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1. Introduction
1.1 Background & Purpose
The loss of riparian areas throughout California has greatly impacted water quality and
habitat conditions, which has resulted in a number of challenges for resource managers
and the public in terms of water management and land use planning. Riparian areas,
defined here as floodplains area adjacent streams and wetlands, provide a multitude of
functions or ecologic services for their adjacent aquatic habitats including shading, bank
stabilization, organic and inorganic input, filtration, ground water recharge, and
downstream flood reduction. In the face of ongoing development and climate change,
there is a great need for land use planners to have tools available that can help them
delineate and map the desired extent of riparian functional areas in developed watersheds
targeted for restoration or relatively undisturbed watersheds targeted for development.
To increase the ability to enhance and protect riparian zones, SFEI received funding from
the Proposition 50 CALFED Watershed Protection program to develop a geospatial tool
capable of delineating the desired extent of riparian functional areas by building upon our
existing Riparian Areas Mapping Tool (RAMT v.1). RAMT v.1 is a Geographic
Information System (GIS)-based tool that estimates existing vegetative (allochthanus
inputs, large woody debris, shading, bank stabilization) and hillslope (hillside sediment
inputs from processes such as dry raveling and landslides) riparian functional areas along
lower order, higher gradient stream channels. The tool uses publicly available input data
combined with representative values taken from published literature and scientific
expertise to generate functional riparian widths based on existing land use, vegetation,
and slope. This project seeks to expand the RAMT v.1 by developing a new module that
uses local flow hydraulics to size riparian areas along higher order, lower gradient singlethread stream channels based on functions identified as important by the State Water
Resources Control Board including flood attenuation, runoff reduction, and aquatic
habitat and water quality improvement. The final product for this project will be a
scientifically based Riparian Zone Estimation Tool (RipZET) that combines the existing
two RAMT v.1 modules with the new module, called the Hydrologic Connectivity
Module (HCM).
In undisturbed low-lying, higher order channel valleys, riparian vegetation typically
exists out to the inundation extent for larger floods (Ilhardt et al. 2000). As such, the
HCM has the ability to assess local flooding extent as a means of determining desired
function riparian areas for either developed or undisturbed channel reaches. Within the
HCM, reach-scale flooding is assessed as a function of discharge, topography, and
boundary roughness using what is termed the “Discharge Approach.” Flooding extent is
determined in this approach using a modified form of Manning’s equation:
Q
where;

= 1.486(A)(R2/3)(S1/2)
n

Q = flow discharge (ft3s-1),
A = flow area (ft),
R = hydraulic radius (similar to average flow depth, ft)
S = slope of the energy grade line (similar to reach-average channel bed slope, ft/ft), and
n = Manning’s roughness coefficient.
Using this equation with local channel-floodplain topography and roughness data enables
calculation of flow depth and flow width (or inundation extent) for a range of flow
discharge values. With an overall understanding of the desired functional riparian extent
in low-lying floodplain areas (e.g., floodway inundated at least every 5-50 years), it is
possible to use this equation with local flood frequency information to obtain a general
estimate of appropriate local functional riparian width.
Developing useful local discharge-flow depth and discharge-inundation extent
relationships capable of sizing functional riparian widths requires high resolution
topographic and roughness data. As the ultimate goal for the HCM is to be easy to use
and based in large part on readily available data, the module development requires
understanding the sensitivity of these relationships to input data resolution (e.g., using
high resolution field-based data compared to lower resolution, publically available spatial
datasets and empirical literature values). Once this sensitivity is understood,
recommendations regarding the necessary data sources for HCM application can be
developed.
This document serves as the plan for collecting field data required for building the HCM
and assessing HCM output sensitivity to data source resolution. Here, we present a
phased approach for collecting the high resolution channel and floodplain topographic
and roughness data used in calculating local flow hydraulics and estimating local
flooding. Due to regional concerns over rapid development of riparian areas throughout
the San Francisco Bay-Delta (including watersheds extending from Shasta County to
Fresno County), we are focusing the field data collection effort and initial HCM testing in
several developed North Bay watersheds. In addition, the areas selected for study have
fine-scale geospatial data that will be used during HCM development (e.g., the Bay Area
Aquatic Resource Inventory, LiDAR, and Vegcamp). Subsequent project phases should
include field efforts that focus on assessing HCM sensitivity to data sources in other
regions throughout the state.

1.2 Overall Approach
The overall field approach entails collecting channel topographic and roughness data at
eight representative channel locations throughout the northern Bay Area (i.e, the same
focus area as the recent RipZET Regional Curve Study [Collins and Leventhal 2013]).
Field sites suitable for use within this study are low-gradient, alluvial channels with broad
floodplains low in the watershed (i.e., reaches that historically stored or currently store
large flood flows). At each site, a set of cross-sections that include both the channel and
floodplain will be surveyed along with relevant high flow indicators (e.g., depositional
bar surfaces, inset terraces, scour or debris lines along banks, depositional features on
4

floodplains). In addition, channel roughness estimates for both the channel and floodplain
at each cross-section location will be assessed using a widely used protocol based on bed
particle size distribution, channel morphology, and in-channel and floodplain vegetation
characteristics. These data will ultimately be compiled and used with local peak flood
discharge estimates to determine the channel and floodplain inundation extent associated
with different flood events.
Field data collection will occur from fall 2013 to fall 2014 using a phased approach.
Phase 1 will include collecting data at three study sites during late fall/winter 2013. The
purpose of Phase 1 is to test the developed field methodology and ensure that the data
collected provides adequate resolution for calculating local flow hydraulics. Using
lessons learned from assessing the Phase 1 dataset, Phase 2 will occur during the
summer/fall 2014 and include collecting field data from the remaining five study sites
using revised data collection methods (and revisiting Phase 1 sites as needed). By late fall
2014, field data collection and compilation will be completed and the Phase 2 field
dataset will be prepared for use in assessing local flow hydraulics.

2. Survey Design
2.1 Site selection
The Regional Curve Study done for the RipZET project established a network of field
sites in a range of channel types throughout the northern Bay Area in Marin and Sonoma
counties. For Phase 1 of this field effort, we are re-occupying three of the alluvial channel
sites from the Regional Curve Study network with appropriate geomorphic characteristics
and watershed position. The key selection criteria used to choose Phase 1 field sites
included relatively low channel gradient (reach average slope ≤ 2.5%), established
floodplains (either intact or developed), and located at the bottom of a relatively moderate
to large watershed (drainage area ≥ 1 mi2). In addition, the site has to have at least some
riparian areas still intact and be easily accessible. Based on these criteria, we selected the
following Regional Curve Study sites for use in this study: Crane Creek at Crane Creek
Regional Park (Sonoma County), Miller Creek at Marinwood (Marin County), and
Novato Creek at Novato (Marin County) (Figure 1). A complete description of the
selection criteria and the sites considered for study in Phase 1 is given in Appendix A.
For the Phase 2 field effort, field sites will be chosen from Regional Curve Study and
other potential sites in the northern Bay Area that meet the selection criteria. Following
the completion of Phase 1 field work, the remaining appropriate Regional Curve Study
sites will be compiled with a list of appropriate field sites derived from a review of
previous and existing SFEI project sites in the northern Bay Area (e.g., CRAM
assessment sites). From this compilation, we will select five Phase 2 field sites that have
the necessary site physical characteristics and that meet the accessibility requirements.
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Figure 1. Phase 1 field site locations

2.2 Data collection
2.2.1 Study reach establishment
At each field site, a study reach will be established that is homogeneous with respect to
geomorphic characteristics and processes (i.e., consistent channel morphology with no
considerable flow or sediment inputs or losses). To ensure adequate channel length
necessary for developing reach-average hydraulic conditions, reaches will be
approximately 20 bankfull widths in length and will begin and end at major breaks in
channel slope or at changes in channel geomorphic units (e.g., plane bed to pool-riffle).
For reaches with pool-riffle morphology, the reach will be of sufficient length to capture
a minimum of two pool-riffle sequences. Each reach will contain three cross-sections that
are representative of local channel and floodplain conditions: one cross-section towards
the upstream end of the reach, one in the middle of the reach, and one towards the
downstream end of the reach. Where appropriate, the middle cross-section will be a reoccupation of an existing Regional Curve Study cross-section. Following reach
establishment, a hand-held global positioning system (GPS) unit will be used to record
the location of reach boundaries (i.e., upstream and downstream thalweg coordinates) and
cross-section thalweg locations. Each reach and cross-section location will also be photodocumented in detail.
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2.2.2 Cross-section survey
Detailed topographic surveys that include both the active channel and adjacent floodplain
will be conducted at each cross-section location using an auto-level and stadia rod. To
monument each cross-section location, wooden survey stakes will be installed on the left
and right floodplain near the channel edge and their locations will be recorded using a
hand-held GPS. A measuring tape will be strung between the survey stakes and ground
elevations will be recorded at intervals appropriate for capturing topographic breaks and
other key geomorphic features (approximately 1 – 3 ft spacing, according the standard
methodology outlined in Harrelson et al. 1994). The topographic survey between the
survey stakes will include at minimum a point on the floodplain, channel-floodplain
transition point (or channel edge), the presumed bankfull flow elevation from field
observations, the edge of flow during the survey, and the channel thalweg. The crosssection survey will continue into the floodplain approximately 100 ft or to one of the
following locations: the presumed edge of the riparian zone in relatively undisturbed
floodplain areas; an abrupt break in slope marking the floodplain-valley wall boundary;
or to the extent of allowable access. The riparian zone edge will be determined
qualitatively by observations related to changes in vegetation (e.g., riparian trees to
grassland), changes in soil type (e.g., mesic to xeric), and/or the edge of high flow
indicators (e.g., scoured side channels, fine sediment deposits, vegetation debris). When
necessary, the surveyed channel cross-section boundary will be extended to the edge of
the riparian zone following field data collection using existing high resolution
topographic data (e.g., DEM or LiDAR).

2.2.3 Channel & floodplain roughness assessment
Roughness coefficients will be calculated for each cross-section from a combination of
individual factors influencing both channel and floodplain roughness using the
methodology described by Cowan (1956) and Chow (1959). Channel roughness (nchannel)
below the channel edge on both banks is calculated using the following equation:
nchannel = (nb + n1 + n2 + n3 + n4)m
where;
nb = base roughness value for a straight, uniform channel of natural materials,
n1 = adjustment factor that accounts for surface irregularities,
n2 = adjustment factor that accounts for variability in the channel cross-section shape,
n3 = adjustment factor that accounts for obstructions,
n4 = adjustment factor that accounts for vegetation and flow conditions, and
m = adjustment factor that accounts for channel meandering.
Following the channel roughness calculation approach presented in Aldridge and Garrett
(1973), the channel base roughness (nb) will be determined at each cross-section as a
function of local flow depth and bed texture using the Limerinos (1970) roughness
equation:
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nb

=

(0.0926)(R1/6)
f
1.16 + 2.0 log (R/D84)

where;
R = hydraulic radius (ft)
D84 = the bed particle size that is larger than 84% of the bed particles present (ft)
Hydraulic radius will be derived from cross-section survey topography and D84 will be
derived from collected Wolman (1954) pebble count data. At each cross-section location,
the intermediate axis (or b-axis) of 100 bed particles will be measured across the width of
the active channel bed over an area that extends approximately 10 ft upstream and
downstream of the cross-section or to an obvious break in the channel morphologic unit.
The pebble count data will then be used to develop bed particle size distributions (i.e.,
plots of bed particle size vs. cumulative percent finer), from which cross-section specific
D84 values will be extracted.
The channel roughness adjustment factors (n1 through n4 and m) will be determined for
local channel conditions by combining field observations of channel physical conditions
with a table of established channel roughness factor values (Table 1). Each channel
roughness adjustment factor has a range of categories with a range of associated factor
values, making value selection somewhat subjective and highly susceptible to user bias.
To ensure consistency, the field lead (a senior geomorphologist with extensive experience
working in California rivers) will train field staff in selecting appropriate channel
roughness adjustment factor values at a field site. In addition, the final channel roughness
adjustment factors for each site will be an average of the values determined
independently by each of the two to three field staff members present.
Similar to the channel, the floodplain roughness (nfloodplain) for local conditions around
each cross-section will be calculated using an equation from Arcement and Schneider
(1989) that combines a base roughness value and adjustment factors:
nfloodplain= (nb + n1 + n2 + n3)
where;
nb = base roughness for the floodplain’s natural bare surface,
n1 = adjustment factor that accounts for surface irregularities,
n2 = adjustment factor that accounts for vegetation type and density, and
n3 = adjustment factor that accounts for obstructions.
However, unlike channel roughness, floodplain roughness will be determined for
individual floodplain areas that are distinct with respect to dominant roughness elements.
For each individual floodplain area considered, base roughness and roughness adjustment
factors will be determined from combining observations of the floodplain conditions with
tables of established roughness values (Tables 2 and 3). Base roughness will be
determined from a visual assessment of dominant floodplain surface substrate texture (or
estimated median surface particle size [D50] for coarse sand and larger) and roughness
8

Table 1. Channel roughness adjustment factor values (from Arcement and Schneider 1989)
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Table 2. Base roughness values for channels and floodplains (from Arcement and
Schneider 1989)
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Table 3. Floodplain roughness adjustment factor values (modified from Arcement and
Schneider 1989)

adjustment factor values will be determined through a visual assessment of local
floodplain conditions. The adjustment factor values selected will represent average
conditions for floodplain inundation depths ranging from several inches to a few feet. As
with the channel roughness assessment, the subjective nature of floodplain roughness
determination will require field staff training in base roughness and adjustment value
selection and averaging of the roughness values determined by individual field staff at
each cross-section.
Using the approach outlined in Chow (1959), the channel and individual floodplain
roughness values for each cross-section will be compiled and a weighted average crosssection roughness value (navg) for increasing flow depth using the following equation:
navg

= (n13/2p1 + n23/2p2 + ...+ nN3/2pN)
P2/3

where;
n = local roughness value,
p = local wetted perimeter associated with local roughness value n, and
P = total wetted perimeter for given flow depth.
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Where necessary, associated floodplain roughness values beyond the extent of channel
topographic survey will be estimated using aerial imagery combined with field
observations.

2.3 Data management
Following the Phase 1 and Phase 2 field efforts, collected data will be compiled and
entered into the project electronic database for use in subsequent analyses and report
preparation. Specific data management tasks include the following:
•

Initial QA/QC data review – prior to entering data, the data recorded in field
books and field sheets will be reviewed by field staff to identify and correct any
obvious errors or omissions.

•

Spatial data compilation – all GPS coordinates collected at each study reach will
be labeled, attributed, and entered into the project database as both a KMZ file
and a shapefile. In addition, all photographs taken at each site will be labeled and
entered into the project database.

•

Field data compilation – The reviewed cross-section topographic data, pebble
count data, and field observations will be entered into spreadsheet files and saved
in the project database.

•

Initial data analysis – Topography at each cross-section will be plotted with all
pertinent geomorphic features (e.g., channel edge, presumed bankfull water
surface elevation, low-flow water surface elevation) and individual floodplain
area and associated roughness characteristics identified. In addition, the bed
particle size distribution at each cross-section will be plotted with the D84 and the
median particle size (D50) identified.

•

Second QA/QC data review – The plots of channel-floodplain topography and
bed particle size distribution at each cross-section will be reviewed by the project
lead geomorphologist to ensure the data appear accurate. Any issues with the data
will be reviewed with staff responsible for data collection and data entry. If
needed, additional field work will be performed to correct significant field data
related errors or inconsistencies.

3. Schedule
The schedule for Phase 1 and Phase 2 field data collection and management is shown in
Table 1. Each phase will have a 7-month duration; Phase 1 occur between September
2013 and March 2014 and Phase 2 will occur between March 2014 and September 2014.
By the end of September 2014, all field data collected will be reviewed and then used to
calculate reach-scale hydraulics and assess HCM sensitivity to input data resolution.
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Table 4. Schedule for field data collection and management

Tasks

2013
S

O

N

2014
D

J

F

M

A

M

J

J

A

S

Phase 1
(3 field sites)
Site Selection
Data Collection
• Study reach
establishment
• Cross-section survey
• Roughness Assessment
Data Management
Phase 2
(5 field sites)
Site Selection &
Approach Update (as needed)
Data Collection
• Study reach
establishment
• Cross-section survey
• Roughness Assessment
Data management
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Appendix A: Phase 1 Site Selection
Choosing Phase 1 field sites entailed first compiling the Collins and Leventhal (2013)
study sites located in low gradient (reach average gradient ≤ 2.5%), alluvial reaches at the
downstream end of modest-sized watersheds (drainage area ≥ 1 mi2) (see Table A-1).
Based on information contained within the Collins and Leventhal (2012) study report and
our personal knowledge, each site was assigned a relative rating of high, medium, or low
for the other site characteristics relevant for site selection: availability of relevant data,
ease of access to the site, overall habitat type (or degree of channel complexity), and level
of riparian disturbance. From this assessment, the Miller Creek, Crane Creek, and Novato
Creek sites were selected as the best sites to represent the desired range in watershed size,
channel slope, habitat type, and level of disturbance while having a relatively large
amount of available data and being relatively easy to access.
Table A-1. Potential Phase 1 sites taken from the Collins and Levethal (2013) study.

Potential
Phase 1
Site
East Fork
Olema Cr.
Bear Valley
Cr.
Cascade
Cr.
Olema Cr.,
John West
Fork
Cheda Cr.
Miller Cr.
at
Marinwood
Crane Cr. at
Regional
Park
San
Antonio
Cr., Emu
trib
Sonoma Cr.
at
Sugerloaf
SP
Halleck Cr.
at
Peekaboo

Stream
size

Available
relevant
data
(H, M, L)

Ease of
Access
(H, M, L)

H

Hydrogeomorphic
characteristics

Habitat
type

Level of
disturbance

Degree of
channel
complexity
(H, M, L)

Degree of
riparian
vegetation
disturbance
(H, M, L)

Watershed
size
(mi2)

Reach average
channel slope

M

1.2

0.012

H

M

H

M

1.8

0.013

M

M

H

H

2.0

0.020

M

L

H

M

3.0

0.010

H

M

H

L

1.1

0.014

M

M

H

H

6.4

0.005

L

M

M

H

2.0

0.024

M

H

H

M

2.6

0.010

M

H

M

M

2.6

0.009

L

H

H

M

5.1

0.011

M

H

Potential
Phase 1
Site

Stream
size

Available
relevant
data
(H, M, L)

Ease of
Access
(H, M, L)

M

Hydrogeomorphic
characteristics

Habitat
type

Level of
disturbance

Degree of
channel
complexity
(H, M, L)

Degree of
riparian
vegetation
disturbance
(H, M, L)

Watershed
size
(mi2)

Reach average
channel slope

L

6.5

0.016

M

H

M

L

8.0

0.021

M

H

M

L

8.0

0.006

M

H

M

L

8.3

0.008

M

H

Sausal Cr.

M

M

12.1

0.007

M

M

San
Antonio Cr.
near Hwy
101 br.

H

L

29.6

0.002

M

M

H

9.7
(below
Stafford
Lake)

0.004

M

M

Carriger Cr.
(lower fan)
Sonoma Cr.
(fan apex)
Sonoma Cr.
(mid fan)
Sonoma Cr.
(lower fan)

Novato Cr.
at USGS
gage

H

