bulk density (g/cm3)
0 to 1.2
1.2 to 1.4
1.4 to 1.6
1.6 to 1.8
1.8 to 2
>= 2

33.7
22.3
22.5
16.4
5.14
   0

1.21 ± 0.5

U: Machinery load during earthworks (to...
0 to 10
10 to 20
20 to 30
30 to 40
40 to 50

   0
   0
   0
   0

 100
45 ± 2.9

Y: Topsoil erodibility (K Factor) 
0 to 0.1
0.1 to 0.2
0.2 to 0.3
0.3 to 0.4
0.4 to 0.5
>= 0.5

16.7
16.7
16.7
16.7
16.7
16.7

0.3 ± 0.17

J: Rainfall Erosivity (R Factor)
100 to 120
120 to 140
140 to 150

33.3
33.3
33.3

128 ± 15

T6: Accidental fire Sept/Oct (late dry sea...
Yes
No

2.00
98.0

T1: Vegt cover @ Sept/Oct (late dry season)

0 to 20
20 to 40
40 to 60
60 to 80
80 to 100

2.00
   0

98.0
   0
   0

49.2 ± 8

C: Soil moisture @ time of trafficking (%) 
0 to 5
5 to 10
10 to 15
15 to 20
20 to 25
25 to 30
>= 30

   0
 100
   0
   0
   0
   0
   0

7.5 ± 1.4

G: Prior soil organic matter (%)
2.25 to 2.5
2 to 2.25
1.75 to 2
1.5 to 1.75
1.25 to 1.5
1 to 1.25
0.75 to 1
0.5 to 0.75
0.25 to 0.5
0 to 0.25

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

1.25 ± 0.72

F: Cover (C Factor)
0 to 0.2
0.2 to 0.4
0.4 to 0.6
0.6 to 0.8
0.8 to 1

20.0
20.0
20.0
20.0
20.0

0.5 ± 0.29

A20: Drought?
true
false

50.0
50.0

A8: Period of year
Late dry
Summer
Late wet
Winter

25.0
25.0
25.0
25.0

S: Prior general veg cover (%)
0 to 20
20 to 40
40 to 60
60 to 80
80 to 100

   0
   0

 100
   0
   0

50 ± 5.8

T: Utilisation rate
Heavy
Medium
Light
None

25.0
25.0
25.0
25.0

T5: Controlled burning
Yes
No

   0
 100

A5: Biophys productivity
0 to 10
10 to 20
20 to 30

33.3
33.3
33.3

15 ± 8.7

M: EB soil fertility class
true
false

50.0
50.0

V: Topsoil PAWHC capacity (mm/m)
0 to 20
20 to 40
40 to 60
60 to 80
80 to 100

80 ± 12

G2: Prior veg type
A Buffel grassland
B Buffel grassland
Native dominant grassland
Acacia dominant woodland
Eucalypt dominant woodland
Weed infested Buffel grassland
Weed infested Native grassla...
Weed infested Acacia woodl...
Weed infested Euc woodland

 100
   0
   0
   0
   0
   0
   0
   0
   0

Parentless

Parentless

Parentless

Parentless
Parentless

Parentless

Parentless

Parentless

Parentless

Parentless

Science

Science

Science

Science

Science

Parentless

Parentless

Expert

Expert

Expert

Expert

Equation

Equation

Equation

Parentless

Parentless
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Summarised data requirements

1: Surface 

erosion

2: Subsurface 

erosion 
3: Bushfire 4: Weeds

5: Feral 

animals
Totals

Total nodes appearing 

for first time
58 9 12 21 19 119

Parentless nodes 18 2 3 8 7 38

Child nodes 40 7 9 13 12 81

Scientific sources -

equations, tables
7 7

Expert opinion 17 7 9 13 12 58

Simple logical 

expressions + - / *
16 16
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Questions or comments?


