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1. INTRODUCTION
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3. STUDY SITES

4. SULPHUR CREEK

Advances in topographic surveying technologies have
made the rapid acquisition of topographic data and
production of digital elevation models (DEMs) in the
fluvial environment possible at spatial resolutions and
extents
previously
unimaginable.
Consequently,
monitoring geomorphic changes and estimating fluvial
sediment budgets through DEMs of difference (DoD) has
now become a tractable, affordable approach for both
research and long-term monitoring. However, meaningful
quantitative
geomorphic
interpretation
of
repeat
topographic surveys has received little attention from
either researchers or practitioners, with most of the focus
being on the influence of DEM uncertainty.

Analyses were applied to DoDs from three contrasting
types of geomorphic monitoring in different systems.

Simple,
but
interpretatively
powerful,
spatial
classification masks can be used to segregate reach-scale
DoD analyses, while accounting for the influence of DEM
uncertainty. The masks can be based on any spatial
classification deemed useful to interpreting the
geomorphic response. The results highlight distinctive
geomorphic signatures between different styles of
change. Despite fundamentally different process suites
between the study sites, the budget segregation
technique is in each case aids in more reliable and
meaningful
geomorphic
interpretations
of
DEM
differences.

Figure 2: Study Reaches: A) River Feshie, Cairngorm Mountaints,
Scotland; B) Sulphur Creek, Coast Range, California; C)
Mokelumne River, Sierra Foothill, California.
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5. MOKELUMNE

– SPAWNING HABITAT REHABILITAITON

By differencing geomorphic classifications before & after,
a classification of difference can be derived for use as a
mask to segregate the DoD changes.

Figure 8: Thresholded elevation
change distributions.

4. SULPHUR CREEK

Over 2225 m3 of gravel
was placed as part of a
multi-year
spawning
habitat
rehabilitation
project. However, roughly
138 m3 of other meaningful
deposition and 539 m3
were also recorded. Below,
different masks were used
to segregate the DoD
elevation
change
distribution at left.

Below, two primary types of mask are used to differentiate
between those changes due to the artificial placement of gravel
versus adjustments due to natural fluvial processes. These are
a the expert-based geomorphic change interpretation and a
simple morphological classification based of the as-built
features.
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6. FESHIE
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– ANNUAL MONITORING OF A BRAIDED RIVER

Figure 12: Thresholded elevation
change distributions.

This braided reach of the
Feshie exhibits a broad
range of fluvial processes
that make up its net
degradational
budget.
Bank erosion & channel
deepening are the most
prominent
erosional
categories
of
change,
whereas bar development
dominates
the
depositional signature in
2007-2006.

– RESPONSE TO NEW YEAR’S FLOOD

A major flood on New Year’s Eve in 2005 produced
approximately 1995 m3 of deposition and roughly 142 m3
of erosion in this short 300 m long reach. In addition to a
gross accounting of change, what else can be inferred
from the DoDs below?

Figure 5: Example of a Classification of Difference (CoD) used to
segregate the DoD. Note the difference in aerial versus
volumetric proportions.

2. METHODS

Alternatively, an expert derived inference of the
geomorphic changes, which took place can be derived
based on all available forms of evidence.

Figure 13: Segregation of DoD (A) through inference of geomorphic
processes (B) from a mix of field, DoD, DEM, & aerial photo
evidence.

Figure 9: Two types of masks used to segregate the DoD budget (c)
based on a geomorphic process interpretation (a) and a
morphological unit classification (b).
Figure 1: The process of calculating a
DEM of Difference (DoD)

Uncertainties in the individual DEMs propagate into the
DoD calculations, and were accounted for here through
use of a fuzzy inference system and spatial coherence
analysis developed by Wheaton et al. (2004). The
primary question here is how to make geomorphic
interpretations at a resolution consistent with the
topographic surveys as opposed to gross reach scale
interpretations. An extension to allow segregation of the
DoD by spatial masks, was written for DoD Uncertainty
Analysis Software developed by the authors.

Figure 3: A DoD (A) thresholded by two levels of sophisticated
uncertainty analysis (B & C), and their corresponding elevation
change distributions (D-I).

Figure 6: Illustration of mask derivation (D) of geomorphic
processes based on inference from available field (A), aerial
photo (B), and DoD (C) evidence.
Lateral Bar Development

Figure 14: Segregation of volumetric elevation change distribution in
Figure 12B, by mask in Figure 13B.
Figure 10: Segregation of elevation change distribution in Figure 8B
by geomorphic interpretation mask in Figure 9A.

Figure 2: Geomorphic Interpretation Extension to DoD Uncertainty
Analysis Software.
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Figure 4: A simple sub-reach classification (A) resulting in three masks
of the DoD (B) and their corresponding elevation change
distributions (C-E).

Figure 7: Segregation of elevation change distribution in Figure 7B
by geomorphic interpretation mask in Figure 8A.

Figure 11: Subset of three dominant classes in segregation of
elevation change distribution in Figure 8B by morphological
unit classification mask in Figure 9B.

7. CONCLUSION
Applying simple analysis masks based on a variety of
classifications (e.g. sub-reach segregation, classification
of difference, geomorphic classification, geomorphic
process inference) to DoD analyses, provides quantitative
and graphical aides, which assist in making more
meaningful interpretations of geomorphic changes
captured by DoDs.
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