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Background

Research Objectives

Research Questions

Study Site and Data

- Historical data in the form of topographic maps and aerial photographs are increasingly 
scanned and georeferenced into digital format for comparison with contemporary high-
resolution topography (HRT) and aerial or satellite photos.

- Quantify the magnitude of measurement-scale e�ects (e.g., ‘Sadler e�ects’) for 
measurements of channel migration. 
- Assess whether measurement-scale e�ects change in di�erent geormophic 
contexts (e.g., detect changes in biases based on degree of channel con�nement, slope).
- Compare measurement-scale e�ects for multiple sets of photos within similar 
geomorphic environments.
- Adjust/correct channel migration measurements for measurement-scale e�ects and 
compare to unadjusted results.
- Measure where signi�cant migration occurs above the level of detection (LOD) from a 
nonuniform error raster+ based on methods from Lea & Legleiter (2016).
- Determine whether increased discharge has driven similar changes in lateral migration.

- Comparing historical and contemporary datasets is a common technique to estimate 
channel migration as well as changes in �uvial morphology and ecological habitats.
- Sadler (1981) and Gardner (1987) demonstrated that measurements of an 
unsteady process (e.g., sediment accumulation, channel migration) are biased low at
longer measurement intervals, often referred to as ‘Sadler E�ects’.
- At present, no studies that measure channel migration with aerial photograph 
comparisons account for potential measurement biases arising from di�erent temporal 
resolutions.

Methods Current results (in progress)
1. Measure migration (Δx) over 55 di�erent measurement-scales (Δt), ranging 1-76 years.

Measurement scale e�ects

2.  For each geomorphic zone, test for signi�cant changes over time using Mann-Whitney
and Kolmogorov-Smirnov tests.

 Testing for signi�cant changes over time.
Signi�cant changes were only found in 45% of comparisons between pre- and 
post-2000 rates of channel migration across the three geomorphic zones.

-This is a signi�cant because:
a. Root River �ows have increased 60-80% since 1990 (Stout et al.,2012).
b. Discharge-TSS relationships along the Root are the highest found in Minnesota.
c. Fingerprinting results suggest sediment �ux is primarily (~60%) derived from 
�oodplains and near-channel sources.

Based on these �ndings: Decadal increases in �ow should drive increased TSS, and 
therefore, remobilization of �oodplain sediment.

3.  For each of three geomorphic zones, assess for measurement-scale e�ects as outlined 
in Gardner (1987). Plot log(Δx) vs. log(Δt) and compare to a 1:1 line. If the values deviate 
from 1:1 line, it indicates a measurement-scale bias exists.

For each of three geomorphic 
zones, migration regression slope
values were signi�cantly di�erent
than the 1:1 line at large Δt 
values, but not from each other 
(excluding zones 3 and 2, 
p~0.004). Respectively, each
result indicates that migration 
measurents are biased, but the 
bias is largely independent of 
geomorphic conditions.

Continuous error rasters were 
generated and are being 
applied to the data to �lter 
out non-signi�cant values. 
We recognize this will alter 
the results, and will re-
analyze the data once we 
uncertainty (due to 
digitization and 
georeferencing) has been 
fully accounted for.

2.  Test for signi�cant di�erences in linear regression slopes and intercepts. Di�erences
indicate that measurement-scale e�ects are dependent on geomorphic context.

3.  Adjust rates based on measurement scale biases and determine where signi�cant
changes occur above the level of detection. Sources of error include digitizing (assumed 
to be constant across the photo) and georeferencing (spatially discontinuous).
4.  Re-test for signi�cant di�erences in migration rates over time.

- How does temporal measurement scale in�uence estimates of channel migration rate?
- If measurements of migration are biased, can they be corrected/adjusted based on 
their temporal measurement scale (Δt between photos)? 
- Are measurement-scale biases dependent on geomorphic context and/or the unique 
set of aerial photographs? 
- Does an optimal temporal scale(s) exist at which measurements accurately capture 
the magnitude and variability in channel migration?
- Has increased discharge along the Root River led to similar changes in channel 
migration over the past 75 years?

- Root River, Minnesota, 4,300 km2

- Three distinct geomorphic zones, based on con�nement and slope.
- Aerial photograph sequence (1937-2013) covering 120-km of river.
- Measurement scale ranging from 1 - 76 years.
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Contact and feedback: 

Mitchell Donovan- mdonovan@aggiemail.usu.edu
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 Testing for signi�cant di�erences in measurement-scale e�ects

 Error/uncertainty analyses


