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1. Overview of landscape evolution models
(LEMSs)

2. Perspectives on erosion modeling at West
Valley
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Brief History

1940s and 50s: birth of quantitative landform

analysis

1960s: USLE introduced. First geomorphic
transport functions. Example: g.= D S

1970s: first computer models of 3D landform

evolution

1990s: modern generation of models
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Some Current Models

Table 1: Partial list of numerical landscape evolution models published between

1991 and 2005
Model Example reference' Notes
SIBERIA Willgoose et al. (1991) Transport-limited; introduces
channel activator function
DRAINAL Beaumont et al. (1992) Fluvial transport based on
“undercapacity” concept
GILBERT Chase (1992) Cellular automaton
DELIM Howard (1994) Detachment-limited
GOLEM Tucker and Slingerland Introduces algorithms for
(1994) regolith generation and
landsliding
CASCADE Braun and Sambridge (1997) Introduces irregular
discretization method
CAESAR Coulthard et al. (1997) Cellular automaton algorithm
for 2D flow field
ZSCAPE Densmore et al. (1998) Introduces stochastic bedrock
landsliding algorithm
CHILD Tucker and Bras (2000) Introduces stochastic
treatment of rainfall and
runoff
€ROS Crave and Davy (2001) Modified precipiton
algorithm
Notes:

1. First reference in mainstream literature.
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(source: Tucker and Hancock, in review)




Ingredients of a LEM

STARTING CONDITIN

e Grid of cells

* Hydrology model
» Geomorphic transport functions for:
— Water-driven sediment transport processes
— Gravity-driven transport processes (hillslopes)
— Other processes (e.g., weathering, vegetation)

Initial and boundary conditions
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Example of a Landscape
Evolution Model

(quicktime movie)

CONFIDENTIAL Pre-Decisional Draft, Not to be Considered as a Regulatory Submittal



SOIL CREEP THRESHOLD LANDSLIDING

PORE-PRESSURE DRIVEN
\TURATION-EXCESS LANDSLIDING

RUNOFF

Tiialrav AanA Deas 7/10NO0N

Smooth and rough landscapes

* Roughening: growth of rills and gullies
— Less vegetation, more runoff, more erodible soils
» Smoothing: soil creep

— Rapid soil mixing by plants and animals, ice growth in
soil, and other processes

Simpson and Schlunegger (2003)
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Applications of Landscape Evolution
Models

» Better understanding of surface processes and
dynamics

» Design and decision-making for mine spoil
engineering and reclamation

» Gully erosion analysis to support land
management

» Fate and transport of heavy metals in sediments

» Sediment flux and storage in forested mountain
drainage basins
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Two examples
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