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Introduction and Motivation
Capacity-based Saltation Abrasion (CSA) 
Model
Sklar and Dietrich [e.g. 2004] introduced a mechanistic bed-
rock incision formulation that relates incision to the local sedi-
ment transport rate. Unlike the stream power incision model 
(a commonly-used bedrock incision model), the bedrock inci-
sion rate is based on natural processes of bedrock incision. In 
this model, we assume that the bedrock incision is caused by 
sediment tools corrading the bed. 

pc is the aerial fraction of bed covered by alluvium (0, bare 
bed to 1, covered bed) and β is an abrasion coefficient. In 
their work, they related the cover factor to a ratio correspond-
ing to the sediment transport rate, q, divided by the sediment 
transport capacity, qc.

Macro-Roughness-based Saltation Abra-
sion Alluviation (MRSAA) Model
Zhang et al. [2015] introduced a new model that includes allu-
vial morphodynamics. In this model, the cover factor is related 
to the ratio of the local alluvial thickness, ηa, divided by the 
bedrock macro-roughness, Lmr.

Reach Scale vs. Landscape Scale
Reach Scale
• The single source of sediment comes
from the upstream boundary.
• At equilibrium, the sediment transport 
rate is uniform and equals the prescribed 
sediment input rate in the entire channel.
Landscape Scale
• Sediment is fed from both 
the upstream boundary and 
the hillslopes.
• At equilibrium, the sediment 
transport rate increases in the 
downstream direction.
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Figure 1: Schematic of bedrock macro-roughness and alluvial thickness.

Figure 2: Conceptual drawing
of the reach scale of a river.

Figure 3: Conceptual drawing
of the landscape scale of a river.

The Model
Where does this work fit in the literature?

Governing Equations
Bedrock conservation equation:
The bedrock elevation rises due to a vertical rock uplift rate 
and lowers due to corrasion of the bed from sediment parti-
cles striking the bed.

Alluvial Morphodynamics:
In the channel, the bed receives alluvium from both upstream 
sources and hillslopes, increasing the alluvial thickness. The 
local sediment transport rate removes alluvium, decreasing 
the thickness.
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Figure 4: Pillsbury rubs
her scenting glands on

her newly acquired
territory.

The Results
Alluvial Morphodynamics (0-5 yrs)
Alluvial Cover Stripping
Figure 5: Starting with a 
completely but barely allu-
viated bed (pc = 1.0), the 
sediment feed is reduced to 
zero.

Alluvial Cover Deposition
Figure 6: The bed is initially 
bare, and a sediment feed 
is introduced, causing em-
placement of an alluvial 
layer.

Halving the Sediment 
Supply
Figure 7: The bed is initially 
at equilibrium with a pre-
scribed sediment feed; then 
the feed is halved, decreas-
ing the alluvial thickness.

Doubling the Sediment 
Supply
Figure 8: The bed is initially 
at equilibrium with a pre-
scribed sediment feed; then 
the sediment feed is dou-
bled,increasing the alluvial
thickness.
Bedrock Evolution 
(0-20,000 yrs)
Halving the Sediment 
Supply
Figure 9: In response to the 
decrease in sediment supply,
the channel’s slope be-
comes gentler.
Doubling the Sediment 
Supply
Figure 10: The bedrock 
channel steepens in re-
sponse to the increased 
sediment supply.

Figure 10: Bedrock response 
to increased sediment feed.

Figure 9: Bedrock response to 
decreased sediment feed.

Figure 8: Alluvial cover response 
to doubling the sediment feed.

Figure 7: Alluvial cover response 
to halving the sediment supply.

Figure 6: Depositing of the alluvial cover.

Figure 5: Stripping of the alluvial cover.

Discussion and Conclusions
Quasi-steady Approximation
The quasi-steady approximation is commonly used in the field 
of river morphodynamics and sediment transport. For exam-
ple, flow hydraulics are commonly assumed to be steady 
(quasi-steady) while the bed evolves slowly. CSA assumes 
that the alluvial morphodynamics are quasi-steady while 
MRSAA does not. This approximation simplifies the computa-
tion of the model but does not always apply. In the case of 
flow hydraulics and sediment transport, the approximation is 
invalid when there are rapidly varying hydrographs.

CSA
• Assumes that the alluvial layer is quasi-steady.
• The alluvial layer adjusts instantaneously to changes in the 
bedrock channel
• The bedrock channel slowly evolves after changes in the al-
luvial layer.
MRSAA
• Unsteady alluvial morphodynamics are modeled.
• When the quasi-steady approximation is valid, MRSAA’s 
solutions will converge to results similar to CSA’s results. 
• When there are rapid changes in sediment supply, CSA’s 
assumption of quasi-steady alluvial morphodynamics is inap-
propriate, and the two models diverge.
Examples of Rapid Changes in Sediment Supply
• Sediment feed from the surrounding landscape is unsteady.
• Landslides and mass failures can add large amounts of 
sediment to the channel at intermittent intervals.

A landscape-scaled MRSAA model is a much needed forward 
step in better understanding the connections and feedbacks 
between hillslopes and bedrock channels.
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