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* Project Elements and Objectives
* C.4.1 Biogeomorphic linkages between
streamflow, sediment transport, and
vegetation composition

e LTEMP Resource Goals:

e Sediment
* Riparian vegetation

e Multidisciplinary project integrating data from
Projects B, C, D, and L

This information is preliminary and is subject to revision. It is being provided to meet the need for timely best

science. The information is provided on the condition that neither the U.S. Geological Survey nor the U.S.

Government shall be held liable for any damages resulting from the authorized or unauthorized use of the
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1. General discussion of how vegetation affects physical
river change

2. Changes in channel width of the Colorado River in
Marble and Eastern Grand Canyon (RM 0-74)
a) Vegetation encroachment - effects on channel width
b) Plant species responsible for narrowing

3. Vegetation induced changes in sandbar dynamics
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Why do channels change size and shape?

channels change in response to changes in the balance between water
and sediment supply

, evacuation |adcumulation

Sediment supply Sediment transport
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Of supplied sediment) / (floods)

Lane, 1955, modified by Borland (1960)



Water and Sediment Balance...
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Water and Sediment Balance...works well when you only
have water and sediment
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Water and Sediment Balance...gets messy when streamflow/sediment
transport are modified by other processes (e.g. plants) — FEEDBACKS?

Little Colorado River, AZ
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Flume Experiments:
Role of Vegetation on Channel Morphology

In this experiment, alfalfa sprouts were seeded and allowed to grow. Flow had simple hydrograph of low flow, and
flood flow.
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Tal and Paola, 2007
For other videos of their experiments, go to:
https://pubs.geoscienceworld.org/gsa/geology/article/35/4/347/129823/Dynamic-single-thread-channels-maintained-by-the



Little Colorado River

Little Colorado River, AZ
Looking Downstream from
Highway 89 bridge

near Cameron, AZ

D.J. Dean

Dean and Topping, 2019



Moenkopi Wash

Dean and Topping, 2024




Colorado River RM 71.7
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Colorado River RM 43.9




Why is bare sand g Ty

important in
Grand Canyon?
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Vegetation will track large changes in river stage.
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Vegetation will track large changes in river stage.

Increase in baseflows and lack of flood disturbance = vegetation expansion
between 8,000 ft3/s and 45,000 ft3/s stages.

_ Mean Vegetated Area by Year and Hydrologic Zone

31,000-45,000 ft3/s x
4 ,.-

=
b
S
m 3
ek
e
<
=
Qo
=
m
=
o 2
e
i)
=

'8,000-25,000 ft3/s

é,,u§,,,§,§ Modified from Sankey et al., 2015, JGR Biogeosciences; Durning et al., 2021, Ecohydrology
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Calculations of Channel Width

* Remote sensing datasets from
overflights (2002, 2009, 2013, 2021)
- Project L

1. Modeled water surface extents
(Magirl et al., 2008)

a) Historic channel was very
wide

b) Modern channel can’t
exceed 45,000 ft3/s
boundary (last HFEs to
reach 45k were 1996 and
2012)

Preliminary Information-Subject to Revision.
Not for Citation or Distribution



Calculations of Channel Width

* Remote sensing datasets from
overflights (2002, 2009, 2013, 2021)
- Project L
2. Digital surface models (DSMs)
— Elevation of ground and

vegetation surfaces (sankey and
others, 2025)

Preliminary Information-Subject to Revision.
Not for Citation or Distribution




Calculations of Channel Width

* Remote sensing datasets from
overflights (2002, 2009, 2013, 2021)
- Project L

3. Vegetation Maps (sankey and others,
2015; Durning et al., 2017)

Use vegetation to add

vertical offset to DSM
Intersect 45k water surface [ :
elevation with the DSM
Intersection gives

approximate channel width
Manually edit

Preliminary Information-Subject to Revision.
Not for Citation or Distribution




Calculations of Channel Width

* Remote sensing datasets from
overflights (2002, 2009, 2013, 2021)
- Project L

3. Vegetation Maps (sankey and others,
2015; Durning et al., 2017)

a. Use vegetation to add
vertical offset to DSM

b. Intersect 45k water surface
elevation with the DSM

c. Intersection gives
approximate channel width

d. Manually edit

Preliminary Information-Subject to Revision.
Not for Citation or Distribution
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Width of 45,000 ft3/s for each 0.1 mile reach
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Changes in Channel Width (RM 0-74)
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Changes in Channel Width (RM 0-74)
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Changes in Channel Width (RM 0-74)
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Changes in Channel Width (RM 0-74)
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Changes in Channel Width (RM 0-74)
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Changes in Channel Width 1963-2021, Segments
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Changes in Channel Width 1963-2021, Segments
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Width Change 2002-2021

2013-2021, Average=-2.5 m,-0.31 m/year
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Width Change RM 67
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Colorado River RM 61.9
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Width Change River Mile 41.4, Buck farm

2009
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Plant Area vs. Channel Narrowing

Percent Vegetated Area vs Percent Narrowing (p<0.001)
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Narrowing?

{

o

What Types of Plants Cause

-
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' «—__ Undifferentiated
Wetland Veg

Durning et al., 2021, Ecohydrology, Project L



Area Occupied by Vegetation for Each 10th River Mile
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Width Change River Mile 41.4, Buck farm

2009




Change in Bar Dynamlcs RM 41.4, Buck farm

e Use survey data to
evaluate sandbar
activity (Project B)

* What parts of the
sandbars were
active over the
periods prior to
the imagery?
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Change in Bar Dynamics — RM 41.4, Buck farm
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Change in Bar Dynamics — RM 41.4, Buck farm
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Change in Bar Dynamics — RM 41.4, Buck farm
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Change in Bar Dynamics — RM 41.4, Buckfarm
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Change in Bar Dynamics — RM 51.5
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Change in Bar Dynamics — RM 51.5




Change in Bar Dynamics — RM 51.5




Summary

Reduced peak flows (loss of disturbance) + Increased baseflows
Vegetation encroachment and channel narrowing

1963 — 2002 — narrowing of ~¥20m or ~23%

2002 — 2009 - narrowing of ~¥3m or ~2.9%

2013 — 2021 - narrowing of ~2.5m or ~2.5%

Further narrowing is likely; additional ~10m or ~10% is possible.
Loss of eddy sandbar dynamics — Implications for riverine habitat?
Implications for current/future sand bar responses to HFEs?

. preliminary data, do not cite
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