Tucannon: Summary of CHaMP
Metrics and Modeled Products

e CHaMP metrics are directly measured at each CHaMP
site according to probabilistic sampling design.
Metric included in this summary are:
* Sinuosity
e Substrate <2 mm
e Substrate <6 mm

 Modeled products are built from CHaMP data and
additional mechanistic or empirical knowledge,
assessed at each CHaMP Site
e Habitat Suitability Index (HSI)
* Net Rate of Energy Investment (NREI)



CHaMP Metrics and Modeled Products:
Summaries by Assessment Unit

e Estimated Population Distributions of CHaMP Metrics
and Modeled Products, by Assessment Unit
e Aka “GRTS Rollups”

e Metrics from CHaMP sites were used to estimate the mean and
standard deviations for the entire Assessment Unit

e Design based statistical estimations are used to estimate
population level responses and corresponding standard errors at
spatial scales larger than individual CHaMP site

* Using R-package spsurvey
* Estimates are robust and unbiased
* No distributional assumptions required

e References:

e Stevens Jr DL, and Olsen AR (2004). Spatially balanced sampling of
natural resources. J Am Stat Assoc, 99:465, 262-278, DOI:
0.1198/016214504000000250.

e Kincaid TM, Olsen AR (2013). Spsurvey: spatial survey design and
analysis. R package version 2.6. URL:
http://www.epa.gov/nheerl/arm/.



http://www.epa.gov/nheerl/arm/

CHaMP Metrics and Modeled Products:
Continuous Estimates

* Model assisted regression models were generated to
make spatially continuous estimates at all points along
continuous stream networks

Required for continuous response map generation
Metrics and products are “extrapolated” beyond measured
points
CHaMP metrics and modeled products are empirically fit to
globally available attributes (GAA).
Model assisted regression used to account for non-uniform
sample inclusion probabilities

* R-package “survey”

Model details in appendix.

References

e Lumley T (2004). Analysis of complex survey samples. )
Stat Software 9(1): 1-19.

e Lumley T (2012). Survey: analysis of complex survey
samples. R package version 3.28-2.

e Nahorniak M, Larsen DP, Volk C, Jordan CE (2015) Using
Inverse Probability Bootstrap Sampling to Eliminate Sample
Induced Bias in Model Based Analysis of Unequal
Probability Samples. PLoS ONE 10(6): e0131765.
doi:10.1371/journal.pone.0131765



Summary by Chinook
Assessment Unit

Tucannon: Summary of CHaMP Metrics and Modeled
Products
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CHaMP Metrics

e Sinuosity (Sin)

» Ratio of the thalweg length to the straight line distance
between the start and end points of the thalweg.

e Substrate > 2 mm and Substrate < 6 mm

* Average percentage of pool tail substrates comprised of
fine sediment <2 mm and < 6 mm, respectively.

e Details

e Substrates metrics are directly measured by CHaMP crews
as the percentage of 50 substrate observations less than
2mm or 6mm, respectively, measured at each of three grid
locations (150 total observations per site), at the pool tail
of each channel unit.

e Additional details available at:
https://www.monitoringmethods.org/Method/Details/868


https://www.monitoringmethods.org/Method/Details/868

Sinuosity

e Source: CHaMP Metrics (www.champmonitoring.org)

e Definition: Ratio of the thalweg length to the straight line
distance between the start and end points of the thalweg.
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Sinuosity

Source: CHaMP Metrics (www.champmonitoring.org)
Definition: Ratio of the thalweg length to the straight line
distance between the start and end points of the thalweg.
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Substrate <2 mm

Source: CHaMP Metrics (www.champmonitoring.org)
Definition: Average percentage of pool tail substrates

comprised of fine sediment <2 mm
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Substrate < 2 mm

Source: CHaMP Metrics (www.champmonitoring.org)
Definition: Average percentage of pool tail substrates
comprised of fine sediment <2 mm
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Substrate < 6 mm

e Source: CHaMP Metrics (www.champmonitoring.org)

e Definition: Average percentage of pool tail substrates
comprised of fine sediment <6 mm
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Substrate < 6 mm

* Source: CHaMP Metrics (www.champmonitoring.org)
e Definition: Average percentage of pool tail substrates
comprised of fine sediment <6 mm
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CHaMP Modeled Products:
Habitat Suitability Index

* Habitat Suitability Index Metrics:

 Suitable habitat area (m?2) per meter of stream length for:
e Steelhead Juvenile Weighted Usable Area per Meter
e Steelhead Spawner Weighted Usable Area per Meter
* Chinook Juvenile Weighted Usable Area per Meter
* Chinook Spawner Weighted Usable Area per Meter

e Details
e Modeled from CHaMP Data

* Inputs to HSI Models

 Site level hydraulic models which yield detailed field estimates of
velocity and depth.

e Substrate (D50)

e Habitat Suitability Index Curves
* Based on expert judgement
¢ See Appendix

HSI Model Structure: CHaMP Implementation Example:
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Chinook Juvenile Weighted Usable Area

e Source: Habitat Suitability Index (HSI) Model
e Definition: Suitable habitat area (m?) per meter of stream length
for Juvenile Chinook
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2011 10 1.932 0.809
2012 4 2.631 0.642
All.Sites 2013 3 3.193 0.433
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Chinook Juvenile Weighted Usable Area

Source: Habitat Suitability Index (HSI) Model

Definition: Suitable habitat area (m?) per meter of stream length

for Juvenile Chinook

Weighted Usable Area per meter
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Chinook Spawner Weighted Usable Area
Source: Habitat Suitability Index (HSI) Model

Definition: Suitable Spawning habitat area (m?2) per meter of

stream length for Chinook
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Chinook Spawner Weighted Usable Area

e Source: Habitat Suitability Index (HSI) Model
e Definition: Suitable Spawning habitat area (m?) per meter of
stream length for Chinook
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CHaMP Modeled Products:
NREI Capacity

* Net rate of energy intake (NREI) :

* Juvenile salmonid capacity per meter
* The carrying capacity of juvenile salmonid per meter of stream

e Details

* NREI carrying capacity is a modeled metric. Carrying
capacity is estimated based on an energy balance
model, where the energy required to occupy a stream
location (swimming costs, SC) is compared to the
energy available from prey drift at that same location
(gross rate of energy intake, GREI)

* Inputs to NREI Model

* Site level hydraulic models which yield detailed field estimates of
velocity and depth.

e Based on detailed CHaMP surveyed of bathymetry, as discharge (Q) and
surface roughness (D84).

* Temperature
e Drift
e Fish Characteristics

e References:

e Hayes, J. W,, N. F. Hughes, and L. H. Kelly. 2007. Process-
based modelling of invertebrate drift transport, net

energy intake and reach carrYing capacity for drift-
feeding salmonids. Ecological Modelling 207:171-188.

* See appendix for additional references
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Juvenile Salmonid Capacity

e Source: Net Rate of Energy Intake (NREI) Model

» Definition: Carrying capacity (fish/m?) per meter of stream
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Juvenile Salmonid Capacity

Source: Net Rate of Energy Intake (NREI) Model

Definition: Carrying capacity (fish/m

length
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Summary by Steelhead
Assessment Unit

Tucannon: Summary of CHaMP Metrics and Modeled
Products
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Sinuosity

e Source: CHaMP Metrics (www.champmonitoring.org)

e Definition: Ratio of the thalweg length to the straight line
distance between the start and end points of the thalweg.
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ty
Source: CHaMP Metrics (www.champmonitoring.org)

inuosi

S

Definition: Ratio of the thalweg length to the straight line
distance between the start and end points of the thalweg.

Predicted Sinuosity - STHD

-

-

015

T

1.4

>1.5
I:I Steelhead Assessment Unit

24



http://www.champmonitoring.org/

Substrate < 2mm

Source: CHaMP Metrics (www.champmonitoring.org)
Definition: Average percentage of pool tail substrates

comprised of fine sediment <2 mm
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Definition: Average percentage of pool tail substrates

Source: CHaMP Metrics (www.champmonitoring.org)
comprised of fine sediment <2 mm
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Substrate < 6 mm

e Source: CHaMP Metrics (www.champmonitoring.org)

e Definition: Average percentage of pool tail substrates
comprised of fine sediment <6 mm
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Substrate < 6 mm

e Source: CHaMP Metrics (www.champmonitoring.org)

» Definition: Average percentage of pool tail substrates
comprised of fine sediment <6 mm
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Steelhead Juvenile Weighted Usable Area

Source: Habitat Suitability Index (HSI) Model
Definition: Suitable habitat area (m?) per meter of stream length
for Juvenile Chinook
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Steelhead Juvenile Weighted Usable Area

e Source: Habitat Suitability Index (HSI) Model
e Definition: Suitable habitat area (m?) per meter of stream length
for Juvenile Chinook
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Steelhead Spawner Weighted Usable Area

e Source: Habitat Suitability Index (HSI) Model
e Definition: Suitable Spawning habitat area (m?) per meter of
stream length for Steelhead
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Steelhead Spawner Weighted Usable Area

e Source: Habitat Suitability Index (HSI) Model
e Definition: Suitable Spawning habitat area (m?) per meter of
stream length for Steelhead

HSI STHD Spawn
Weighted Usable Area per meter
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Juvenile Salmonid Capacity

Source: Net Rate of Energy Intake (NREI) Model
Definition: Carrying capacity (fish/m?) per meter of stream
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Juvenile Salmonid Capacity

e Source: Net Rate of Energy Intake (NREI) Model
* Definition: Carrying capacity (fish/m?) per meter of stream
length

NREI Density Estimated - STHD
Fish per meter
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Limiting Factor: Floodplain Condition

To address this limiting factor, we developed a process to model floodplain condition using three,
equally weighted inputs relevant to a condition assessment: riparian vegetation condition, land use
intensity, and fragmentation due to transportation infrastructure. The output is a polyline representing
the hydrographic network that is attributed with values from 0 to 10. These values represent the
relative condition of the floodplain, where values near 10 are the areas of floodplain that are in the best
condition within the watershed, and values closer to 0 are the areas within the watershed where the
floodplain is in the worst condition based on the metrics described below.

Metrics

RVCA — A riparian vegetation condition assessment (RVCA) is first performed. RVCA models the
deviation of existing riparian vegetation coverage from modelled historic or potential riparian
vegetation cover. A raster surface is created for the extent of the floodplain that models this
riparian vegetation condition. The RVCA analysis is performed using LANDFIRE Existing
Vegetation Type (EVT) and Biophysical Settings (BPS) layers. This data can be downloaded at
http://landfire.gov/.

LAND USE INTENSITY — Land use intensity is modelled using the National Land Cover Dataset
(NLCD). The various types of land cover represented in this dataset are recoded to reflect the
intensity of the land use with respect to floodplains and riparian corridors. For example,
urbanization is considered the most intense land use, and open water whereas riparian
vegetation are considered to have no intensity. A raster surface is created modelling this land
use intensity to the extent of the floodplain for use in the analysis. The NLCD data is available
for download at http://www.mrlc.gov/.

FLOODPLAIN CONNECTIVITY — Floodplain connectivity, or fragmentation due to transportation
infrastructure is an input layer that is derived using a polygon of the floodplain extent, and
polylines of transportation infrastructure (i.e. freeways, highways, and railroads) which were
downloaded from several sources (generally through the state of Washington). An analysis is
performed where the two layers are intersected, splitting the floodplain polygon using the
transportation network. The individual polygons that do not intersect the stream network are
considered disconnected, and those that do intersect the stream network are considered
connected. This layer is converted to a raster surface, and the three raster surfaces are then
used in the model to produce the final output.
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Limiting Factor: Large Woody Debris

To address this limiting factor, we developed a process that uses LANDFIRE dataset vegetation inputs
and a DEM to model the probability that large woody debris (LWD) will be recruited on a reach by reach
basis. The output is a stream network where each segment has an associated value (between 0 and 1)
that represents the relative probability that wood will be recruited from that reach. A value of 1
represents the highest probability of contributing wood at the reach scale.

Metrics

BANKFULL CHANNEL POLYGON — A bankfull channel polygon is derived for use in the model
using the NHD 24k hydrography network and a regression for bankfull channels within the
Columbia River Basin developed by Beechie and Imaki (2014). A euclidean distance raster is
generated using the bankfull channel as an input to determine distance from the channel in the
model.

10 METER DIGITAL ELEVATION MODEL (DEM) — The 10m DEM is used to create a Topographic
Index (TI, also known as a Topographic Wetness Index), which is a raster surface that can be
used as a proxy for shallow landslide potential. In this model we used the National Elevation
Dataset (NED) 10 meter DEM produced by the USGS.

LANDFIRE EVH — The LANDFIRE Existing Vegetation Height (EVH) raster is a 30m raster, available
nationally, that represents the height of the existing vegetation of the landscape. Each cell
represents the average vegetation height within that area, and values are binned into height
categories. This layer is used to determine where vegetation is tall enough to actually reach the
channel in the model. This data is available for download at http://landfire.gov/.

LANDFIRE EVC — The LANDFIRE Existing Vegetation Cover (EVC) raster is a 30m raster, available
nationally, that represents the percent of vegetative cover on the landscape. The data is broken
into bins for each 10 percent increase, and the cell value represents the percentage of the area
that is covered by vegetation. This layer provides a proxy for vegetation density in the model.
This data is available for download at http://landfire.gov/.

LANDFIRE VDIST — The LANDFIRE Vegetation Disturbance (VDIST) layer is a 30 meter raster,
available nationally, that displays the type and severity and timing of disturbance on the
landscape. This disturbance can be either anthropogenic or natural. This layer is used in the
model to increase probability of wood recruitment in areas that have seen disturbance such as
wildfire. This data is available for download at http://landfire.gov/.
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Limiting Factor: Riparian Vegetation

To address this limiting factor, the Riparian Vegetation Condition Assessment (RVCA) model was used.
RVCA models the deviation of existing riparian vegetation coverage from modelled potential (historic)
riparian vegetation cover. The output is a line network which represents the stream network, where
each segment of the network has an associated value representing the proportion of historic riparian
vegetation currently present on the landscape. In addition, the likely cause for degradation is
determined and applied to each segment of the line network.

Metrics

LANDFIRE EVT — The LANDFIRE Existing Vegetation Type (EVT) layer is a 30 meter resolution land
cover raster derived from Landsat satellite imagery. The EVT categorizes current land cover into
different vegetation types, several of which are considered riparian vegetation. This dataset is
used to determine the existing extent of riparian vegetation along hydrographic networks. This
data is available for download at http://landfire.gov/.

LANDFIRE BPS — The LANDFIRE Biophysical Settings (BPS) layer is a 30 meter resolution land
cover raster that models the types of vegetation that were likely dominant on the landscape
prior to European settlement. This model is based on current biophysical environment (i.e.
soils, aspect, precipitation, etc.) as well as estimates of historic disturbance regimes. Like the
EVT, certain vegetation types are categorized as riparian, and the layer is used to determine the
possible historical extent of riparian vegetation. This data is available for download at
http://landfire.gov/.

NHD 24k Hydrographic Network — The National Hydrography Dataset (NHD) is a vector dataset
produced by the U.S. Geological Survey (USGS). A medium resolution version (1:24,000) is
nationally available and was selected for use in the RVCA model. These NHD networks include
attributes that enabled us to subset the network to the perennial component to perform the
analysis. This data is available for download at http://viewer.nationalmap.gov/viewer/.

Valley Bottom Polygon — the valley bottom polygon is a metric that is automatically derived
using a Digital Elevation Model (DEM) and a hydrographic network. After automatically deriving
the polygon, it is manually edited to achieve a desired degree of accuracy. The valley bottom
are the low lands associated with a stream network and represent the maximum possible extent
of riparian vegetation. A description of the tool used to create the valley bottom polygons and
the output data are available at https://sites.google.com/a/joewheaton.org/et-al/nhd-network-
builder-and-vbet.

39


http://landfire.gov/
http://landfire.gov/
http://viewer.nationalmap.gov/viewer/
https://sites.google.com/a/joewheaton.org/et-al/nhd-network-builder-and-vbet
https://sites.google.com/a/joewheaton.org/et-al/nhd-network-builder-and-vbet

Lo
— Almata
£ e b N =

z - NS ¥ N
- ,' A% ,‘ “
: : % P 3\
Hay i ~ e NP A

' ——— »

\

i G G¢

RIPARIAN CONDITION ASSESMENT' =~

- Estimate of Current Departue from Historic y_vithin,)/élley Bottom

" P s Lynn Gluch

3 iy | Pataha AU:
i s |  mlarge Departufe,

“f; Significant Departure

¥ Minor Departure
e

< y Negi/i(gable Departure

£~
P

Lower Tucannon AU:

STARVOUT RIDGE 3 ’
EF’LEA
o R Y
i T/
Upper Tucannon AU: TAM
] _a9° ‘
42.87 km o |
$
\ m@ |
RVCA - Riparian Vegetation = |
Condition Assessment ] |
Current Departure from Historic AL FI =58 NGAMEAN
~n~~ Large Departure: <33 % B Ao
Significant Departure: 33% to 66% , E
~~~  Minor Departure: 66% to 90% @a;*
z Deadn Yearling Ridge Monument Ridge |
~n~~ Negligable Departure: > 90% {
Assessment Units: | ! J
Y =7 Upper Tucannon - Pataha to Panjab (TUS1A)
‘“_’T(J Lower Tucannon - Mouth to Pataha (TUS1B) : Gy I e o | e i
Nf Y } Pataha (TUS1C) » g4g 0°TVERGE 10 15 20 Kilometers

= Sources: Esri, DeLorme, USGS, NPS



Remotely-sensed temperature model metric development overview

Daily maximum stream temperature from CHaMP stream temperature logger were summarized as 8-
day average max stream temperatures for sites in the Tucannon River basin. These temp summaries
were used along with remotely-sensed Land Surface Temperature data from NASA’s MODIS satellite to
parameterize linear models used to estimate 8-day mean and maximum temperature for each
confluence-to-confluence stream reach in the basin. Temperature models were built for each year. A
Leave-One-Out bootstrap was used to generate error metrics.

Model structure: 8DMaxTemp ~ LST + LST? + JulianDay + Elevation

Number of logger sites, Root Mean Squared Error of Prediction (°C), and model R-squared for each year:

N RMSEP R?
2011 10 1.19 0.92
2012 20 1.84 0.88
2013 17 1.96 0.77

Estimated temperatures were then compared to exceedance thresholds, and the percentage of total
days in exceedance for the period of 20 July — 31 August was calculated. Means (and standard errors of
the means) of those percentages across each Assessment Unit were calculated. These summaries were
then compared to surevey —design based estimates for each Assessment Unit.

Spatial data: The stream network is NHD+ 1:100k, paired down to exclude first order streams.

Projection: Albers Equal Area Conic

Datum: North American 1983
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