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WHAT CAPTURED OUR iGwA“TF»ON IN HRT?

o

he!
z

Brasington et al., 2012; Rychkov et'ai?;,g-\201_2:“_'-'. -8 e % 1L o




PURPOSE OF TALK

e Share with you my perspectives & impressions of
high resolution topography (w/o many pictures of
HRT) & how to transcend disciplines with it

e

ot

Convince you its time we moved past the
pretty pictures & past the methods...
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OVER-FOCUS ON ‘DO IT BECAUSE WE CAN’

o Why?
e Because we can see In

data, what we see on
the ground.

e Is method driving our
science or are we?

e Let’s not fool ourselves...
We are not advancing |
these technologies...
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WHAT ARE THE TRENDS?

e Explosion of topographic survey
methods

e Cheer-leading for certain
technologies

e Same mistakes keep being made!

 Appreciation of role of uncertainty... 8
yet continued use of unsophisticated §
methods for coping with it

e Wow... look at my point cloud

e Hey, I've got two surveys. That
) _should be publlshable
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WHAT ARE THE RECENT DEVELOPMENTS?

e Consolidation of topographic survey methods
e Emergence of ‘hybrid” data collection techniques
o Better error models

e Emergence of more standardized methods for
raster-based change detection

e Point-cloud processing (ironically -> decimation
focused)

e Cloud-to-Cloud change detection
e Large scale applications
e Novel monitoring applications

A

ul' m UtahStateUniversity



CONCLUSIONS

o We focus too much on methodological tangents

— Too often these include things that are known:

e How to acquire topographic data for surfaces of interest
e Lost in signal to noise: uncertainty and error modelling

e We are not driving the technology... we're
following it — Oh... look ... something shiny

e Is more always better? What do I really need?

— While HRT acquisition and processing is getting quicker
— we quickly find black holes of processing

e What are the questions I really care about?
e What can HRT tell me that I didn't already know?
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GCD... SO WHAT?

e What can we do with
that repeat
topography? NEW DEM

e Develop a direct
measure of fluvial
erosion and deposition .

e Estimate change in
storage terms of
sediment budgets
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BRIDGE CREEK....
Little incision problem...

Bridge Creek
Watershed




USING BEAVER TO RESTORE INCISED STREAMS

B W

published March 26, 2014

BioScience Advance Access
— Overview Ar ticles

Using Beaver pams to Restore
Incised Stream Ecosystems

MICHAEL M. POLLOCK. TIMOTHY J. BEECHIE, JOSEPH M. WHEATON, CHRIS E. JORDAN, NICK BOUWES,

NICHOLAS WEBER, AND CAROL VOLK

beaver dams, las -wdundbwngruh.mAmm«nmlmdkw4w&xsmmmnymmbulw
maxdels of how streams dhange oW time. Many streams have incised becasse of changing dimate or land-us¢
Because incised streams provide kmited bencfits to biota, they aré & common focus of restoration efforts. Contemporary maodels of

characteristics, and most restoration efforts are also focused on manipulatieg

Keywonds: ecosysten sestoration, Stream restonition, conservation, beaver, Castoe casadensis

world, channel  relationships between sediment transport and hydrology-
incision is 2 widespread environmental problem that  The role of living organisms i generally minimized, espes
has caused extensive ecosystem degradation (Wang <t al.  cially for beaver, live vegetation, and dead wood (Schumm
1997, Montgomery 2007). The defining characteristics of et al 1984, Simon and Hupp 1986, Elliot et al. 1999). The
an incised alluvial stream are 3 Jowered streambed and dis- absence of beaver in such models & particularly notable,
connection from the floodplain (Darby and Simon 1999).  given their widely recognized role in shaping stream ecosys=
ical habitat degrade stream tems (Naiman et al. 1988, Gurnell 1998, Pollock et al. 2003,

The resulting changes in physical
ecasystems (Shields et al. 1994, 2010). Ample evidence in  Burchsted et al. 2010). More recently, incision=aggradation
models have inc floodplain cunpkmum;ddr

TWMMWMIM

the geological record indicates that channel incision occurs
naturally and may be related to changes in climate (Bryan tional and ecologically desirable hydrogeomorphic stage that
occurs in some fluvial ecosystems (see Cluer and Thorne

1925, Elliot et al. 1999). However. 3 great many instances of
channdmmhzv:bcensbuwn!obec.uxdbfmwbc
correlated with changes in land use (Cooke and Reeves 1976,
Montgomery 2007). Many of these changes are also contems=
porary with the widespread extirpation of beaver (Castor
canadensis) in the nineteenth century (Naiman €t al 1988).
In addition to lowered streambed clevation and discon=
nection from the floodplain, common physical effects of
alluvial incision include Jowered groundwater tables, the loss
of wetlands, lower summer base flows, warmer water tem=
peratures, and the Joss of habitat diversity. Biological effects
include a substantial loss of riparian plant biomass and
diversity and population dedlines in fish and other aquatic
ssms (for a review, see Claer and Tharne 2014).

changes over time is essent
tial. However most incisson=aggradation models describe

only those pomorplmlop:al changes on the basis of

BiaSciemer X0 1~
Government employess and o i
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1 the public domain = the US.
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2014). Restoration of complex floodplains is important
because such habitat i essential for the maintenance of bio=
logical diversity, including commercially impartant species,
and for providing other important ecosystem services, such
25 flood control, groundwater recharge, and carbon storage
(Grosholz and Gallo 2006, Westbrook et al. 2006, Jeffres <t al.
2008, Wohl 2011, Bellmore et al. 2012, Cluer and Thorne
2014, Polvi and ‘Wohl 2013).

In this article, we propose an
prehensive view of stream evol
3 ey

alternative and more com=
lution as an ecological=oT
more P R P ss (sensu Wheaton
et al 2011). We provide 2 conceptual model for incised
stream evolution that describes stream succession as 3 pro*
cess dependent on the interaction of I o s with
hydralogic and sediment dynamics. We belseve that such
2 model is consistent with recent findings concerning the
role of biogenic featares, such as wood and beaver dams. in

smcrican Imtitute of Bidogical Sciences 2014 T2 woek is written by US
Advance Acce publication 00K G XXX
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STARTER DAM OCCUPIED...
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WHAT DID WE

LEARN?

« Can't aggrade without
eroding!!!

« Speeding up
morphodynamic
evolution builds both
more habitat and more
complex fish habitat!
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(mean T-C)pre - (mean T-C)post

HRT MAKING A SPLASH....

] .
e Restoration using

beaver as restoration SCIENTIFIC RE Pg}RTS
agent aCtua”y prOduced Ecosystem experiment reveals
a population Ievel benefits of natural and simulated

. . ] beaver dams to a threatened
increase in density, renesmes nopulation of steelhead

T (Oncorhynchus mykiss)

S u rV I Va a n p rO u Ct I O n Nicolaas Bouwes*?, Nicholas Weber?, Chris E. Jordan®, W. Carl Saunders*?, lan A. Tattam®,

Carol Volk®, Joseph M. Wheaton? & Michael M. Pollock®

=
m Beaver have been referred to as ecosystem engineers because of the large impacts their dam building
O I s e S a O n activities have on the landscape; however, the benefits they may provide to fluvial fish species has
been debated. We conducted a watershed-scale experiment to test how increasing beaver dam and
colony persistence in a highly degraded incised stream affects the freshwater production of steelhead
(Oncorhynchus mykiss). Following the installation of beaver dam analogs (BDAs), we observed

significant increases in the density, survival, and production of juvenile steelhead without impacting

p: and downstream mig The steelhead resp occurred as the quantity and complexity
of their habitat increased. This study is the first large-scale experiment to quantify the benefits of
150 2.0 7.0 beavers and BDAs to a fish population and its habitat. Beaver mediated restoration may be a viable
_ and efficient strategy to recover ecosystem function of previously incised streams and to increase the
10 6.0 production of imperiled fish populations.
-
» ’ . c
o - Beaver In Eurasia and North America were once abundant and ubiquitous’. Their dense and barbed fur has great
100 5= 8 5.0 felting properties, and as early as the 1500s, intense trapping to provide pelts mainly for making hats occurred
- %) ’GT o 2 throughout Eurasta®. By the early 1700s, beaver were nearly extirpated in Eurasta, and North America became the
g =~ ® 8 fy new source of pelts for International commerce. The exploration, settlement, and many territortal claims of North
o 215 < > 4.0 America by several European countries were driven mainly by the search for beaver-trapping opportunities®.
8 m 5 3 E®© When Lewts and Clark explored the Pacific Northwest in 1805, salmon and steelhead coexisted with beavers
= 50 4 7T > g > et © in very high densities'~. Fur trade in this reglon began around 1810, attracting ploneers to settle the area. When
£ = g £ S c 2 3.0 ® the British and United States jointly occupled the Oregon Territortes (which included the Columbia River Basin),
8 i ° E @ 5‘_‘ the Hudson Bay Company implemented their “scorched earth” or “fur desert” policy to eliminate all fur-bearing
@ o » €= animals, In an attempt to discourage American settlement™*. As a result, beaver were nearly extirpated from
= o ,‘3 D > o E 2.0 the region by 1900. Around this time, a decrease In the great harvests of Pacific salmon and steelhead was first
o E = el =1 percetved. Anadromous salmon and steelhead populations have since declined precipitously in the Columbla
£ OT———| V2 0r———| o210 ——— 22 10 +——— River Basin, leading to their listing under the U.S. Endangered Species Act (ESA)*. Agriculture, imber harvest,
> o = = O Sl & mining, grazing, urban development, and water storage and hydroelectric dam construction are commonly cited
= = O B3 g 2o as the causes for salmontd habitat degradation and population declines”, with rare mention of the loss of beaver
7} o~ O - a - 0.0 and their ability to alter aquatic ecosystems with thelr dam-building activities®.
q:_, os = O] Human activities, including the removal of beaver, have exacerbated the occurrence of stream channel inci-
T .50 4 'L 3 > P *3 1.0 ston, where a rapid down-cutting of the stream bed disconnects the channel from its floodplain®®. Channel
o 5 g S L o e incision 1s a ublquitous environmental problem in the Columbia River Basin and throughout the world!-12,
c -, L c
()} Q ©
© = © o
o g 05 o 2 -2.0
£ o £ o !Eco Logical Research, Inc., PO BOX 706, Providence, Utah, 84332, USA. *Watershed Sciences Department, Utah
-100 - ~ g o State University, 5210 Old Main Hill, Logan, Utah 84322, USA. *Northwest Fisheries Science Center, 2725 Montlake
< [ -3.0 Bivd E., Seattle, Washington 98112, USA. “Oregon Department of Fish and Wildlife, Eastern Oregon University, 203
2 Badgley Hall, One University Boulevard, LaGrande, Oregon 97850, USA. *South Fork Research, Inc. 44842 SE 145th
-10 4.0 Street, North Bend, Washington, 98045, USA. Correspondence and requests for materials should be addressed to
N.B. (email: nbouwes(@ecologicalresearch.net)
=128 D it G th 0.0 S | -5.0 6:28581 | DOI: 10.1038/srep28581
ensity * row * urviva SCIENTIFIC REPORTS | 6:28581 | DOI: 10.1038/srep!
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WHAT IS ALL THAT RED AND BLUE?

Eos, Vol. 94, No. 23, 4 June 2013

RESEARCH SPOTLIGHT :egese e

from AGU journals

PAGE 212

Hf)W do braided river dynamics
affect sediment storage'.;

Braided rivers X with their COll(lﬂllOU.Sl)

mechani
anisms at explaining change in
Sto ra g e ? changipg network of channels, are highly
(?yx’]amnc systems. Four mechanisms of
channel change and evolution are considered

the ¢ : p_—
[hL classic mechanisms of braided river
ormation: de
. 0’ mation: development of central bars
- . 5

m.gw;] sion of single transverse bars to

Kdcha P ai N R -

| :mnq braid bars, formation of chutes
Morphodynamic signatures of braiding mechanisms as expressed and dissection of multiple-braid bars. Tl i
through change in sediment storage in a gravel-bed river - ; have been few studies, though ars. There
Joseph M. Wheaton,' James Brasington,? Stephen E. Darby. s of these braiding i "] i gh, on how each
David Sear,’ and Damia Vericat' ~hanges i 1§ mechanisms contributes to
e 22 Febary 201 revisd 6 March 2015; scepi § e 2015, o S € dl]gﬁ'..s in sediment storage and to the

1) Previous flume-based research on braided channels has revealed four classic 3 Wit \ 3 e - dynamics of a river. | . i

L etaon that produce braiding: central bar developre ehute cutoff, lobe dissection. R ; e - % N r. In one of the first field

e averse bar conversion. The imporiance of (lete ‘braiding mechanisms relative © - : LA ki fias : studies on the topic, Whe .

et morphodynamic mechanisms in shaping vided rivers has not yet been investigated 4 : % 57 ; il g . ' eaton et al. analyzed

in the field. Here we exploit repeat topographic surveys 'of the braided River Feshie (UK) to ' < : : r o repeat topographic surveys ¢ ’

explore the morphodynamic Signatures e ifferent mechanisms of change in sediment 3 o i e 5 % . E s Svea L = eys conducted over a

e ut reuls ndicate hat, when combingd: he o elassic braiding mechanisms do : : % S-year period of the River Feshi -

s account for the majority of volumetrie Change in storage in the study reach eshie, an active,
(619 total). Chute cutof, traditionally thought of as an eros i chanism,
the most common brai i i S y 'y Vi P y T
result of deposition during the construction of diagonal bars 2 Foay A “ ¥ 23
e, Three of the four classic mechanisme appeared to be largely net aggradationa) in
et T ohercas secondary mechanisims (including Ik erosion, channel incision, and bar 3 g BEFORFE
cculpting) were primarily net erosionsl Although the role of readily erodible banks i

e tatimg braiding is often conceptualized, we o “hat bank erosion is as or more

sediment storage than most of the braiding
idary” mechanism (17% of totl change). the
T\ st of the relative importance of braiding

JOURNAL OF GEOPHYSICAL RESEARCH: EARTH SURFACE. VOL. 118, 1-21, doi10.1002/jgrf.20060, 2013

3 Alan Kasprak,'

appears 10 be

important & ‘mechanism in changes in
mechanisms, and is the most important *'secol
results of this study provide one of the first fi
Imechanisms observed in flume setings.
Citation: Wheaton, J., J. Brasington. S. E- Darby. A. Kasprak. [
Surf.. 115. doiz10.1002/jgrf 20060-

. Sear, and D. Vericat (2013) . J- Geophys. Res. Earth

1. Introduction aton which may otherwise stabiize the bed and banks
) ) e i oot renforcement and increased flow 1eence
m‘ﬁ‘ ::;‘:“‘L‘;‘;g:“‘r‘":‘:‘; i s “’““:““'?n',‘;jg {ticks et al, 2007 Paola, 2001; Tal ‘and Paola, 2007)-
“m} e, 2008). They e this dmm?m“'m s abun- [3] The continuously shifting network of channels, split-
O lond and readily erodible banks, which rosults ina g o n"“l"‘:“"::‘;f‘c ;:“tr‘&“’;‘j;;::;;“‘mﬁ% ©
b R e T, et o
§ . . € mid-channel, bank-attached, and compound bars, Wit
\oua: Charlion, 2007 Chew and Ashmore. e oaimack Tnenn ot hles formed by high s of s et
Mohrig. ¢ §2. Bridge, 1993)-
faivagt A9 P‘“{’m;‘;“;‘ﬂ';;:;:‘;;‘m‘:g‘;ﬂ:":u”“:ﬁ‘ o armmation of multiple mid-channel bars (i braiding)
hanne g P roquires large widih-to-depth ratios, which can only
T modated by readily crodible banks [Fergusor. 1987:
¢ Wbt Scincs, sk S Usinesity, Logan, - MIlor 3000 Zubik and Fraley, 1985)
"1 Existing conceptual models ofbraiding cmphasize that
Universty of London, London, UK. here is no single process hat leads to the division of flow
e P mid-channel bars [Bridge. 1993

a
O e 3007 Miall,1977). Indecd, the maintentnce b yransport 2t o uences [

artment

A
Z5chool of Geography, Que Mary

CHANGE IN

*Geography and Environment, University of Southarmplon, Southampton.

. and the cvoh

sl Dymamics Rescach Gmep (MUS) Depannt o o o, 1993 Leddy et al, 1993). Rather, St S

el D Smeen, Focaty and Tehneogy Coni o B0 o1 dcpositional (c.g, bar building) and crosional

o Univesityof Lk, Licds, Span. o bar dissection) processcs that operate

‘and maintain the mult-thread charactet SEDIMENT STORAGE

Suc (Depositon| o
Red (Erosion) Ol

Comsponing aubor: 1. M. Whesion, Depastmon o Watershed lop.
e Univerity, 5210 Ol Msin Hill, Logsa, UT 3325210, s sy Bridge
USA. (Joe Wheatoni@ss. o) bl \nderstanding of braided river dynamics

omes from flume [e.g. Ashmore, 1982 1991; Ashworth,

©2013. American Geophysical Union. Al Rights Reserved.
1996: Germanoski ‘and Schumm, 193] and, to a lesser extent,
1 illustration showing how changes in mor:

21 3 100257121 W E : 4 o ¥ : "v, ' 5
heaton .et al (2014) JG R-ﬁs ¢ I ; phology can be combined with changes in

sediment storage to highlight and quantify

DOI . 1 0 1 0 02 /J gfﬁ 20 0 6 0 R specific braiding mechanisms.
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2004-2003

BRAIDING " Lose DTN
MECHANISMS

e Four ‘presumed’ key a o] ol T
mechanisms from flume T G
studies

e No empirical field tests of
their importance

e Under appreciation of
importance of bank erosion

Mid Channel Bar - Diagonal

_~Mid Channel Bar - Longitudinal

PRIMARY BAR TYPES

Island Lateral Bar
Lateral Bar

Lateral Point Bar

Mid Channel Bar - Diagonal
Mid Channel Bar - Longitudinal )
Mid Channel Bar - Lobate b

Overbank bars

Lateral Point Bar —
&. __— Overbank bars



ABOUT THOSE BRAIDING MECHANISMS

Annual Net Volume Storage Change (m?)

o Ba r b u i Id i n g -4000 -3000 -2000 -1000 O 1000 2000 3000 4000 5000
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Sto ra g e ? Bar Development
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COLUMBIA HABITAT MONITORING PROGRAM \\CHaMP iy o |
MONITORING SITE LOCATIONS, COLUMBIA RIVER WATERSHED e MEENIEES
XY | Q Gz'n

pactherertims

CHaMP Sites

L] Annual

e Rotating Panel Year 1
o Rotating Panel Year 2
L]

Rotating Panel Year 3

Perennial River
Road

CHaMP Pilot
Watershed

Non-CHaMP Funded
Collaborater Watershed

Planned CHaMP Full
Implementation
Watershed

What can HRT teII us about habitat conditions for
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A TYPICAL CHaMP TOPO SURVEY @

Water Depth [ 0.35-0.4
Depth (m) B 0.4-0.45

[ ]0-0.05 [ 0.45-0.5
[ ]0.05-0.1 [l 0.5-0.55
[]0.1-0.15 [l 0.55- 0.6
[ 10.15-0.2 i 0.6 - 0.65
7 0.2-0.25 | 0.65 - 0.7
4 6 8 10Meters [ 0.25-0.3 jjjj 0.7-0.75

B 03-035

Detrended DEM (m)
s High : 102.34

S Low : 99.28

|| Water Extent
—— 10 cm Contours




CHaMP TOPO SANDBOX oo Fioaan

B
2

ONNEVILLE
w 10N

OWER ADMINISTRATIO

Pilot Phase

e 11 Watersheds
throughout the
Columbia Basin

e Roughly 45-55 sites
in each basin (10-15
annual): 950 Total

e 5500 individual
surveys

Map by Martha Jensen A
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WHAT WILL GCD x 5000 TELL US WE DID NOT
KNOW?

BEST EXPERIMENTAL OPPORTUNITY FOR

HYPOTHESIS TESTING ACROSS SCALES YET....

& - C fi [I www.champmonitoring.org 7 @ g8 w, g%

P Gmail B3 Voicemail [EJ G_Scholar [T Web of Knowledge [P| PandoraRadic ¥ G_Maps (3 Reader [P|Pandora [ Netflix £ Picasa > (3 Other bookyt

C H M Columbia Habitat
a Monitoring Program

Program Watersheds

BASIN

Researchers with the Columbia Habitat Monitoring
Program or CHaMP examine salmon habitat on
Washington’s Chewuch River. The research
program, funded in part by the Bonnevile Power
Administration, demonstrates the value of fish
habitat restoration efforts.

NETWORK

SPATIAL SCALE

SEGMENT

Overview of CHaMP Log in for full access
The goal of CHaMP is to generate and implement a standard set of fish habitat monitoring You can browse and read much of the site's

A staturapdiahnd) Methodeinupdetds amirishads asrass*the ColumbiaMiyepasin, . M5 st A Jote aguith 2 Aot 2ecggdore guc o

?\M‘\.k.‘“& AN AL LA N AN AN

REACH
Y

e http://champmonitoring.org
o TS topographic & habitat surveys...

GEOMORPHIC
UNIT




GCD TO DESCRIBE BEHAVIOR... IN A POOR

CONDITION VARIANT

DYNAMIC RIVER BEHAVIOR
CHANGES CAPTURED WITH CHaMmP

Before (2011)

Chute Scour Point Bar Development

CHANGES

Minor Downcutting

After (2013)

1
Moo Bl o (] 0 300 Meten

Champ Site: Tucannon River, WA ID: CBW05583-386091
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GCD TO DESCRIBE BEHAVIOR... IN A GOOD
CONDITION VARIANT - |

160 - Changes with less Deposition -
DYNAMIC RIVER BEHAVIOR than a 95%

CHANGES CAPTURED WITH CHaMP 140~ probability of
being real

Volume

Erosion

Old Channel Bank
Filling

CHANGES

Central Bar
Development

After (2013)

>-2.5 2.5
| |
| — — . -
2 ® & som « Erosion Deposition

Champ Site: Tucannon River, WA ID: CBW05583-481459



WHAT CAN HRT TELL US ABOUT

BUILDING BLOCKS OF RIVERS?

What characteristic assemblages of geomorphic units
exist?

What gives rise to heterogeneity versus homogeneity in
he building blocks of a riverscape?

POINT BAR

Point Bars are convex, bank attached bars that form on the inside banks of
meander bends. Grain size tends to fine with downstream and lateral
distance from the bank. Bar surface inclines toward the channel.

GEOMORPHIC FORM

Riffles form as topographic highs along an uneven longitudinal profile,
between bends in sinuous alluvial channels. Alluvial riffles are shallow,
step-like, channel-spanning features.

Tier 1 - (< or > bankful)
Tier 2- Convexities
Tier 3 - Bank Attached
Tier 4 - Point Bar

Tier 1 - (< or > bankful)
Tier 2- Convexities

Tier 3 - Channel Spanning
Tier 4 - Riffle

"1 Point Bars developed at apexes of six bedrock-entrenched meanders

3 Bar Forced Pool | Undercut Bank

Hitk %
Middle Fork John Day River, OR

i 837 Riffles are zones of sediment accumulation that increase channel roughness
during high flow stages, and are maintained or built at various flow stages
by the consequent increased turbulence and reduced velocity over the
steepened surface. Riffles are often dissected at low flow stages, and
reworked or removed altogether at stages higher than bankful.

Point bars result from the process of lateral channel migration, i.e., the
change in lateral channel position caused by deposition of sediment on the
convex bank and erosion along the outside, concave bank. Sand and gravel
are moved by traction toward the inside bank by helical flow.
ASSOCIATED GEOMORPHIC UNITS AND STRUCTURAL ELEMENTS

Point Bars are closely associated with riffles, runs, Bar-Forced Pools, and various types
of banks; notably, Undercut Banks.

TYPICAL ADJACENT GEOMORPHIC UNITS

Riffles are commonly associated geomoprhic units that help to force it as a channel

spanning bar: the riffle crest and steepened planar surface separates the upstream and

e e S - ; s v > Bar-Forced Pools, Bank-attached bars (i.e., Point Bars), and undercut banks.

TYPICAL SALMONID FISH HABITAT ASSOCIATIONS % ~ = ¢ fine-grained flood plain

Typical fish habitat is focused at pool tails at the tops of riffles (potentially a . ! g 7 i . | TYPICAL SALMONID FISH HABITAT ASSOCIATIONS

:"'": Bar:c:celd Pool) ‘;‘rfereBh°|d'"8h°cc‘;|'5‘|a"d ':°°' head; at;!}e baseb °If Typical fish habitat is focused at pool tails at the tops of riffles where holding
ar Forced Pools, (i.e., Point Bars), where fish can forage on food items being occurs, and pool heads at their bases, where fish can forage on food items

washed down from the steepened ramp above. being washed down from the steepened ramp above.

Anadromous life - Anadromous life
J Fry Parr (Juvinile) Smolt Adult Fry Parr (Juvinile) Smolt Adult
e 3 £ ﬁ stages el £ 20 “ stages
lith cork Lons CreeKAMICAISIESTRIG PR - Foraging Jungle Creek, Middle Fork John Day Watershed, OR Foraging

Energy Refugia __Energy Ref

Predation Refugia

Predation Refugia

Thermal Refugia Thermal Refugia



TIER1
Stage Height & Flow Unit

TAXONOMY FOR
MAPPING FLUVIAL
LANDFORMS

e Four Tiers

High

> Bankfull /channel or out\ < Bankfull
OUT-OF-CHANNEL of channel
(< or>BF)

1 identify Unit

IsGU in

2 Identify Unit
Shape and Form

Emergent
Submerged

—

Concavity @ Convexity MOUND TRANISTION

TIER 2
— Stage Height Shape & Form
— Shape / Form Crowan D
— Morphology )
— Roughness/Vegetation
e Over 100 fluvial geomorphic i
units found in literature, of Morphology

Form?
Planar
PLANE

WALL

LUX

3a Identify Key Attributes to
Differentiate Geomorphic Units

l

>
j MOUND )
NOT ALL KEY ATTRIBUTES

ARE NECESSARY TO IDENTIFY
EVERY GEOMORPHIC UNIT

which 68 are distinctive (3b) 7 7
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based definitions
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...................
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............
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""""" ETC

3b Use Additional Key Attributes to
Classify Sub Geomorphic Units




TIER 2 - FORM

e Differentiating shape longitudinally (i.e. stream-wise), vs.
laterally (i.e. cross sectional)

CONVEXITY CONVEXITY PLANAR PLANAR CONCAVITY CONCAVITY
MOUND SADDLE WALL PLANE TROUGH BOWL

@ i &7

(D 1 = 2 = 5

Bars Riffles Banks/ Plane Chutes Pools
Avalanche Faces Bed
Edges
| Mound | Saddle -m-mm
XS Convex Concave Planar Concave Concave

LP Convex Convex NA Planar Planar Concave



TIER 2 - FORM

e Key for the riffle...

e Flow goes up and over (convex),
through the thalweg (concave)

CONVEXITY
MOUND

(R

Bars

| Mound | Saddle

XS
LP

Convex
Convex

is the thalweg...

f CONVEXITY \ PLANAR PLANAR CONCAVITY CONCAVITY
SADDLE WALL PLANE TROUGH BOWL
N — \—I\/

NE == G =

)/\ (( T SN ®
Riffles Banks/ Plane Chutes Pools
Avialanche Faces Bed
Edges
-m-m-zm-
Concave Planar Concave Concave
\_ Convex ) NA Planar Planar Concave




South Fork Asotin Creek: Planformed Controlled with Discontinuous Floodplain tgﬂ;uigued: oo

Condition: Poor

2093 ft (638 m)
L=}
§e]
S
K
w
2080 ft (634 m)
Geomorphic Units - Tier 3
IN-CHANNEL
Concavities (e.g. Pools) Convexities (e.g. Bars) Planar Features Channel Features
=5 Chute (Ch) «2 Margin Attached Bar (Br) «##® Cascade (Ca) ".l" Thalweg #46 248690889 2117.28920 .
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B ool (Po) ~~ Transition Zones (Tr)
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South Fork Asotin Creek: Planformed Controlled with Discontinuous Floodplain Latitude: 46.24869088939191
Condition: Poor

Longitude: -117.2892015084726

2093 ft (638 m)

Elevation
€

2080 ft (634 m) >

« Plane bed dominated (rapids & runs)
« Starved of wood..
 Limited interaction with floodplain

Geomorphic Units Pre Restoration

Rapid |

Run |

Transition [

Bank F

® paany — o - +
2 888338 ¢ %
a a =
(&} b= a o > ['4 2
o L £ ©
] H (&]
8 s =
[a ¥ Z O
s =
> =
]
=
. L _ J L J
Concavities Convexities Planar




@ UtahStateUniversity




South Fork Asotin Creek: Planformed Controlled with Discontinuous Floodplain Latitude: 46.24869088939191
Longitude: -117.2892015084726

Condition: Poor | Geomorphic Units Pre Restoration
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Carrying Capacity Estimation:
Reach-scale mechanistic model

Water depth
NETWORK MODEL = ==
Water temperature

Juvenile Steelhead Capacity
(fish/m)
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Q 24- 40
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MAGIC
STEP

e Imputation

e This step is
one of our
biggest
development
hurdles...

e Can we
predict site
level summary
from network
level output?

10.1002/esp.4137
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N~ >11

Geomorphology
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GEOMORPHIC UNIT IS NEXUS

& HRT GOT IS THERE

SPATIAL SCALE

REACH SEGMENT NETWORK BASIN

GEOMORPHIC
UNIT

Geomorphic Units
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ABANDONED FLOOD PLAIN (TERRACE)

Tier 1 - (< or > bankful)
Tier 2- Active Flood plain
Tier 3 - Bank Attached
Tier 4 - Floodplain

Abandoned Floodplain (Terrace)
Fine-grained, younger inset
deposit

Abandoned Floodplain (Terrace)
-coarse grained, older, valley fill

GEOMORPHIC FO

An abandoned Flood Plain (Terrace) is a valley bottom, planar accumulation
of stream-deposited alluvium that is no longer directly associated with the
active channel. Terraces comprise a tread, the planar upper surface
representing the relict floodplain surface; and a riser, the erosional slope or
flank of the terrace landform. Terrace sequences can be inset within other
terrace deposits forming “flights” of step-like features surrounding the
active channel (see above and right).

PROCESS INTERPRETATI

Terraces form as valley-fill floodplain sediments are later eroded (incised)
and remnant surfaces are left abandoned along the channel margins.
Terraces can form as cut features, by subsequent incision of valley fill
alluvium; as fill features that are subsequently eroded into terrace forms; or
as purely erosional strath surfaces, etched into resistant deposits, or even
bedrock of the confining canyon walls.

Snake River, WY

modern floodplain
and channel

Holocene
(~1000 yr)
terrace

Pleistocene l

(~18 kyr) terrace

bedrock

Cross Section of river channel showing inset and remnant terraces

ASSOCIATED GEOMORPHIC UNITS AND STRUCTURAL ELEMENTS

Abandoned floodplains-terraces-are closely associated with both floodplain and
hillslope geomorphic units. Older, coarse terrace remnants directly overlie bedrock
(above); younger, fine-grained and inset terraces underlie the contemporary floodplain
and include paleochannels, channel cutoffs and banks (at left). Terraces are generally
not in contact with instream geomorphic units, except where the abandoned
floodplain acts as the confining boundary--in this case, the terrace riser would exhibit
cutbank forms, and would supply sediment to the active channel.
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We live in a time where we have
rapidly moved from an era of
being data poor to data rich...

Even if you had that coveted
data... what would you do with it?

Does it really make your life
easier?

Don't let the HRT be a substitute
for thinking... instead use HRT to

help shed light on your curiosities
and big questions
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