APPENDIX X
SPECIFIC SAMPLING PROTOCOLS AND PROCEDURES FOR
ANALYZING LANDFORMS OF THE LOWER YUBA RIVER
Dr. Joshua Wyrick
Dr. Gregory Pasternack
January, 2012

LANDFORMS OF THE LOWER
YUBA RIVER: METHODOLOGY
Background
A morphological unit is a discernible landform in an alluvial river valley that is typically visible
at the length scale equivalent to a distance of 1-10 channel widths down a river. The width of the
bankfull channel in the lower Yuba River is ~20-100 m, so 1-10 channel widths corresponds to a
channel length of ~20 m to 1 km. Features at a smaller scale, such as boulder clusters, are not
morphological units.
Morphological units are revealed by their topographic form and the hydraulics they generate
when water moves through the channel. However, flows of different magnitudes create
discharge-specific micro- and meso- habitats. The term “microhabitat” is defined as the
localized depth, velocity, temperature, and substrate at a point in a river without regard to the
surrounding conditions. It is often possible to empirically relate ecological function to
microhabitat variables (Bovee, 1986), but doing so provides a limited understanding of how and
why fluvial-ecological linkages are spatially related. The term “mesohabitat” is defined as the
interdependent set of the same physical variables over a morphological unit. There is a general
lack of studies that nest the microscale requirements of aquatic species within the mesoscale
context of an assemblage of morphological units.
Previous studies have provided justification why morphological units should be able to explain
fluvial-ecological relations. First, they are considered to be the “fundamental building blocks of
rivers systems” (Brierly and Fryirs, 2000). Also at the meso-scale, the concept of physical
biotopes has been proposed as a framework for classifying streams based on their physical
characteristics that is typically linked to instream habitats (Padmore et al., 1998). Newson and
Newson (2000) stated that a “biotope approach represents an important linking scale between the
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detail of microscale habitat hydraulics and the need for network-scale appraisals for management
of channels and flows.” Second, some studies have found that mesohabitat is a good predictor of
fish utilization patterns (Geist and Dauble, 1998; Hanrahan, 2007). Finally, the type and
distribution of morphological units have been found to be sensitive to land use within the
watershed (Beechie et al., 2003). In terms of practicality, the meso-scale provides a manageable
resolution of analysis that balances scientific detail with the potential for catchment-scale
application (Padmore et al., 1998); the study of the form, function and distribution of
morphological units is therefore useful both in terms of scaling-up to watershed scale estimates
of habitat capacity and for assessing how this might be impacted by human activity (Reeves et
al., 1989; Beechie et al., 2001).
The goals of the morphological unit classification protocol are to: (1) Identify morphological
units throughout the lower Yuba River; (2) Analyze the morphological units for inherent spatial
organization; (3) Evaluate the quality, number, size and distribution of mesohabitats for various
lifestages of adult and juvenile anadromous salmonids; and (4) Evaluate the maintenance of
watershed processes in the lower Yuba River.
1.0

Survey Location

The proposed study area for this project is the lower Yuba River from Englebright Dam to the
confluence of the Yuba and Feather Rivers (near Marysville, California). The unmapped section
of the river in The Narrows is not included. Englebright Dam is the first impassable barrier on
the river. Daguerre Point Dam (DPD) is located ~12 miles downstream of Englebright Dam. The
proposed study area encompasses all of the habitat accessible to anadromous fish, except in The
Narrows.
2.0

Survey Period

Because flow most closely follows channel form when discharge is low and water has the least
momentum, the best time to delineate morphological units is during a discharge much lower than
bankfull flow. For the lower Yuba River this would be during the September through December
flow regime, during which 500<Q<1500 cfs. This also corresponds to the period when flow and
channel form produce mesohabitat conditions suitable for spring run Chinook adult spawning, so
the morphological units during that period equate with vital mesohabitats.
The final flow regime selected for use in the study was the condition with a Smartsville
discharge of 880 cfs (330 cfs from Powerhouse II and 500 cfs from Powerhouse I), no discharge
out of Deer Creek (whose outflow tends to be 0-5 cfs in the absence of rain or upstream reservoir
maintenance), no discharge out of Dry Creek (whose outflow tends to be 0-5 cfs in the absence
of rain or upstream reservoir maintenance), and a societal withdrawal of 350 cfs of water at
Daguerre Point Dam (DPD), yielding a Marysville gage flow of 530 cfs.
Chinook salmon and steelhead trout rearing life stages occur year-round on the LYR. Low-flow
rearing may be analyzed using the same mesohabitat map for 880 cfs upstream of DPD and 530
cfs below DPD as that made for adult holding and spawning, as described in the previous
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paragraph. Juvenile fish seek refuge during floods (~January through June), so a characterization
of mesohabitats during typical floods would be useful [REFERENCE?].
Some important discharges for the lower Yuba River include the modern bankfull discharge
since New Bullards Bar Dam was built (considering the period 1971-2004), the long-term
averaged bankfull discharge since Englebright Dam was built (considering the period 19422004), and the floodplain-filling discharge of ~20,000 cfs (Pasternack, 2008). Bankfull
discharge may be estimated using many different methods, each yielding a different value. The
LYR is not a simple single-threaded channel with constant geometry and the Dry Summer
Subtropical climate differs from the textbook expectation of temperate conditions when
considering statistical measures of bankfull discharge using hydrological records. Using the
1971-2004, log-transformed annual peak daily discharge series, the statistically calculated flow
with a 1.5-year recurrence interval (Q1.5) is 5,600 cfs (Sawyer et al., 2010). Meanwhile,
geometric slope break indicators for some streambanks and most swales on the floodplain
inundate at a lower flow of ~3,000 cfs. The medial bar at the apex of Timbuctoo Bend overflows
at ~5,000 cfs (Fig. 1). Therefore, bankfull discharge is a useful concept, but actually highly
uncertain on a dynamic river at the transition between meandering and braided, as the LYR is.
For the 1942-2004 period, the calculated Q1.5 is 11,600 cfs, so that is used to indicate the longer
term historical condition when the channel was larger. Above 20,000 cfs the primary exposed
alluvial surfaces in the river valley are terraces and artificial training berms. Thus, in addition to
the low-flow regime, mesohabitats will be characterized at the representative winter-flood
discharges of 12,000 cfs and 21,100 cfs.

Figure 1. Photo of the apex of Timbuctoo Bend in February 2004 showing that the medial bar is just
inundated, and vegetation along the banks is inundated. For this area then, bankfull discharge is below
or close to 5,000 cfs.

The summer months of July through August are times of juvenile rearing (as well as other times
of the year) and migratory fish attraction. Common flows during this period are 2,000-3000 cfs
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above DPD and 700-2,000 cfs below DPD. Thus, mesohabitats will be characterized at 2,000 cfs
above and 700 cfs below to represent this period.
3.0

Sampling Frequency

Morphological units and mesohabitats should be re-mapped after individual floods larger than
100,000 cfs or in the case of two events larger than 50,000 cfs occurring within a 5-year period.
4.0

Study Design

4.1

2D Model Output Processing

The approach for mapping morphological units on the lower Yuba River is a GIS-based analysis
of 2D hydrodynamic model output (wetted area, depth, and velocity for each flow regime) in
conjunction with other existing data layers, including but not limited to NAIP 1-m resolution
imagery, the 1999-2009 digital elevation model difference raster, and the LIDAR-derived
canopy height raster. The protocol below describes this approach for developing the
classification.
4.1.1 ArcGIS Import
2D model output for a specified steady state flow regime usually begins with a set of commadelimited text files (one for each model reach) that has a format such as {X, Y, Bed elevation,
Water surface elevation, Depth, Velocity (x-component), Velocity (x-component), Velocity
magnitude, Froude #, Shear stress}. Rename the extension of the results files from .DAT to
.CSV, which is the comma-delimited format. Open the file with a simple text editing program,
such as WordPad, and modify the headings in the first row, so they do not include any
underscores or non-alphanumeric symbols (suggested headings are X, Y, Z, WSE, D, Vx, Vy,
Vmag, Fr, Tau). Using ArcCatalog, right-click on the .CSV file and select the “create feature
class from XY table” option. Select the appropriate coordinate system and save. These raw
point-feature data are imported to ArcGIS and used to create depth TINs in 3D analyst, with the
model boundary file as a soft clip.
It is also necessary to have the 2D model domain boundary for each model reach as an ArcGIS
shapefile. Merge all of these into a single overall 2D model domain polygon shapefile.
4.1.2 Creation of Wetted Area Polygon From Depth Results
Using ArcMap, open the newly created point shapefiles (one for each model reach), as well as
the corresponding merged boundary file. Using the 3D Analyst tools, select “create/modify
TIN” then “create TIN from features”. Check the boxes for the appropriate boundary file and
data point files. For the point file, the height source should be the parameter of interest (i.e.
either velocity or depth). Do not use a height source for the boundary file. Choose an
appropriate output file name, and use a soft clip.
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The depth TIN is then converted into a 3’x3’ floating-point raster (i.e. roughly equal to the
spacing of 2D model results point set) using the “convert TIN to Raster” option from the 3D
Analyst Tools, using an appropriate grid cell size (3 ft). If pixels with no water are identified
with a special value (such as -999), then the raster calculator may be used to convert those pixels
and all edge pixels whose interpolated depth is less than 0 to “NoData” values. To obtain a
wetted area map, the depth raster is reclassified to a uniform value of 1 and then the raster is
converted to a polygon (do not use the simplify geometry option). Save both the wetted area
raster and polygon file types.
A thorough analysis of the impact of pixel resolution on morphological-unit delineation was
performed (see section 4.3.3 below). If a morphological unit map with a larger grid cell is
desired for such uncertainty evaluation (e.g. in order to remove possible morphological units that
are considered “too small” or to smooth spatial variability), then the TIN steps from above can
be skipped. Instead, use the Point to Raster tool (ArcTools – Conversion – To Raster). For the
cell assignment type, select ‘mean’ and input the desired grid cell size within which the program
will average all of the model depth or velocity point values. However, as shown below in
section 4.3.3, there is a trade-off between removal of small units and loss of ability to discern
long, skinny units flanking the channel.
If wetted area is going to be tabulated as a function of discharge, it is necessary to consistently
use the same file format, preferably the raster format.
4.1.3 Creation of Hydraulic Variable Rasters
Once the wetted area polygon is available for a given flow, then the original model boundary
should be used with the point dataset to create the set of TINs for all the other hydraulic variables
for each flow. That guarantees that they all have the same starting domain and eventual pixel
positions. Once TINs are created, then they should be converted to 3’x3’ floating-point rasters
(i.e. roughly equal to the spacing of 2D model results point set) using the “convert TIN to
Raster” option from the 3D Analyst Tools, using an appropriate grid cell size (3 ft). After that
the rasters should be clipped to the shape of the wetted area polygon for the flow. That
guarantees that they all have the exact same water’s edge, which is best delineated with the
wetted area raster derived from the depth TIN. ***Note that it is wrong to use the wetted area
raster to build the TIN instead of the model domain raster, because what happens is that the TIN
has points along its edge and when that is converted to a raster, then 1/2 of the edge pixels will
be outside of the initial wetted area polygon used to make the TIN. It is necessary to make the
TIN with the model domain polygon, convert to raster, and then clip that raster with the wetted
area polygon for the flow.
4.2

Morphological Units

The morphological units to be identified are listed in Table 1, including a description of the
criteria used to delineate them. To the extent possible, the criteria are qualitative and objective.
Units that are objectively defined by depth and/or velocity have a high level of certainty. Figure
2 illustrates the depth and velocity distinctions for in-channel morphological units based on a low
flow regime of 880 cfs above Daguerre Point Dam, and 530 cfs below.
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Table 1a. Qualitative descriptions of in-channel bed morphological units mapped in the LYR.

Type Unit Name
Chute

Fast Glide

In-Channel Bed

Pool /
Forced Pool

Riffle

Riffle
Transition

Run

Slow Glide

Slackwater

Description
Area of high velocity, steep water surface slope, and moderate to high depth located
in the channel thalweg. Chutes are often located in a convergent constriction
downstream of a riffle as it transitions into a run, forced pool, pool, or glide.
Area of moderate velocity and depth and low water surface slope. Commonly occur
along periphery of channel and flanking pools. Also exist in straight sections of low
bed slope.
Pools are areas of high depth and low velocity, and low water surface slope. The
distinction between ‘forced pool’ and ‘pool’ cannot be made automatically within
GIS. A ‘forced pool’ is one that is typically along the periphery of the channel and is
“over-deepened” from local convective acceleration and scour during floods that is
associated with static structures such as wood, boulders, and mostly bedrock
outcrops. A ‘pool’ is not formed by a forcing obstruction.
Area with shallow depths, moderate to high velocities, rough water surface texture,
and steep water surface slope. Riffles are associated with the crest and backslope of a
transverse bar.
Typically a transitional area between an upstream morphological unit into a riffle, or
from a riffle into a downstream morphological unit. Water depth is relatively low.
Velocity is low, but increases downstream due to convective acceleration toward the
shallow riffle crest that is caused by lateral and vertical flow convergence. The
upstream limit is at the approximate location where there is a transition from a
divergent to convergent flow pattern. The downstream limit is at the slope break of
the channel bed termed the riffle crest.
Area with a moderate velocity, high depths, and moderate water surface slope. Runs
typically occur in straight sections that exhibit a moderate water surface texture and
tend not to be located over transverse bars.
Area of low velocity and low to moderate depths and low water surface slope. May
be located near water’s edge as a morphological unit along the channel thalweg
transitions laterally towards the stream margins.
Shallow, low-velocity regions of the stream that are typically located in adjacent
embayments, side channels, or along channel margins. Velocities are near stagnant
during baseflow conditions and rise slower than other bed units’ as stage increases.

Table 1b. Qualitative descriptions of in-channel bar morphological units mapped in the LYR.

Type Unit Name

In-Channel Bar

Lateral Bar

Medial Bar
Point Bar

Swale
Bridge Pier*

Description
Area located at the channel margins at an elevation band between the autumnal lowflow stage and bankfull stage. Lateral bars are orientated parallel to the flow. The
feature slopes toward the channel thalweg with an associated increase in both flow
depth and velocity when submerged. Sediment size tends to be smaller than in
adjacent sections of the channel.
Area that is separated from the channel banks at low-flow stages at an elevation band
between low-flow and bankfull stages. Can be accreting or eroding.
Accreting area located on the inside of a meander bend at an elevation band between
the low-flow stage and bankfull stage. Point bars are curved and begin where there is
clear evidence of point-bar deposition. The feature slopes toward the channel thalweg
with an associated increase in both flow depth and velocity when submerged.
Sediment size tends to be smaller than in adjacent sections of the channel.
A weakly-defined geometric channel or adjacent bench on the floodplain that only
conveys flow at stages above low-flow.
Man-made structural supports for road and rail crossings. Typically composed on
concrete and steel. Units also exist at stages above Bankfull flow to a lesser extent.
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Table 1c. Qualitative descriptions of floodway morphological units mapped in the LYR.

Type Unit Name
Floodplain
Flood Runner
IslandFloodplain

Floodway

Mining Pit

Backswamp*

Pond*

Tributary
Channel*
Spur Dike*

Description
Natural alluvium located at an elevation higher than the bankfull channel and lower
than the upper wetted extent of the floodway (defined as 21,100 cfs here).
Relatively straight floodplain channel with uniform geometry and low depths that
conveys a concentrated flow at stages above bankfull.
Natural alluvium on a medial bar located at an elevation higher than the bankfull
channel and lower than the upper wetted extent of the floodway (defined as 21,100
cfs here).
Artificial depression created for mining purposes that is adjacent to the flow channel
and continuously wetted. May have an artificial connection to floodway channel that
is normal to the flow direction.
Natural depression within the floodplain whose bed elevation intersects with the
groundwater table creating a continuously wetted or swampy area. Typically contains
vegetation. Units also exist within Bankfull and Valley boundaries to a lesser extent.
Natural depression with a continuously measurable depth located on the floodplain
and is not attached to the main channel by a surface opening during the low flow at
which the in-channel bed morphological units are mapped. Units also exist within
Bankfull boundaries to a lesser extent.
Those sections of perennial tributary streams that are located within the bankfull and
higher wetted areas of the main channel. Units also exist within Bankfull and Valley
boundaries to a lesser extent.
Artificial bank protection composed of very large riprap. Usually located along steep
banks to prevent further erosion. Units also exist within Bankfull and Valley
boundaries to a lesser extent.

Table 1d. Qualitative descriptions of morphological units mapped in the LYR that are off-channel, but
within the active geomorphic valley width.

Type Unit Name

Valley

Terrace

High
Floodplain
Island-High
Floodplain
Levee
Hillside /
Bedrock*
Bank*

Cutbank*

Agriplain*
Tailings*

Tributary

Description
A natural alluvial deposit separated from the floodplain surface by a vertical
topographic riser. Terraces are generally abandoned floodplains that have been
separated from the channel by vertical incision of lateral migration.
Natural alluvium located between the terrace riser and the 21,100 cfs wetted area
floodplain.
Natural alluvial deposit on a medial bar located at an elevation higher than the islandfloodplain surface.
Artificially-built flood control berm located parallel to the channel.
Natural colluvium and bedrock at an elevation greater than the valley toe slope break.
Units also exist within the Bankfull and Floodway boundaries to a lesser extent.
Steep, near-vertical bank that separates bar units from terraces. Gravel/cobble
alluvium that line the main channel and not actively experiencing lateral erosion.
Units also exist within the Bankfull and Floodway boundaries to a lesser extent.
Steep, near-vertical bank that separates bar units from terraces. Located on the
outside of a meander bend and created by active lateral erosion through local alluvia.
Units also exist within the Bankfull and Floodway boundaries to a lesser extent.
Agriculture field inundated at flows higher than bankfull. These units also exist
within the Floodway boundary to a lesser extent.
Steep alluvium artificially piled up adjacent to the channel during historic gold
dredging operations. Units also exist within the Bankfull and Floodway boundaries to
a lesser extent.
Alluvial fans penetrating the floodplain and main channel at tributary junctions.
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Delta*

Units also exist within the Bankfull and Floodway boundaries to a lesser extent.

All of the In-channel Bed units are bounded by the baseflow wetted area (880/530 cfs). The
bankfull wetted area (5,000 cfs) bounds the Lateral Bar, Medial Bar, Point Bar, and Swale units.
The flood wetted area (21,100 cfs) bounds the Floodplain, Flood Runner, Island-Floodplain and
Mining Pit units. Some sections of the other Floodway type units may be wetted at higher or
lower flows, but are not delineated at all below the baseflow regime. The Terrace, High
Floodplain, Island High Floodplain, and Levee units are only delineated within the areas outside
of the 21,100 cfs wetted area. Some sections of the other Valley type units may be wetted at
lower flows (except baseflow).
Most of the in-channel units described in Table 1 are well delineated. Differentiating the extent
of forced pools versus pools can be difficult in the absence of flood velocity data, so when in
doubt classify the unit as a pool for simplicity. From the standpoint of automatic delineation
within GIS, the main distinctions between several similar morphological units are either velocity
or depth ranges at a representative low flow; however there exists hydraulic, ecological, and
visual differences between the units that may be more apparent from a field-based
reconnaissance.

Figure 2. Depth and velocity distinctions for delineating in-channel bed morphological units. Parameter
values represent those associated with base flow conditions (880/530 cfs).
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4.3

Selection of Low Flow Regime for Morphological Unit Analysis

The protocol for the delineation of instream channel morphological units calls for utilizing lowflow hydraulics as the indicators of MU landforms. The low flow regime on the LYR is roughly
500<Q<1500 cfs (<0.25 times bankfull discharge). In this study, the choice was made to use the
2D model output data from a flow of 880cfs above Daguerre Point Dam (DPD). To test the
robustness of this regime, the same hydraulic delineations were applied to flows of 700cfs
(~20% less) and 1000cfs (~14% greater). The total wetted area above DPD at 880cfs is
11,740,832 sq ft. The total wetted area at 700cfs is 11,514,734 sq ft, a decrease of 1.9%. The
total wetted area at 1000cfs is 12,103,873 sq ft, an increase of 3.1%.
Initially for both flows, the exact MU hydraulic delineations (Figure 2) were applied. The total
number, areal coverage (sq ft), and percent area of each MU were compared to the original 880
cfs results (Table 2). Without any adjustments, there are minimal differences in total percent
area (within ±1%) for the Fast Glide, Pool, and Riffle morphological units between all three flow
regimes (Table 3). Between the 700cfs and 880cfs hydraulics, the greatest differences are in the
total coverage of Run, Slackwater, and Chute units. The weighted average absolute difference in
MU areas is 1.53%. Between the 880cfs and 1000cfs, the greatest differences are in the Chute,
Run, and Slow Glide units, and the weighted average absolute difference is 0.85% (Table 3).
Table 2. Comparison of morphological unit delineations for different low flow regimes using the same
hydraulic metrics as applied to the 880cfs model results.

cfs
Chute
Fast
Glide
Pool
Riffle
Riffle
Trans
Run
Slack
water
Slow
Glide
Total
LYR
MU

880

Count
700

Area (sq ft)
700
1000

Percent Area
880
700
1000

1000

880

458

499

505

796932

452106

1067826

6.79%

3.93%

8.82%

1813

1509

1801

1515130

1468452

1501014

12.90%

12.75%

12.40%

515
1312

447
1154

511
1518

1509150
1900610

1483743
1891718

1505476
1887049

12.85%
16.19%

12.89%
16.43%

12.44%
15.59%

4137

3281

3607

1498040

1646728

1442357

12.76%

14.30%

11.92%

1003

981

1038

1411170

938053

1653541

12.02%

8.15%

13.66%

7900

6137

7074

1740010

2052611

1778842

14.82%

17.83%

14.70%

7777

7463

8626

1369790

1581323

1267767

11.67%

13.73%

10.47%

24915

21471

24680

11740832

11514734

12103873
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Table 3. Absolute differences in coverage area percentages between varying flow regimes and original
880cfs regime for all morphological units using unadjusted hydraulic metrics. The Total LYR percentages
are weighted by total coverage area of each MU (Table 2).

MU
Chute
Fast Glide
Pool
Riffle
Riffle Transition
Run
Slackwater
Slow Glide
Total LYR

700 cfs
2.86%
0.15%
0.03%
0.24%
1.54%
3.87%
3.01%
2.07%
1.53%

1000 cfs
2.03%
0.50%
0.42%
0.60%
0.84%
1.64%
0.12%
1.19%
0.85%

The depth and velocity rasters were then clipped to the same wetted area (the smaller of the two
flow regime wetted areas being compared). The 700cfs depth raster was then subtracted from
the 880cfs depth raster, and the 880cfs depth raster was subtracted from the 1000cfs depth raster.
The same was performed for the velocity rasters. The average differences between each raster
sets were calculated using statistical analysis tools in ArcGIS. These average differences were
used to shift the original delineating hydraulic metrics for the new flow regimes. As a simple
test, all MU hydraulic metric boundaries in Figure 2 were shifted an equal amount accordingly.
For the 700cfs regime, the hydraulic metrics were shifted down by a uniform 0.20 ft and 0.20 ft/s
for the depth and velocity respectively. For the 1000cfs regime, the hydraulic metrics were
shifted up by a uniform 0.163 ft and 0.164 ft/s. In full implementation of the morphological unit
protocol, individual boundaries could be adjusted independently to minimize the differences
resulting from choice of discharge used.
As for the unadjusted metrics comparison, the total number, areal coverage (sq ft), and percent
area of each MU were compared to the original 880 cfs results (Table 4). The differences in the
total MU areas between the 700cfs and 880cfs analyses generally reduced (Table 4).
Individually, six of the eight units experienced a convergence to equal total areal percentages as
the 880cfs. Fast Glide and Pool areal differences increased, but are still within ±1%. The
greatest differences are still with the Slackwater and Slow Glide units. Overall the weighted
average absolute difference in MU area percentages reduced from 1.53% to 0.85% using the
adjusted hydraulic metrics (Table 3, 5).
The differences accrued for the 1000cfs adjusted metrics comparison are all within ±1%, except
for Slackwater (Table 4, 5). Five of the eight MUs experienced a decrease in absolute area
difference percentages. Fast Glide, Pool, and Slackwater difference percentages experienced an
increase. Overall the weighted average absolute difference in MY area percentages increased
slightly from 0.85% to 0.9% using the adjusted hydraulic metrics (Table 3, 5).
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Table 4. Comparison of morphological unit delineations for different low flow regimes using adjusted
hydraulic metrics.

cfs
Chute
Fast
Glide
Pool
Riffle
Riffle
Trans
Run
Slack
water
Slow
Glide
Total
LYR
MU

Count

Area (sq ft)

Percent

880
458

700
513

1000
444

880
796932

700
691383

1000
796262

880
6.79%

700
6.00%

1000
6.58%

1813

1818

1688

1515130

1603124

1451237

12.90%

13.92%

11.99%

515
1312

446
1397

487
1346

1509150
1900610

1525533
1859921

1500328
1943994

12.85%
16.19%

13.25%
16.15%

12.40%
16.06%

4137

3411

3559

1498040

1550575

1506581

12.76%

13.47%

12.45%

1003

1027

982

1411170

1322189

1373430

12.02%

11.48%

11.35%

7900

11748

7074

1740010

1460282

2162572

14.82%

12.68%

17.87%

7777

7210

8588

1369790

1501730

1369470

11.67%

13.04%

11.31%

24915

27570

24168

11740832

11514737

12103873

Table 5. Absolute differences in coverage area percentages between varying flow regimes and original
880cfs regime for all morphological units using adjusted hydraulic metrics. The Total LYR percentages
are weighted by total coverage area of each MU (Table 4).

MU
Chute
Fast Glide
Pool
Riffle
Riffle Transition
Run
Slackwater
Slow Glide
Total LYR

700 cfs
0.78%
1.02%
0.39%
0.04%
0.71%
0.54%
2.14%
1.37%
0.85%

1000 cfs
0.21%
0.91%
0.46%
0.13%
0.31%
0.67%
3.05%
0.35%
0.90%

Visually, the MU maps for all the flow hydraulic metrics are very similar (Figure 3, 4). The
percentage differences seem to have mostly affected the smaller MU polygons. This is
evidenced by the highest percent differences being associated with those MUs that exhibit the
highest number of smallest polygon sizes (i.e., Slackwater and Slow Glide). The larger, and
more field-identifiable, MU polygons are in the same locations across each analysis, with
negligible changes to their perimeters.
This sensitivity analysis finds only minor differences in morphological unit delineations that
arise from using different specific discharge values to characterize the hydraulics of the low-flow
regime. The hydraulic metrics used with the 880cfs regime were initially based on expected
parameters for each unit, but then adjusted accordingly based on user knowledge of the river
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morphology. Comparing both the unadjusted and uniformly adjusted MU maps of the new flow
regimes to the original 880cfs map reveal some minor differences. It should be noted that this
sensitivity analysis was not meant to explore the proper methodology for applying MU hydraulic
metrics to different flow regimes, but rather explore the differences that any methodology has to
the original MU maps. That being said, applying a uniform shift to the 700 cfs hydraulic metrics
achieved an MU map that was more similar to the original map than using the unadjusted
metrics, while the uniform shift applied to the 1000cfs metrics created an MU map with slightly
greater differences relative to the unadjusted metrics. Had either of these discharges, or any
other low flow discharge, been chosen to use as the basis for instream bed units, then those
metrics would have also been subjected to manual adjustments (not uniform shifts) to fit the
known river (as was done for the 880cfs regime metrics), and perhaps a map even more similar
to the original 880cfs would have been produced. However, even applying only a uniform shift
to the hydraulic metrics, the maps and percent areas of MUs are still similar to within ±1%.
In conclusion, sensitivity analysis shows that the MU delineation procedure has little sensitivity
to the exact value of discharge used. Using 700, 880, or 1000 cfs would not yield different
geomorphic interpretations of physical spatial structure. As a result, it is justifiable to proceed
using the 880 cfs simulation, MU delineation, and analysis.
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Figure 3. Visual comparison of MU layout between a) the original 880cfs metrics map and b) the adjusted
700cfs metrics map. The larger and easily-identifiable morphologic units are still present and in the same
location between the two flow regime analyses. Some of the smaller, marginal units have changed or
been omitted entirely, however. Some changes in a large unit is exampled by the Run, which is a long
continuous unit in the 880cfs analysis, but is broken up into smaller units as the surrounding Fast Glides
and Pools increase in size in the 700cfs analysis.
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Figure 4. Visual comparison of MU layout between a) the original 880 cfs metrics map and b) the adjusted
1000cfs metrics map. The larger and easily-identifiable morphologic units are still present and in the
same location between the two flow regime analyses. Some of the smaller, marginal units have changed
or been omitted entirely, however.
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4.4

GIS Methodology

There are multiple ways to delineate morphological units using ArcGIS. Below is described the
simplest approach, but not necessarily the most efficient one. The exact tool in GIS used to
make each delineation is less important than adhering to the definitions in Table 1. Depending
on the skill of the GIS analyst and advances in GIS tools, different methods of getting to the
same endpoint may be used as long as they are documented.
Morphological units may be classified into in-channel bed, in-channel bar, floodway, and valley
units. In this protocol, “in-channel” means inside the geometric bankfull channel. When
delineated using depth and velocity information from a commonly occurring low discharge, the
resulting delineation is also a mesohabitat characterization.
4.4.1 In-Channel Bed Units
These units are delineated using depth and velocity results from a 2D hydrodynamic model at a
representative low flow. For the LYR, a typical summer/autumn water withdrawal of 350 cfs
occurs at DPD, so it is appropriate to use a paired discharge regime for morphological unit
delineation to account for that, instead of using a theoretical constant discharge for the whole
river.
For any grid cell size, there will always be morphological unit polygons that come out as the size
of one pixel (grid cell). The merit of whether or not to use larger grid cells in order to smooth
out these small morphological units may be debated. In this study, morphological units were
created using pixels ranging from 3’x3’ to 50’x50’ to evaluate the consequences. It was
observed that at the 3’x3’ scale, there are many MU polygons that have an area that may be
deemed too small to feasibly sample or accurately locate during a field survey. It was also
observed that many of these “small” polygons were either separated from a larger polygon of the
same MU at the transitional boundary between the two units, or in an adjacent sequence of other
small polygons created because of a square-pixilation effect that inadvertently splits a long, thin
polygon into many smaller polygons (Fig. 5a). Using a larger pixel size can mostly eliminate the
first issue, but not the second (Fig. 5b). Furthermore, a larger pixel size worsens the
representation of long, skinny morphological units that flank the channel (Figs. 5a,b). The
coarser the resolution becomes, the worse the representation of long, skinny polygons. After
discussion of the uncertainty analysis, the RMT decided to use the 3x3’ pixel resolution and then
do paired raster analyses that either include or exclude tiny polygons, as defined below.
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Figure 5. Comparison of grid cell sizes. In (A), there are several 3ft by 3ft sized MU polygons, notably the
small ‘run’ unit just downstream of the larger ‘run’ in the center and the single pixel of ‘riffle’ on river right
and at the upstream edge of the run. Also note in (A) the long, thin MU polygons (slackwater, slow glide,
riffle transition, and fast glide) along the channel edges. As the pixel size is increased to 10ft by 10ft in
(B), the smallest single-pixel sized polygons are engulfed by the larger polygons (the riffle and small run);
however, the margin polygons have now been separated into several smaller polygons.

Once the pixel size has been agreed upon, use the depth and velocity ranges described in Table 1
to create a set of raster calculation statements (Table 6). From the Spatial Analyst Tools, select
the “raster calculator” function. For each morphological unit’s description, input the calculation
function and select ‘OK’. This will create a new, temporary raster file that includes only those
polygons that the function applies to, i.e. only those areas that exhibit the desired depths and
velocities. Do this for each morphological unit.
For each of these new calculations (i.e. morphological unit polygons), use the Spatial Analyst
tool to “convert raster to features” with the ‘generalize lines’ option left unchecked. This will
create a shapefile for each morphological unit’s polygons. For each of the new shapefiles, open
its Attribute Table and add a column that includes the morphological unit name. Use the Merge
function (Tools – Data Management – General) to create one shapefile that includes all of the inchannel morphological units. If desired, the planform area of each polygon may be added to the
shapefile’s attribute table by using the “Calculate Areas” tool (Spatial Statistics – Utilities), or
create a new field within the Attribute Table and use the ‘Calculate Geometry’ function.
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Be sure to perform a QA/QC analysis of the resulting morphological map. If necessary, a field
recon should be done to clarify any questionable areas (see section 4.2.4).
Table 6. Programming statements based on depth and velocity ranges given in Table 1 to allow GIS to
create polygons of each morphological unit. Notes: the “dep_ras” and “vel_ras” terms refer to the raster
files generated by the user; file names may vary. The numbers {1-8} included at the end of each
statement refers to the grid code that GIS will assign to each unit; numbers and/or order may vary. Units
and values are dependent on descriptions provided in Table 1.

Morphologic Unit
Slackwater
Slow Glide
Fast Glide
Riffle Transition
Riffle
Chute
Run
Pool/Forced Pool

GIS Calculator Statement
Con(“dep_ras” > 0, Con(“dep_ras” <= 4.6, Con(“vel_ras” > 0, Con(“vel_ras” <= 0.5, 1))))
Con(“dep_ras” > 0, Con(“dep_ras” <= 4.6, Con(“vel_ras” > 0.5, Con(“vel_ras” <= 1, 2)))
Con(“dep_ras” > 2.25, Con(“dep_ras” <= 4.6, Con(“vel_ras” > 1, Con(“vel_ras” <= 2, 3))))
Con(“dep_ras” > 0, Con(“dep_ras” <= 2.25, Con(“vel_ras” > 1, Con(“vel_ras” <= 2, 4))))
Con(“dep_ras” > 0, Con(“dep_ras” <= 2.25, Con(“vel_ras” > 2, 5)))
Con(“dep_ras” > 2.25, Con(“vel_ras” > 3, 6))
Con(“dep_ras” > 2.25, Con(“vel_ras” > 2, Con(“vel_ras” <= 3, 7)))
Con(“dep_ras” > 4.6, Con(“vel_ras” > 0, Con(“vel_ras” <= 2, 8)))

4.4.2 In-Channel Bar Units
These units will include those areas which are inundated during bankfull flow, but emergent
during low flow. First, create a polygon shapefile for the water’s edge at 5,000 cfs (i.e. nearbankfull flow). For the RMT results, the 5000 cfs wetted area polygon was created using model
results from the 2D hydrodynamic model that incorporated a uniform bed roughness of 0.04 and
an eddy viscosity of 0.6. The bankfull wetted area is used to identify the upper extent of the bar
units, while the 880/530 cfs water’s edge shapefile is used to delineate the lower extent of the bar
units. The method for creating wetted area polygon for each discharge based on the 2D model
depth predictions was mentioned earlier in section 4.0. Use the Erase Tool (Analysis Tools –
Overlay – Erase) to create a polygon that is the difference in coverage between the two. Even
though this action will likely produce many separated polygon shapes, the tool will output them
as a single, multipart polygon. To separate each area into their own polygons, use the Data
Management – Features – Multipart-to-Singlepart Tool, and save the shapefile with an
appropriate name. Open the Attribute Table for this new file and add a text field entitled
Morphologic Unit (or some appropriate variation of such). Open Editor with the new shapefile
as the editable file and activate the Cut Polygon Features tool. Use this tool as needed to divide
the larger polygons into relevant morphological units based on geomorphic indicators in other
datasets, such as topographic contours, the topographic DEM difference raster, NAIP imagery
(and the NDVI derived raster), canopy height raster, and near-bankfull depth and velocity. Use
Table 1 as a guide for determining morphological units within the reach. For example,
hillside/bedrock areas are typically lightly vegetated with a distinct light-brown color, have a
steep slope, and may have a lot of topographic roughness. Meanwhile, lateral bar and point bar
areas typically have a gentle slope, willow vegetation, and less topographic roughness. Point
bars are generally located within the inside bank of a river band, while lateral bars tend to flank
relatively straight sections of the river. Once a MU polygon is identified, label it appropriately
within the Attribute Table.
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4.4.3 Off-Channel Units
These units, which include the Floodway and Valley units, will be created in a similar manner to
the In-Channel Bar units, and include those areas which are inundated during flood flows. The
floodway boundary will be contained within the limits of the 21100 cfs wetted area. The model
results used to delineate this wetted area were created by incorporating nodally-variable bed
roughness values ranging from 0.04 to 0.33 (to account for the spatial variability of floodplain
vegetation) and an eddy viscosity of 0.6. Follow the same steps from Section 4.4.2 to delineate
the wetted area between the floodway boundary and the bankfull boundary. Use Editor to divide
this area into the appropriate morphological units based on descriptions from Table 1 for the
remaining units. Aerial photography is useful for differentiating alluvial, colluvial, vegetated,
and bedrock surfaces. The topographic DEM is useful for precisely locating slope breaks that
delineate the extent of flat surfaces and steep walls. A Depth X Velocity combination raster will
identify concentrated floodplain flows for help in delineating the “flood runner” unit.
4.4.4 Morphological Unit Map Merge
Once the three sets of morphological units (in channel bed, in-channel bar, and off-channel) are
created, use the ArcToolbox Merge tool to combine them all into a single file.
Use the ArcToolbox Dissolve tool to merge all single polygons for each unit type into a single
multi-part polygon for each unit type.
These two polygon files constitute the morphological unit map for the LYR.
4.4.5 Morphological Unit Map QA/QC
2D model results were vetted for their accuracy and uncertainty in a separate analysis.
Once the morphological unit map is complete, it should be overlain on NAIP imagery and shared
with RMT participants for review. Group discussion will be used to vet map quality against the
knowledge of those most familiar with the river to see if the map makes sense.
5.0

Data Analysis

It is assumed for this section that there already exists morphological unit (MU) map and a
reach polygon shapefile in ArcGIS. Once the MU map is created (section 4.0), use the
Spatial Join tool to add reach information to the morphological unit attributes.
The objective of this study is to delineate the spatial structure of the LYR at multiple scales
using the morphological unit as the basic unit for analysis. The specific scientific questions
that will be addressed by geomorphic analysis included the following:
•

Can 2D model results be used to rationally delineate morphological units in an
alluvial river?
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•

What are the morphological unit types present in the Lower Yuba River? What
are the abundances of each type?

•

Are the morphological units delineated with a 2D model naturally organized into a
coherent spatial structure that is non-random? If the structure is deterministic, then
is it periodic or non-periodic? Are there systematic variations in morphologicalunit organization and spacing along the segment?

•

Does the river exhibit lateral variability in the morphologic units, or can the
corridor be accurately described by a 1D representation?

•

Are the morphological units organized at the segment and reach scales?

This section will outline the basic scientific questions and methodology for analyzing the
spatial structure of morphological units at the river- and reach-scales.
5.1

Spatial Abundance

For a basic understanding of the organization of morphological units, it is useful to determine
the abundance of units within each reach and their contributing areal percentages. Use the
Calculate Areas tool to add the planform area of the morphological units to its attribute table.
Export this attribute to a text (.txt) file that can be opened and manipulated in Excel. The
important columns are [MU Type], [Reach], and [MU Area]. For each MU type, determine
the sum and percentage of area within each reach and for the whole segment.
5.1.1 Minimum Size Threshold
ArcGIS produces a map of the MUs with a pixel resolution size of 3x3 ft2. At this scale,
there can be lone pixels that have a depth/velocity combination that characterizes it as a
particular MU that may be different from the surrounding pixels’ characterizations (e.g., Fig.
5). Because some of the following analyses require discrete morphological units, complexes
of many small polygons may skew the results. After a visual and statistical evaluation of
small units (see next paragraph), 999 ft2 (~31’x31’) was determined to be a minimum size
threshold, because the total area of polygons above that size is equal to 90% of the total lowflow channel area and that size is an easily-identifiable size in the field. Note that this
minimum size threshold can be varied at discretion.
To determine the effect of this exclusion, create histograms of the polygon sizes for each MU
and calculate the percentage of total number of polygons and total area that would be omitted
from analysis with this threshold. The bin sizes for the histogram should start with the
minimum size (9 ft2) and proceed at 9 ft2 intervals up to the largest polygon size. A
histogram will populate the bins with the total number of polygons that have that associated
area. From this, you can determine the percentage of the number of polygons that exceed any
minimum size threshold. By multiplying the bin value (polygon area) by the frequency value
(number of polygons) this will calculate the total contributing area of each size class, from
which you can determine the percentage of total area that is composed of MU polygons that
exceed the minimum size threshold. Analyze the results to determine the minimum size for
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exclusion that would yield areal coverages of 90%, 95%, and 99%. From these, calculate the
total number of polygons that would be included as well. In ArcMap, use the “Select by
Attributes” tool on the morphological unit map to select only those polygons whose areas are
above the chosen minimum size threshold. Perform a visual analysis of the channel to
determine where any large sections are poorly represented. Vary the minimum size threshold
until a satisfactory and defensible value is determined.
5.2

Longitudinal Distribution

The previous analysis (Section 5.1) will have established whether morphological units are
geomorphologically differentiated. The next question is whether they are spatially organized
or randomly located along the study segment. By definition, if they are randomly located,
there is equal probability of them being located in any particular location. When that is the
case, then the type of statistical distribution that is present is called a uniform distribution.
5.2.1 Box Counting Procedure
For longitudinal analysis of any data, a systematic approach involving “box counting” may be
used. The procedure involves breaking up the river into longitudinally distributed rectangles
and then counting the presence/absence and/or area of features in each rectangle. The
procedure for setting up the rectangules is described next, but it does not need to be repeated,
as all of these files already exist. Contact the GIS data administrator to obtain these files. The
procedure for creating the files is as follows: In ArcGIS, use Editor to create a centerline
through the channel valley. Open the add-on tool “ET GeoWizard”. Under the “Misc” tab,
check the function “Points along a Polyline” to create a set of points of a user-determined
spacing along your centerline. A small spacing is recommended (10 or 20 ft). Then use the
function “Create Station Lines”, which will create lines at the previous polyline points that
radiate out perpendicularly to a user-determined distance. This distance should be long
enough to fully encapsulate the morphological unit map. With these station lines, use the
“Create Buffer” tool (outside of ET_GeoWizard in Analysis – Proximity – Buffer) to convert
the lines into rectangles that have no gaps along the channel centerline. Clip these rectangles
to the wetted area polygon made from the morphological unit map. These are the “boxes” or
rectangles used for counting (Figure 6).
5.2.2 Box Counting MU Polygons
Now that the rectangles are in hand, use the “Intersect” tool (Analysis – Overlay – Intersect)
so that the underlying MU map is cut into the station buffer polygons (Figure 6). This will
give you a suite of 20-ft long cross-sectional boxes that include the bit areas of the intersected
MU polygons. Because some of the boxes overlay each other, a large polygon may be sliced
within a particular cross-section. These slices of the same MU polygon within the same crosssection would then be labeled as separate polygons. This may also occur for MUs that wrap
around another polygon. Therefore, the next step is to dissolve the bits with the same MU ID
within the same cross-section back together. In the Attribute Table, create a new column with
which to dissolve. Label it something like “Dissolve_ID” and set it to ‘text’. Right click on
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this new column and select ‘Field Calculator’. Enter the equation for “Dissolve_ID” =
[Station Cross-Section Column] & [Unique MU ID # Column]. It is important to the use the
‘&’ symbol, and not the addition symbol. So, if MU # 456 has been sliced by cross-section #
720, then the Dissolve_ID value will now be 720456. This will give like values in this
column for all of the same MU bits within the same cross-section. If MU # 456 is also
located in cross-section # 740, however, then its Dissolve_ID will be 740456 and will not be
combined with 720456 in the dissolve function. Dissolve the file on this column (Data
Management – Generalization – Dissolve). The dissolve function alone, however, will
eliminate the other informational columns needed for further analyses. With the Dissolve
Tool window open, enter [Cross-Section # Column] = Mean, [MU Type Column] = First, and
[Reach ID Column] = First in the Statistical Fields section. This will add these data to the
output file, and not corrupt the integrity of the values. When the dissolve function is
complete, add another column for ‘bit_area’ and use the ‘Calculate Geometry’ function in the
attribute table to calculate the areas of each MU bit within each cross-section.
5.2.3. Calculating Longitudinal Distribution
Export the attribute table of the dissolved shapefile to be manipulated in Excel. The
important columns to have are [Cross-Section], [MU Type], [Reach], and [Bit Area]. Sum the
bit areas of each MU type at each station (note: the sum(if…) function is recommended) and
stratify by reach. This will determine the locations of each MU type and the percentage of
each type at each cross-section. Normalize the cross-sectional areas by dividing by the total
area of each MU type.
Plot the normalized areas (i.e. the percent of each unit at each cross-section) by the channel
station to create a Probability Density Function (PDF) for each MU. High spikes on the PDF
represent areas of ‘preference’ for each type, while low valleys represent areas of
‘avoidance’. In another column, calculate the cumulative cross-sectional areas of each MU
type and plot these by the station to create a Cumulative Distribution Function (CDF). If a
given MU exhibits a uniform distribution, the CDF will plot as a straight diagonal line from
lower left to upper right. Diversions from this diagonal represent non-uniform distributions.
In the extremes, a flat line represents a segment of the river that has a lack of that MU, while
a near-vertical line represents a segment with an abundance of that MU. Create a PDF and
CDF for each morphological unit.
Repeat for the shapefile containing only those MU polygons larger than 999 ft2.
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Figure 6. Equally-spaced, 10-ft long rectangular polygons (white boxes) used to extract various
morphologic unit metrics.

5.3

Longitudinal Spacing

Traditional research has reported that pools tend to be spaced every 5–7 channel widths down
a river (Knighton 1998). To test this, calculate the downstream distance between each pool
units (and other relevant units) and analyze per river- and per reach-scale. This analysis will
be most relevant for the following units that are primarily distributed longitudinally: Pool,
Riffle, Riffle Transition, Fast Glide, Run, Chute, Medial Bar, Point Bar, and Swale. It is
recommended that this analysis not be performed for those units that are ubiquitous along the
channel, such as Slackwater, Slow Glide, and Lateral Bar (see results from Section 5.2).
To do this test, you must locate the centroid of each pool polygon in ArcGIS and identify the
perpendicular point on the thalweg at the position of each centroid. Then determine the route
distance from the downstream end of the thalweg to each point, and calculate the difference
between route distances for subsequent thalweg points, which yields the spacing metric. It is
assumed that there already exists a thalweg shapfile and separate shapefiles for each MU
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type. It is recommended to use minimum size criteria for this procedure. For each MU,
locate the centroid of each polygon using the Data Management – Features – Feature to Point
tool. Identify the nearest point on the thalweg using the Analysis – Proximity – Near tool,
which adds columns to the attribute table called Near_X and Near_Y. Inputting a search
radius can eliminate some centroids within secondary channels (which is preferred, and will
be discussed below). Open the add-on tool ET_GeoWizards and use the Create Routes for
Polylines tool (under the Linear Referencing tab) to have the thalweg be measured in a
geometric length from a given station. Be sure to check the “ignore spatial gaps” option (to
account for The Narrows reach). Then use the Locate Points Along Routes tool (also under
the Linear Referencing tab) to locate the Near_X and Near_Y points onto the thalweg route.
Export the attribute table to be opened and manipulated within Excel. The important columns
to have are: Reach, MU type, MU ID, MU Area, and ET_M (thalweg distance). The thalweg
distance values are relative to the same starting station, therefore sort the data by them and
calculate the intermediate spacing distances from each other. Repeat for all MU types.
Some semi-subjective data cleaning will be required now, because not all of the centroids
calculated above should be used for analysis. The relevant metric is that of the distance from
a particular cross-section with MU type A to the next cross-section with MU type A. If there
exists two or more polygons of MU type A at the same cross-section (Figure 7A), it is not
prudent to determine the downstream distance between each of those (which would be near
zero). However, the procedure described above would automatically calculate the positions
of all the centroids and include them for analysis. Therefore one of them should be omitted
from the calculations. Similarly, for those MU polygons that are separated by pixilation or
are otherwise contributing to a MU complex community (Figure 7B), only one MU centroid
in the complex should be used for analysis. To do this, you must manually scan the MUs in
ArcGIS and locate those that should be omitted per the above reasons and eliminate them
from the Excel file. Some recommended rules of thumbs – use the unit closest to the thalweg
in a lateral complex and the middle-most unit in a longitudinal complex.
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A

B

Figure 7. Examples of morphological unit complexes. (A) Two laterally adjacent Riffle Transition
Units (pink). In the MU spacing analysis, these would contribute a near-zero value, so only one
should be used in the calculations. (B) Three longitudinally adjacent Chute Units (turquoise),
separated by thin reaches of Riffle (red). The Chute units are likely not geomorphically separate
however, therefore only the middle unit should be used in the analysis.

5.4

Adjacency Probability

An underutilized approach to investigating morphological unit organization is the transition
probability analysis method. This approach evaluates the frequency that each morphological
unit is adjacent to every other unit, and then compares that against the expectation associated
with a random system. A fully random organization would show that each unit type would
have equal adjacency probability to all other unit types (i.e., 1/n percent probability, where
n=total number of units).
Because the morphological unit conceptualization used in this study involves both lateral and
longitudinal adjacency of units, a new procedure has been developed to investigate transition
probabilities, which in this analysis become non-directional adjacency probabilities. To
determine how many units of one morphologic type were adjacent in any direction to another
type, use the “Select by Location” ArcGIS selection tool. This tool allows the user to specify
criteria for selection.
First save each MU type as separate shapefiles and open all into ArcMap. From the top
toolbar, open the “Selection” dropdown menu and choose “Select by Location”. In the tool
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window, choose the “select features from” in the “I want to:” menu and check the MU
shapefile of interest in “the following layer(s):” list that “touch the boundary of” another MU
shapefile. This will highlight those polygons of the first MU that are adjacent to polygons of
the second MU in the attribute table. For example, if you are interested in learning how many
pool units are adjacent to run units, “select features from” the run shapefile that “touch the
boundary of” the pool shapefile. Note that this example will only tell you have many pool
units are adjacent to run units, but not how many runs are adjacent to pools. A minimum size
criterion may be used here as well. Record the number of highlighted selections and repeat of
all combinations of MU adjacency. Analyze the results. If some MU exhibit adjacency
probabilities greater than 1/n, then there exists strong organizational structure.
5.5

Lateral Distribution

Traditional research usually only considers spatial organization in 1-D, i.e., one
morphological unit per cross-section. Wide, diverse rivers, such as the LYR, should also
exhibit lateral variability in its form-process associations, however. To test this, you will
determine the total number of MU polygons present at each cross-section. If you have
already performed the Longitudinal Distribution analyses (Section 5.2) then you have the
relevant data in Excel format and no further ArcGIS work is necessary.
Using the Excel data that includes MUs per cross-section, determine the number of individual
polygons present in each 20-ft long buffered cross-sectional area. Similar to the sum(if)
statement from the previous procedure, use a count(if) function here. A minimum size
criterion may be used here as well. You should now have a column of cross-sectional
stations with their associated number of MU polygons. Graph for analysis, and discern by
reach. Those cross-sections that contain more than one polygon exhibit lateral variability that
would not usually be included in traditional studies.
5.6

Discharge-Dependent Mesohabitat Hydraulics Characterization

Morphological units are landforms, but in some cases their distinctive features are revealed when
water is moving over and through them. Characterizing mesohabitats involves (1) describing the
hydraulics that occur over morphological units at a given discharge and (2) describing the
substrate and cover for the wetted area of each morphological unit type at a given discharge. The
latter data are collected as part of a separate protocol on substrate and cover. The analyses of the
hydraulic, substrate, and cover data are the topic of this subsection. The data required include
the MU polygon shapefile, the depth and velocity rasters for each relevant flow, the substrate
raster, and the cover polygon shapefile.
5.6.1 Mesohabitat Indicator Flows
Section 2.0 states the discharges that are to be assessed for their mesohabitat conditions.
5.6.2 Mesohabitat Hydraulics
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The first step is to determine the basic statistics of depth and velocity for each MU type. There
are several ways to do this (e.g. (a) zonal classification/stats, (b) clip raster with polygon for each
MU type and examine the raster histogram/stats, (c) convert raster to points, do spatial join to
assign MU type to each point, export points to .csv file, analyze in stats/spreadsheet program).
The second step is to convert raster to points for each MU type and then use MATLAB to create
a 3D histogram of the joint distribution of depth and velocity.
5.6.3 Mesohabitat Substrates
Stratify substrate raster by MU type and present statistics on abundance of each size fraction by
MU.
5.6.4 Mesohabitat Cover
Stratify cover polygons by MU type and present statistics on abundance and area of each type by
MU.
5.6.5 Mesohabitat Biological Analysis
Based on literature reports, surveys of other Central Valley streams, and preliminary
observations in the lower Yuba River (Pasternack, 1998), Table 7 illustrates the typical
morphological unit utilization pattern for different fish lifestages.
Table 7. Typical morphological unit utilization patterns for different fish lifestages. Each X represents a
hypothesized forage ratio greater than 1.

spring-run Chinook
spawn fry juv adult

unit
Chute
Run
Riffle
Riffle transition
Fast glide
Slow glide
Pool
Slackwater

X
X
X

fall-run Chinook
spawn fry juv adult
X
X
X

X

X
X

Steelhead
spawn fry juv adult

X
X
X

X

X
X

X

X
X

X

X

X

X
X

Use available biological data to compare relative percent occurrence versus relative percent
availability for each morphological unit at the relevant flow.
6.0

Logistics

6.1

Personnel

________________________________________________________________________
Appendix X
Landforms of the Lower Yuba River: Morphology
For Discussion Purposes Only- Subject to Revision

26

April 20, 2012

The database management specialist will be responsible for delineating morphological units and
creating mesohabitat maps for use by field crews. The database specialist will also be
responsible for conducting analysis of the field QA/QC results.
Mesohabitat survey personnel will be responsible for conducting surveys in the field as per the
protocols and duties described in section 4.2.3 above. All staff are expected to complete survey
data sheets and notes required for data collection. Experienced field staff are expected to assist
in the training of newly hired staff.
6.1.1 Experience and Qualifications of Personnel
To effectively delineate the morphological units outlined in this protocol, the data management
specialist must have at least one year of experience and four years of education above high
school in fisheries biology, hydromorphology, GIS, or a related field.
The database specialist should also have the following skills: ability to compile project data into
standardized electronic data formats, database maintenance in accordance with established
standards, GIS related abilities including map preparation, geo-referencing biological and habitat
data, maintaining location information tables, editing and updating hydrography GIS coverages,
and maintaining metadata for data sets and GIS coverages, ability to train users in the use of
database applications through individual instruction and/or group presentations, create queries,
summaries, and/or maps in response to requests for customized data.
Field crew members should have completed at least 2 years of education working towards a 4year degree in fisheries biology or a related field or have at least one year experience conducting
field surveys.
6.1.2 Training
This plan should be made available to all field survey personnel to promote consistence among
personnel and to address safety concerns. All personnel should be trained in swift water rescue,
basic first aid, with an emphasis on CPR and recognition and treatment of hypothermia. Crew
members should be trained to identify potential in-river hazards (debris jams, swift water,
turbulent areas, etc.) before entering the river and beginning to survey the unit. Field surveyors
must also be trained and be competent in the use of handheld GPS units and flow meters. Crew
members must be able to accurately identify and classify mesohabitat units in the field. If boats
or 4WD vehicles are used to access sampling locations, crew members must be competent in the
operation of such equipment.
The data management specialist must be trained to overlay mesohabitat maps and polygons
(created with GIS) on DEMs and 2D hydrodynamic simulations to accurately classify and
delineate mesohabit units.
6.2

Schedule
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Work on mesohabitat unit classification and delineation can begin as soon as the DEM is
complete and channel margins are mapped. This task cannot be completed at LYR flow less
than ~1,500 cfs. Field recon to ascertain specific mesohabitat unit type designations
(recirculations, run vs. pool, forced pool vs. pool, etc.) can begin as soon as all units of that type
have been delineated. Map QA/QC will be initiated as soon as the first draft of the mesohabitat
map is completed.
6.3

Cost

Database Management Specialist 2: $3753-$5051 monthly (one person should be able to map 5
miles per week and then you want to have a few weeks of data analysis, so let’s say 2 months.
Fisheries Technician 1/2: $1880 - $3640 @ 2 months (2 @ 1 month each)
6.4

Equipment List

Field Equipment:
Trimble GPS unit with data dictionary and morphological unit map loaded
Flow meter
Waders
Wading boots
Depth gauge
Tape measure
Camera
Box Clipboard/Data sheets
Field Notebook (Rite in the Rain)
Survey Protocol
Lab Equipment:
Computer with ArcMap 9.2 or ArcMap 9.3 installed
7.0

Data Management

7.1
Data Entry and Processing
No additional data entry or processing is necessary.
7.2

Data Storage and Archival

All original data will be kept well organized and labeled. Final reports will be digitized and
archived. Digital scans of data sheets should be kept in addition to the original hard copies.
 Raw Data Electronic Storage Format (Software): Microsoft Access
 Processed Data Electronic Storage Format (Software): Microsoft Access and ArcMap

Electronic files and print copies of the field data sheets will be located at:
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Yuba County Water Agency
1220 F Street
Marysville, CA 95901-4226
Data Retrieval Contact:
Telephone Number:
Email Address:

California Department of Fish and Game
2545 Zanella Way, Suite F
Chico, CA 95928
M&E Lead Geomorphologist – Greg Pasternack, Ph.D.
(530) 754 - 9243
gpast@ucdavis.edu
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