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Soil erosion dynamics proxied by lateral cover

Dr. Adrian Chappell

Life Cycle Assessment workshop; April, 2014



Soil erosion: factors, causes and interactions

Lal (2001) Land Deg & Develop



Factors controlling soil erosion

• Universal Soil Loss Equation (USLE)
• Plot and rainfall simulator experiments; 
• Average annual soil loss (A) includes rainfall erosivity (R), 

soil erodibility (K), topographic (L and S) and cropping and 
management factors (C and P) 

• A = RKLSCP

• Focus on soil erodibility?
• Index based on soil particle size, OM content, soil 

structure and profile permeability (Wischmeier)

• Interface between erosivity and erodibility?
• Aerodynamic / fluid roughness



Australian soil erosion (t ha-1 y-1)

• Gross (time period 
unspecified) hillslope
water erosion (Lu et 
al. 2003 AJSR)

• 137Cs-derived net 
(1950s-1990) soil 
redistribution (erosion 
and deposition) by all 
processes (wind, 
water and tillage; 
Chappell et al. 2011 
JGR)



Global soil erosion estimates

• Oceania gross water erosion (year 2000): cropped = 0.3 Pg y-1, pasture 
= 0.5 Pg y-1 (Doetterl et al., 2012)

• Australian net (1950s-1990) soil redistribution (all processes): cropped 
= 0.079 Pg y-1, rangeland = 0.15 Pg y-1

• Gross water erosion larger - but pasture / rangeland dominated by wind 
erosion - similar for wrong reason?



…and wind erosion (dust emission)

• Efficient, selective and rapid 
‘conveyor’ from terrestrial 
ecosystem of flows.

• Dust cycle interrelated with C and 
energy cycle

• Australian dust emission (2000-
2010)

• Cropland - larger rate, small 
area, small total 0.004 Pg y-1

• Rangeland – smaller rate, large 
areas, large total 0.1 Pg y-1

• Rangeland gross water erosion 
unreliable?

Chappell, et al., (2013) Global Change Biology



Conveyor (C, N, P…) dynamics

Chappell, Webb, Viscarra Rossel & Bui (submitted) Biogeosciences

eeeros POCEC ´´=

Native or 
recent?

Erosion rate dynamics:
• Pre-European, 
• Ag expansion,
• Ag stabilisation?

Enrichment:
• Property dependent
• Typically approx

(tC ha-1 y-1)



Shao (2001)

Soil erodibility

• Soil erosion difficult (expensive) to measure 
repeatedly over large areas (monitor) – proxy?

• Erodibility - dominated by (aerodynamic / fluid) 
surface roughness (approximated as lateral cover)



Lateral cover (6%

width

he
ig

ht

=

wake

wind

67����
�8��



Australian lateral cover (March 2013)

• MODIS RGB
• R=6SWIR3 (brown veg)
• G= 6NIR (green veg)
• B=6BLUE (bare)

• Every 500 m and 16 
days

Using MODIS (albedo) MCD43A3
Chappell, Guerschman et al. (in prep) Remote Sensing of Environment



Soil condition (quality indicator) �  lateral cover

• Modelling of soil erosion using USLE:
• Available data layers (local-regional)
• Water erosion only and uncertain
• WEQ (never been applied globally)

• Mapped 137Cs-derived net soil 
redistribution provide baseline 1990

• Measure 137Cs in SCaRP samples to map 
difference 2010 (cultivated land only)?

• Replace with lateral cover controlling soil 
erosion? 

• Clearing, grazing and cultivation can be 
represented as change in aerodynamic 
roughness across scales of veg (green), 
residues (brown) and soil (bare)



Thoughts arising from discussion…

• Uniqueness
• Misleading (second-order) focus on Australian soil
• Replace with commonality to maximise applicability

• First order
• Land use change and management fundamentally changed soil 

condition from native to current
• Second-order indicators cannot explain this fundamental change in 

soil condition
• Indicator(s) which explain the first order changes to Australian soil 

condition are globally significant = soil erosion (lateral cover).

• Dynamics
• Which erosion rate used in LCA calculation, pre-European 

settlement, ag expansion, ag stabilisation?

• Conveyor
• Requirement to quantify loss of e.g., soil nutrients or to more 

generally indicate change? 
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Humus carbon
(<0.05mm)

10 mm10 mm10 mm

Resistant
(charcoal <2mm)

20 mm20 mm

Particulate carbon
(2mm – 0.05 mm)

400 mm400 mm400 mm

Replace conceptual model pools 
with measurable fractions

RPM = POC
HUM= HOC
IOM = ROC (Charcoal C)
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SOIL DATA – APSRU soil profiles + soil classes
Black circles show locations of the 613 APSRU refer ence sites
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Sub-Regions for refined 
representative crop rotations & 
management scenarios
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Point Simulations ( Scalability ):

SOC Potential – Crop, Residue, N application



Scalability:

SOC Potential –
regional scale
Representative rotations
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Environment 
Management

&	���HH

• Biota in soil are diverse in terms of size, 
numbers and habitat requirement

• High phenotypic/taxonomic diversity and 
functional redundancy contribute to 
functional capability and resilience

• Habitat heterogeneity and microscale 
protection influences biota exposure to 
stress/stimuli and the response

• Key factors – availability of C, moisture, 
temperature, pH, chemical constraints
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