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§A Executive Summary
Big rivers and their associated riparian and aquatic ecosystems represent critical natural resources for
National Park Service (NPS) units across arid and semiarid regions of the western US. Increasing human
demands for water threaten these important resources and place emphasis on monitoring and managing
their condition. Channel narrowing is an ecological response to natural and/or human-related decreases in
the frequency and magnitude of streamflows that often is associated with diminished riparian zones,
increases in non-native riparian species, reduced channel complexity and aquatic habitat; along with loss
of native riparian and aquatic species diversity. Such changes represent important resource concerns to
the NPS, particularly to NPS units that include portions of large rivers. Given the limited time and
financial resources NPS has available to devote to monitoring extensive reaches of big rivers in remote
locations, we propose a hypothesis driven, multi-scalar approach to monitoring big rivers. We summarize
the progress that has been made to date in the development of a Big Rivers Monitoring Protocol (BRMP)
for the NPS. This protocol builds on past and present monitoring efforts, including work on the Green
and Yampa rivers in Dinosaur National Monument, the Gunnison River at Black Canyon of the Gunnison
National Park (BLCA) and Curecanti National Recreation Area (CURE), and along the Colorado and
Green Rivers in Canyonlands National Park (CANY). This protocol will use a multi-scalar, hypothesis
driven monitoring design that links frequent, field-based rapid assessments, existing independent data
sets, and infrequent, quantitative evaluations of broad-scale changes using remotely sensed data.
Specifically, we hypothesize that with anticipated climate change and increasing human demands on
regional water resources, streamflow regimes will shift according to 1) more droughts and bigger floods
and 2) more droughts and fewer, smaller floods because of water resource development. These shifts will
encourage channel narrowing through vegetation encroachment and stabilization of formerly active
channel deposits and the building of new floodplain surfaces by lateral and vertical accretion of alluvial
sediments. Our vision for a BRMP is to structure monitoring based on hypothesis testing of how large
rivers of the region are predicted to respond to future natural and human-induced changes in stream flow,
resulting in direct, measurable changes in channel form and functioning as well as related changes in the
abundance, composition, and distribution of riparian vegetation. Given a hypothesis-based focus on
channel narrowing, our review of existing protocols, and a need for new approaches to meet the
challenges of monitoring along big rivers, we proposed a BRMP with four integrated elements. These
elements combine remotely sensed and ground-based data and include: A) a broad-scale, remotely sensed
assessment of geomorphic and vegetation change, particularly in relation to channel narrowing; B) a
spatially extensive field-based, rapid assessment of geomorphic and vegetation change on surfaces
representing a range of susceptibility to channel narrowing ; C) a field-based, detailed, and quantitative
assessments of geomorphic and vegetation change at a small number of sites (sentinel sites) predicted to
be sensitive to channel narrowing; and D) the integration of sentinel sites with historical monitoring data
and research at sites (legacy sites) that provide context and insight into dynamics of channel change and
the factors that drive this change.
We field-tested various approaches and change detection techniques for each of our four big rivers
monitoring elements. Activities for each element are described below.
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A) Remote Sensing: Remotely sensed data used in our approach testing came from three sources: Landsat
imagery between; aerial imagery from Google Earth; and airborne LiDaR for portions of the Yampa
River in DINO collected by Utah State University for a related project. We examined the potential
usefulness of using publically available Landsat imagery (1989 - 2009) to discern riparian vegetation and
document historical vegetation change. We used 2005 aerial imagery in Google Earth to perform a
broad-scale assessment of 113 geomorphic features along 55 km of the Yampa River in DINO. These
sites represented a range of hydrogeomorphic settings with hypothesized sensitivities to future channel
narrowing, ranging from vegetated insensitive sites to very sensitive sites were persistent vegetation has
begun to establish. Finally, Airborne LiDaR from 2008 was used successfully as a proof of concept for
hydraulic modeling based on upscaling terrestrial laser scanning (TLS) data for Laddie Park.
B) Rapid Assessments: The rapid assessment procedures proposed in this protocol include vegetative and
geomorphic components. Multivariate analyses of vegetation sampled from over 1,100 quadrats
throughout Yampa canyon from 2009 - 2011produced a set of plant species, which were statistically
significant indicators of discrete geomorphic surface types. Based on field assessments in 2010 and 2011
we determined that rapid assessments for vegetation should be based on randomly selected quadrats used
to record the presence/absence of indicator species and total vegetation cover. Statistical techniques (e.g.,
bootstrapping and power analyses) will be used to determine the minimum number of quadrats needed,
per area of channel feature, to detect significant trends over time. Rapid geomorphic assessments were
not field-tested but should include evaluation of change in sediment particle size based on sampling of
modal particle size from within the vegetation quadrats, as well as changes in the elevation of channel
features using a local benchmark and hand-held or laser levels. Changes in planview area of a feature
also could be assessed using a hand-held GPS unit, depending on local accuracy. Quantitative
comparisons were made to determine the accuracy with which mapping-grade GPS units could be used in
the field to accurately and repeatedly delineate geomorphic features as part of a rapid assessment.
C) Sentinel Sites: Like rapid assessments, sentinel sites include measurements of vegetation and
geomorphic condition, but with more detail. We compared changes in the frequency of indicator plant
species and total vegetation at four possible sentinel site locations, based on quadrat sampling in 2010 and
2011. Only small, non-significant changes in these metrics between the two years were noted, even
though 2011 featured a significant flood. Sensitivity analysis will be performed to determine what degree
of change in indicator frequency and total cover would constitute a statistically significant increase for
these two metrics. The mapping of distinctly different sedimentary units (facies mapping) at sentinel sites
was not completed and is planned for follow-up work in 2012, as is the mapping of perennial vegetation
patches. However, all features were surveyed for topography in both years and will be analyzed for
differences in size and elevation of each feature. In 2011, four sentinel sites were surveyed with total
stations using topographically stratified sampling. This sampling is used to survey the extent of a sentinel
site with a pre-determined site boundary (from aerial photography), instead of focusing on just the
vegetation quadrats and the features they occupy. This sampling strategy focuses on capturing more data
in areas of topographic complexity, less in simple areas and using grade-break lines to define major
breaks in slopes. With the use of newly developed Geomorphic Change Detection Software (available at
http://gcd.joewheaton.org), such a surveying approach will enable a robust level of geomorphic change
detection, estimation of morphological sediment budgets, and a mechanistic interpretation of spatial
changes in terms of their association with facies maps and persistent vegetation patches. Finally, we
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completed surveys in 2009 and 2010 at Whirlpool Canyon and Laddie Park, which cover potential
sentinel sites. In both cases, terrestrial laser scanning (TLS) data was decimated down to a resolution
similar to that which we would acquire with a total station to illustrate what geomorphic change detection
analysis and output would look like at these sites.
D) Legacy Sites: As a demonstration of what kinds of geomorphic change-detection approaches are
possible at a larger, legacy site scale, we examined the use of terrestrial laser scanning (TLS) data. We
used TLS data to calculate the net volumetric morphological sediment budget (i.e., change in storage) for
an approximately 1 km reach of the Yampa River channel in Deerlodge Park following the 2011 floods.
This was done by comparing (differencing) digital elevation models (DEMS) produced by TLS surveys
collected in the reach in 2010 and 2011, post-flood. We applied geomorphic change detection software
and thresholded the results probabilistically to remove changes with less than a 90% probability of being
real. The results highlight that in terms of surface area, deposition outpaced erosion by roughly 18%, but
that in volumetric terms deposition outpaced erosion by nearly 26% (26,947m3) between 2010 and 2011.
There is a coherent and significant reorganization of the active braid bars in the channel resulting from the
historical high flow events of 2011. Lastly, TLS may be a practical method to employ at legacy sites for
specific research projects; however, in the context of on-going Big River Monitoring, it is too expensive
and logistically challenging to justify its use. But, an emerging technology known as structure from
motion (SfM), may provide a tractable way of acquiring topographic point cloud data. SfM uses oblique
photogrammetry from100’s of overlapping photos taken from different perspectives to build 3D
photographic scenes. One of the outputs of SfM is a 3D point cloud, and if control points are present in
the cloud, it can be easily georefrenced. Using software like the SfM Toolkit, the workflows are highly
automated and simple. This emerging area of research still needs to establish the relative quality and
accuracy of point clouds derived from SfM versus traditional TLS or airborne LiDaR scanners (ALS).
However, the logistics of the field acquisition are so simple that they could potentially be easily and
quickly deployed for either sentinel or rapid assessment site monitoring.
Based on the challenges of monitoring large and long rivers and results of our approach testing, we
present our recommended Big Rivers Monitoring Protocol, as briefly outlined below:
A. At a broad spatial scale, conduct a baseline inventory of sites hypothesized to be very sensitive,
sensitive and insensitive to channel narrowing. We can use freely available, remotely sensed,
present-day and historical aerial imagery (e.g., Bing Maps, Google Earth, NAIP) to produce a
reasonably accurate census of all active or recently active (i.e., past 25 years) bar surfaces that
have a longitudinal length greater than half the active channel width (e.g., Figure 6), representing
hydrogeomorphic locations with a range of sensitivities to channel narrowing. This initial
baseline of features would be established over three years, for the Yampa, the Green above the
confluence, and the Green below the confluence in DINO. Fortunately, at the broad scale of the
entire river corridor of NPS park units, a finite number of resources of management concern (i.e.,
exposed alluvial surfaces and bars) exist.
B. Via float trips, conduct rapid assessments of the condition of hypothesized sensitive and
insensitive sites. We will assess a randomly selected set of sensitive and insensitive features
throughout the river corridor, from the baseline imagery. A random selection of a rotating panel
of 10-20 sites per year would be assessed at DINO with most sites visited over a five to six year
5

rotation. However, some sites may need to be excluded due to lack of GPS reception in deep,
narrow canyon sections. Assessment would consist of a rapid, ground-based inventory using key
geomorphic and vegetation indicators. Sampling trips would be timed to minimize stream stagedependence of results, or data collection adjusted for that influence. Thus, sampling takes place at
particular time of year (e.g., end of growing season) when flows at the Deerlodge USGS gage are
within a specified range of discharges.
C. Establish sentinel monitoring sites at pre-identified sensitive or very sensitive sites
opportunistically selecting for locations that are logistically easy to access (i.e., ½ to one day
travel time per site). Based on pilot studies in 2010 and 2011, we estimate about three float/hikein trips every two years as a feasible level of effort. This would include three sentinel sites per
reach, for a total of nine representing the annual effort in DINO. More sites could be added if a
rotating panel was established so that not all sites would be done every year. Going forward, a
more detailed vegetation and geomorphic evaluation of sentinel sites includes: quadrat-based
sampling of randomly located vegetation plots across active channel surfaces, a detailed
topographic survey of those surfaces, and a mapping of different depositional facies and patches
of perennial vegetation across the site surfaces. Quantitative comparisons of geomorphic and
vegetation metrics across years would be used to detect and document channel narrowing.
D. Opportunistically integrate BRMP monitoring efforts (i.e., elements A-C above) with legacy
monitoring sites, which are already established. Each park has at least one to three sites, which
have been the focus of past monitoring and/or research efforts (e.g., Deerlodge Park, Echo Park,
Laddie Park). The monitoring may be ongoing, inactive, or intermittent at these sites, but tends to
be more intensive and spatially extensive then both the sentinel and rapid assessment sites (e.g.,
Laddie Park, may contain several potential rapid assessment sites). As such, an effort should be
made to place rapid assessment and sentinel sites specifically at legacy monitoring sites and tie
into existing control networks and monitoring efforts. This will provide 1) an independent check
of the BRMP data against the sentinel sites, 2) leverage the longer term record of data, and 3)
potentially allow the BRMP to opportunistically integrate with other ongoing monitoring efforts
which are funded with other resources. Examples of what else we could incorporate from Legacy
monitoring sites include:
1. Long-term, mechanistic relationships between flow, sediment, vegetation and channel form
2. More traditional, intensive permanent plots spatially aggregated over remote sensing and
geomorphic maps
3. Repeat topographic surveys and sediment budget work
4. Habitat assessment
Specific Standard Operating Procedures (SOPs) associated with this proposed BRMP are presented in
Appendix B. We plan to continue to work collaboratively with the NPS to develop, refine and implement
this protocol and related SOPs over the next two years.

§B Background
Introduction
Within National Park Service (NPS) units and across the western US, big rivers and their associated
riparian zones, provide habitat for federally listed terrestrial and aquatic species, are intimately associated
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with unique geologic features that are cited in enabling legislation, and are major recreation destinations.
Riparian zones occupy a tiny fraction of the arid southwestern landscape, yet they contribute
disproportionately to regional biodiversity (Gregory et al. 1991, Naiman and Decamps 1997). Despite the
physical, biological, and aesthetic importance of these large rivers, human demands on the Colorado
River basin’s water and power continue to grow. Increasing human population fuels increased demands
for Colorado River water in Utah, Colorado, Arizona, Nevada, California, Wyoming and New Mexico.
This demand includes existing within-basin uses and newly proposed trans-basin diversions from upper
basin sources, including Flaming Gorge Reservoir and the Yampa River. Streamflow in virtually all of
the rivers within the Colorado River drainage specifically and across the southwestern US in general have
been altered by water development projects. In most cases, peak flows have been reduced, resulting in
channel narrowing, geomorphic simplification and loss of riparian structure and related biological
diversity. The Yampa River remains as the longest relatively free-flowing reach of river in the Colorado
River basin and partially “naturalizes” the flow-regulated Green River below the confluence. Dinosaur
National Monument (DINO) provides a unique paired comparison between the regulated Green River, the
unregulated Yampa River of comparable annual discharge, and the partially flow-restored Green River
below the confluence. In addition to DINO, the Northern Colorado Plateau Network (NCPN) is
implementing a big river monitoring program along the Gunnison River at Black Canyon of the Gunnison
National Park (BLCA) and Curecanti National Recreation Area (CURE), and along the Colorado and
Green Rivers in Canyonlands National Park (CANY). These four parks contain two of the major
confluences and portions of four of the major rivers in the Upper Colorado River Basin.
Channel narrowing or simplification and related vegetation changes have been noted on large rivers
throughout the region since the mid-twentieth century. These changes have occurred following
reductions in streamflow related to climate change and water development (Hereford 1984, Allred and
Schmidt 1999, Dean and Schmidt 2011). Channel narrowing involves reductions in the size and
geomorphic complexity of stream channels, along with related changes in the width, structure and
composition of riparian vegetation (Graf 2006). In many cases, this narrowing has been accompanied and
in some settings enhanced by the establishment and spread of the non-native riparian shrub tamarisk
(Tamarix ramosissima and hybrids) (Everitt 1993, Birken and Cooper 2006, Manners et al. 2010, Dean et
al. 2011). In addition to contraction of the width of the riparian zone (Auble et al. 2005), the narrowing
process simplifies channel form and spatial complexity, and thus reduces important in-channel habitat for
native aquatic species, including endangered fish (Schmidt and Brim-Box 2004, Van Steeter and Ptilick
1998). A continuing process of channel narrowing can be expected along large rivers of the southwestern
US as increasing demands for water by growing regional populations (Sabo et al. 2010) collide with
potentially reduced supplies resulting from predicted intensification of regional drought conditions
(Seager et al. 2007).
Channel narrowing is a response to natural and/or human-related decreases in the frequency and
magnitude of flows that erode, transport and deposit sediment and thus maintain an active channel within
a particular dimensional range over time (Schumm and Lichty 1965, Friedman et al. 1998, Allred and
Schmidt 1999). Thus, there are a number of direct and indirect metrics that might be used to assess a
long-term channel narrowing process. Measuring streamflow over time would be the most direct way of
assessing change in streamflow that might lead to channel narrowing, but it is difficult to establish a
relationship between flow and channel response without also measuring changes in channel geometry.
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Changes in channel geometry through the conversion of active channel surfaces to less active and more
stable surfaces is a hallmark of channel narrowing (Graf 2006) that is often intimately related to the
establishment of riparian vegetation. Additional and less direct consequences of channel narrowing may
involve changes in aquatic invertebrates related to changes in streamflow, water temperature and habitat
changes (Vinson 2001). Riparian bird diversity is related to the structural complexity of riparian
vegetation (Scott et al. 2003) and loss of such complexity through channel narrowing can have important
indirect effects on riparian bird communities. We chose to focus our monitoring efforts on geomorphic
and vegetation changes because these represent two of the most immediate and observable manifestations
of the channel narrowing process.
Diminished riparian zones, increases in non-native riparian species, reduced channel complexity and
aquatic habitat; along with loss of native riparian and aquatic species diversity are all consequences of
flow-related channel narrowing and of general concern to the NPS and specifically units that include large
rivers (Vinson 2001, Graf 2006). Early detection and quantification of the channel narrowing process
would allow the NPS to negotiate with water users in the case of human-caused flow depletions and
related channel narrowing, as well as identify reaches sensitive to narrowing so that management actions
could be implemented in a more efficient and cost effective way.
There are some very well established riparian vegetation and geomorphology measurements available in
the peer-reviewed literature for big rivers. However many of these methods are expensive and labor
intensive. The NCPN has approximately $1.1 million annually to implement ten protocols in 16 national
park units. This translates into an average effort of approximately 12 person weeks of big river
monitoring annually for each of the four river parks. This effort is sufficient to accomplish the rapid field
assessments and sentinel site monitoring procedures outlined in this report. Two remaining elements of
our proposed approach call for: opportunistic use of publically available remotely sensed imagery to
extend the spatial inference of on-the-ground monitoring; and incorporation of independent research
results at legacy sites, which can provide insight into the factors and processes driving important changes
in resource condition.
Hypothesis Driven Monitoring
Many monitoring programs are developed to aid in decision making and natural resource management.
Some of these efforts are explicitly part of an adaptive management program, in which the monitoring
provides the ‘learning’ part of an adaptive management loop which feedbacks on management planning
and actions (e.g., Grand Canyon Monitoring Research Center’s Colorado River Adaptive Management
Program). However, very few monitoring programs are driven by explicit hypotheses… When monitoring
is designed to test specific hypotheses… it does three things: 1) it forces us to articulate our understanding
of the system of concern at the outset and creates the opportunity for that understanding to be tested and
refined through time, 2) it helps focus monitoring efforts on what is crucial to testing these hypotheses as
opposed to just checking boxes of various activities simply because we can, and 3) it maximizes the
opportunity for the monitoring to inform both science and management.
The purpose of this final report is to summarize the progress that has been made to date in the
development of a Big Rivers Monitoring Protocol (BRMP) for the NPS. Work on the protocol will
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continue beyond the timeframe of this project based on additional funds made available by NPS. Specific
objectives for monitoring big rivers across the NCPN will be refined and improved based on data
collected as part of this project and now include:
1. Developing an integrated BRMP that could be transferable to other networks and other
monitoring programs that involve large rivers of the arid and semiarid American west. Initial
protocol design and development was implemented on the Yampa and Green rivers at DINO from
2009 to 2011 and on the Gunnison River in BLCA in 2011. Pilot testing and implementation will
continue at these two parks and begin at CANY and CURE in 2012; and
2. Using hypothesis driven monitoring, this protocol seeks to quantify when and where
hypothesized changes related to geomorphic simplification, vegetation encroachment and
contraction (or expansion) of the riparian zone occur. Monitoring will include integrated
assessments of change at site-specific to broad spatial scales (i.e., entire length of big rivers in
NPS park units), that occur in response to climate- and human-related changes in stream flow.
This protocol will use a multi-scalar monitoring design linking frequent, rapid field indicators and
assessments, with infrequent, quantitative assessments of broad-scale changes using remotely
sensed data. This work builds upon more than a decade of research on the Green River, and more
recently the Yampa River, at DINO by the Geomorphology lab at Utah State University and more
recently the US Geological Survey in collaboration with Utah State University and the NCPN of
the NPS.

Review of Existing Relevant Protocols
Despite there being only four Big River parks, there are several important differences between them
necessitating similar, yet slightly different monitoring approaches for these parks. There are a variety of
protocols available for riparian monitoring and several were considered for the BRMP. The NCPN has
developed a wadeable steams protocol for small and ephemeral streams in the network (Weissinger et al.,
in review). This protocol is loosely based on the Environmental Monitoring and Assessment Program
(EMAP) methods developed by the EPA and the greenline riparian channel vegetation survey found in
Herrick et al. (2005). Extensive sampling to evaluate the efficiency and effectiveness for various
ecological measures and measurement techniques took place to develop this protocol (Scott and Reynolds
2007). The EMAP protocol incorporates seven complete stream cross-sections for geomorphology and
riparian vegetation, and ground water wells to understand alluvial groundwater hydrology. This is similar
to riparian and aquatic monitoring approaches that focus efforts on a section of stream (a stream reach)
and subsample that reach using cross-sectional transects (Fitzpatrick et al. 1998, Winward 2000, Heitke et
al. 2010, Leary and Ebertowski 2010). While this approach works well for wadeable streams on a small
scale and provides a framework of components to be followed for big river monitoring, it is not
achievable at the scale of big rivers for three of the four NCPN parks.
Other arid land riparian methods were reviewed and evaluated and determined to not be of sufficient rigor
or repeatable (Stacey et al. 2005, Herrick et al. 2005 [Riparian channel and gulley profile]) or
alternatively too expensive for NCPN resources (Lord et al. 2009, Grams 1997, Grams and Schmidt, 2002
& 2005, Melis 2011). Due to the extensive lengths of rivers in remote settings within NCPN parks and
the limited resources available for monitoring, we sought to focus most of our effort on detailed annual
monitoring information from a select number of sites that we hypothesize are sensitive to hypothesized
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changes (sentinel sites) and rapid assessments of a wide variety of sites across a broad spatial scale, to
ensure that if changes are occurring beyond the sentinel sites that the monitoring program does not miss
them.

Past & Present Monitoring Efforts in Dinosaur
A wealth of past research and monitoring has taken place in Dinosaur National Monument. These efforts
range from extensive macroinvertebrate sampling by the Utah State University BugLab (a.k.a. BLM/USU
National Aquatic Monitoring Center), to detailed geomorphic investigations by various groups, as well as
vegetation studies also by a range of investigators. While it is beyond the scope of this report to review all
these notable past and ongoing monitoring efforts, we wish to at least draw attention to a few of the
geomorphic and vegetative studies that are key to the hypothesis driven monitoring we propose as part of
the BRMP. Within the ongoing development and eventual implementation of the BRMP, a central theme
is to compliment and capitalize on past work and investments in monitoring to tease more detail out of
BRMP efforts as well as provide better context.
A range of investigators have studied the geomorphic setting, condition and behavior of the Yampa and
Green Rivers within Dinosaur National Monument, which typify some of the settings found in other big,
canyon-bound rivers in NCPN park units. In addition other studies specifically on channel narrowing
elsewhere in the Upper Colorado are of direct relevance (Allred and Schmidt 1999, Gaeuman et al. 2005).
There have been a variety of studies on debris fan formation (Hammack and Wohl 1996, Larsen et al.
2004), as well as upslope studies that have looked at the occurrence of landslides, which lead to the
formation and evolution of these debris fans (Larsen et al. 2006). The debris fans are critical to
understanding the occurrence of the majority of the eddy-bars (part of larger fan-eddy complex) in the
canyon bound sections of these rivers. Whether these channels are in a state of net aggradation,
equilibrium, or net degradation is ultimately tied to the sediment budget of a river, an important
component of which is the change in storage. These changes in storage can be used to understand the
dynamics and occurrence of channel narrowing and/or widening (Grams and Schmidt 2002, Grams and
Schmidt 2005, Grams et al. 2007). These studies have utilized a variety of field techniques, ranging from
geomorphic mapping, cross sections, full topographic surveys, stream gaging and analytical techniques
ranging from repeat aerial photography analysis, hydraulic modeling and change detection at cross
sections or with repeat topography. These studies help layout the physical template and geomorphic
history, which then helps explain the vegetative response and distributions.
Previous investigations indicate that distinctive assemblages of plant species are associated with different
fluvial geomorphic surfaces, based primarily on the frequency and duration with which these surfaces are
inundated by streamflow (Auble et al. 1994 & 2005). Control on the distribution, abundance and
composition of vegetation by streamflow and flow-controlled geomorphic processes also has been
reported along the Green and Yampa rivers in DINO (Merritt and Cooper 2000). Identification of guilds
or non-phylogenetic groupings of plants, with similar evolved adaptations to specific attributes of the
flow regime, has been proposed as a way of predicting how vegetation flow-response guilds would
change in response to projected changes in streamflow (Merritt et al. 2010). Thus, one goal of this study
was to identify plant guilds or specific plants indicative of the various hydrogeomorphic settings that exist
within DINO, and use this information as one way of monitoring for and detecting specific vegetation
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changes predicted to occur with channel narrowing. Because the Yampa represents one of the last
remaining large rivers in the Colorado River basin with a relatively natural hydrology, we chose to use the
Yampa in DINO to represent an unregulated baseline from which to monitor future channel narrowing.
Channel narrowing, from 11 to 20% has already occurred along portions of the Green River in Lodore
Canyon in DINO (Grams and Schmidt 2002), providing an additional basis for assessing which plant
species are likely to represent reliable indicators of the channel narrowing process (Fischer et al. 1983).

§C Protocol Development
The Central Hypothesis Driving Monitoring - Channel Narrowing
Channel narrowing proceeds as portions of the active channel convert to stable, vegetated flood plain
surfaces. Flood plains represent one of a number of river-deposited features and are typically composed
of vertically stacked fine-grained layers of sediment left by discrete floods. By definition, flood plains are
level surfaces constructed by a river under prevailing climatic conditions, and are relatively frequently
inundated by high flows (Leopold 1994); however, there is no regionally consistent recurrence of
inundation of these features, as is found in laterally accreting flood plains along meandering rivers in
other regions. Along channels confined by colluvium or bed rock, flood plain deposits may be narrow and
discontinuous (Grams and Schmidt 2002), or even non-existent. In contrast, channels in large alluvial
basins may have large, spatially extensive flood plains. Vertically aggraded flood plains progressively
become disconnected from surface flows in adjacent channels (Manners et al. 2010), and may be
abandoned if the regional climate becomes drier.
Riparian vegetation establishment and succession is intimately linked to the lateral and vertical accretion
of sediments that lead to flood plain formation across a range of channel forms (Schumm and Lichty
1963, Hereford 1984, Bradley and Smith 1986, Boggs and Weaver 1994, Dean et al. 2011). This tight
linkage between fluvial geomorphic processes and riparian vegetation dynamics allows the encroachment
of persistent vegetation onto formerly active channel deposits to serve as a proxy measure of channel
narrowing. Specifically, we hypothesize that with anticipated climate change and increasing human
demands on regional water resources, flow regimes will shift according to: (a) more droughts and bigger
floods and (b) more droughts and no floods because of water resource development. These shifts will
encourage channel narrowing through vegetation encroachment and stabilization of formerly active
channel deposits and the building of new floodplain surfaces by lateral and vertical accretion. This
hypothesized response is a threat to NPS riparian and aquatic resources. Our vision for a BRMP is to
structure monitoring based on hypothesis testing of how large rivers of the region are predicted to respond
to future natural and human-induced changes in stream flow, resulting in direct, measurable changes in
channel form and functioning. Hypothesis driven monitoring has been used in spawning habitat
restoration monitoring (Wheaton et al. 2004) as well as in the Grand Canyon (Schmidt and Grams 2011)
and on the Trinity River (McBain and Trush 1997) for setting flow regimes and experimental floods.
Direct and Indirect Measures of Narrowing
Direct measures of channel narrowing typically involve repeated topographic surveys at permanently
located channel cross-sections over time. Such direct measures can provide detailed and temporally rich
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information on localized channel change, but often are spatially limited, making it difficult to infer
change at larger spatial scales (Moody and Pizzuto 1999, Allred and Schmidt 2002). A time sequence of
air photos provides an indirect but spatially integrated quantification of channel change over larger areas,
but generally is too coarse to provide a more detailed interpretation of floodplain formation and related
channel narrowing (Graf 1978, Merritt 1997). Some combination of fine- and coarse-scale analyses of
channel narrowing can provide a more robust interpretation (Manners et al. 2010, Dean and Schmidt
2011).
Indicators of Narrowing Process
Geomorphic indicators of the channel narrowing process involve construction of stable and persistent
floodplain surfaces by lateral and vertical accretion of fine-grained sediments on formerly active channel
deposits (Schumm and Lichty 1963, Allred and Schmidt 1999). Using stratigraphic and
dendrogeomorphic historical reconstructions of channel change in combination with a time sequence of
aerial photographs, Manners et al. (2010) documented localized channel narrowing along the Yampa
River in Harding Hole and Laddie Park since 1939, the earliest available aerial photography. A
progressive narrowing process was documented, which involved the establishment of tamarisk during a
series of low-flow years, followed by lateral and vertical accretion of fine-grained sediment deposited in
subsequent flood years. Active and inactive floodplain surfaces were variously constructed on midchannel gravel bars, eddy bars and lateral bars. Thus, a persistent increase in the area of relatively stable
vertically and laterally accreting, fine-grained sediments in the active channel is a direct geomorphic
indicator of channel narrowing. In some cases, the creation of these geomorphic features is facilitated by
riparian vegetation.
Vegetative indicators of channel narrowing involve increases in the extent and cover of vegetation in
formerly active channel locations. This increase in vegetation is typically linked with the progressive
formation of both active and inactive floodplain surfaces. Channel narrowing and floodplain construction
on the Yampa has in some locations been facilitated by the establishment and growth of tamarisk;
however, other surfaces have been colonized by tamarisk and other plant species following flood
deposition (Manners et al. 2010). There are a number of species that are significantly and uniquely
associated with specific flow-related geomorphic surfaces such as the active channel as well as active and
inactive floodplains (Table 1).

Problem of Sampling over Large and Long Rivers
Sampling vegetation and geomorphology in big canyon-bound rivers in NPS units presents a variety of
challenges. Some of these challenges are similar to any sampling in vegetated riparian settings and active
fluvial environment. The primary irony being that one of the things we care about (i.e., riparian
vegetation) is the very thing that makes accurately measuring one of the other main things we care about
(i.e., topography) so difficult. Most topographic sampling relies either on a line of site to the ground or
the ability to physically occupy the ground (e.g., with a survey rod and prism), vegetation simply limits
this. Other challenges relate to sampling topography in big water, where large portions are un-wadeable
and some portions are un-boatable and not easily overcome with remote sensing technologies. The
specific challenges associated with sampling big, canyon-bound rivers are their remote nature, generally
poor access, restrictions on working in wilderness areas, and the limitations and hazards that canyon
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geometry and cliff heights present to remote sensing data acquisitions from aerial platforms. These
factors combine to define some logistical constraints on what can and cannot be done, as well as defining
some minimum cost as many sites are only accessible by boat via a multi-day research expedition.
However, the biggest problem is simply a function of the scope of sampling relative to limited resources.
The areas of management concern are long (upwards of 100’s of kilometers of river) and the scale at
which channel narrowing might be explained mechanistically ranges from the grain scale up through
reach-scales. The problem has historically been that we cannot sample everywhere at adequate
resolution. To a certain extent, remote sensing and new survey technologies are changing this
predicament – in that we can now sample 100’s of kms of river for reasonable cost. This is a brute force
approach to sampling, in which some of the things we wish to measure are more or less modeled
continuously in space because the sampling is so dense (i.e., 1-10 points m2 on LiDaR, 10 cm to 25 cm
resolution on imagery). However, remote sensing does not and will likely never be a substitute for some
on-the ground sampling nor the power of exercising user judgment and interpretation during groundbased sampling efforts. Moreover, the new paradigm with emerging survey and remote sensing
technologies is to ‘be careful what you ask for, because you’ll likely get it’. The related problem is what
do you do with it? Now that we have multi-spectral imagery and airborne LiDaR at multiple times for
most of the Yampa River, for example, what do we do with it? The problem shifts from a data acquisition
problem (i.e., we fundamentally can’t collect enough data) to a data processing problem (i.e., we have so
much data that it is just as bad and complicated as the real world and we need to sub-sample it). Manual
classification and identification from such data may be possible at some resolutions (e.g., identifying
potentially sensitive bar features) over the entire length of these rivers in NPS park units, but not practical
at other scales (e.g., classifying all geomorphic units or vegetation types for whole corridor). Here we
may turn to some automated classification procedures, but these frequently fall short in their performance.
With the BRMP, we recognize that 1) the remote sensing and survey sampling revolution has changed the
scope of what is possible in monitoring; 2) remote sensing cannot measure everything, and in many cases
shifts the problem from data acquisition to data processing; 3) there are no substitutes for ground-based
surveys of some aspects of vegetation and topography that are superior and necessary, but only possible
over small extents; and 4) there are many situations where the quality of an inference from remote sensing
data can be dramatically improved with some rapidly-collected ground truthing data. Recognizing these
opportunities and some of the above challenges, we think that the key to an effective monitoring strategy
at the scale of entire park units is a multi-scalar sampling strategy, which blends spatial extent and
coverage bought from quick desktop analyses of remote sensing data across the entire system, with rapid
assessment procedures stratified throughout the system on float trips, and combined with more traditional
intensive sampling efforts at specific study sites. Such an approach would help 1) ensure that we’re not
missing a signal occurring elsewhere in the system that is simply not captured by our intensive sampling
at a few particular sites, 2) help us validate the responses and signals we may see system-wide with our
detailed sampling, and 3) enable us to better contextualize how representative our intensive sampling is of
the whole system. The remainder of this section is focused on standard operation procedures (SOPs) we
can draw from to help in this effort and additional approaches we have been testing to assess their
effectiveness.
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Standard Operating Procedures for use in BRMP
The majority of this report outlines the approach developed for parks with many kilometers of rivers,
CANY and DINO. Big River monitoring by NCPN also is underway in two other park units; BLCA and
CURE. The riverine sections of CURE are somewhat less than 3 km in length. Therefore there is only
one site that incorporates that entire 3 km. There is no need for random selection of sites or rapid
assessment sites because the seven cross sections developed in the wadeable streams protocol (Weissinger
et al., in review) are randomly located and will be sufficient to assess the condition and follow trends at
this park with some modifications. These modifications will be made to the existing wadeable streams
protocol. It is the only big river park that will not be addressed by this report.
There are only 27 kms of river within the BLCA. Due to the extremely steep canyon walls, much of the
river is inaccessible for routine monitoring. There are two sites, East Portal and Red Rocks that can be
accessed in sufficient manner to conduct annual monitoring. In addition NCPN will also likely continue
to participate in, or take over a long-term USGS site at Warner Point (Auble et al. 1994 and subsequent
unpublished data). However, this site requires helicopter access, so will only be surveyed on an
infrequent basis (approximately every five years). The canyon is very narrow with active riparian
features usually being less than 15-20 m in width, and often less than 5 m in width. Peak flows have also
been effectively eliminated by the Aspinall unit reservoirs above the park, so the wide range of flows that
were present historically, are no longer part of the streamflow regime. Therefore it is essential that
routine monitoring use repeated measures along transects where these transects can be relocated precisely
from one year to the next, as some of the changes may be quite subtle and spatially limited. Due to the
difficult access, NCPN is planning to monitor at all three of the feasible locations as long-term monitoring
or sentinel sites, so there is no need for rapid assessments at this park. NCPN surveying methods for
geomorphology at BLCA are very similar to the methods found in Weissinger et al. (in review). Whereas
modifications to these monitoring efforts are minor, they are presented in the SOPs in this report. NCPN
also conducts related monitoring as part of the water quality program (Thoma et al. 2009) at all four big
river parks. Other NCPN protocols that can be used for anecdotal or corollary data include climate, air
quality, and uplands monitoring in surrounding areas. Together, this information will provide additional
data to give a more comprehensive evaluation of riparian ecosystem status and health.
Need for new SOPs
CANY and DINO both have over 160 river kms within the park and contain a wide variety of reaches.
They represent the bulk of the need for new SOPs for NCPN and are the focus of this report. The
wadeable streams protocol is not designed for this large of an extent, the historical cross sections that
have been used in many big-river monitoring projects are too intensive for the NCPN resources available,
while other methods that are actually closer to assessments are not rigorous enough for repeated measures
over time to detect trend. In addition, new vegetation methods were needed at BLCA due to both the
narrow nature of active riparian features and the desire to have somewhat comparable measurements to
CANY and DINO. This report demonstrates a wide range of scales and methods that were attempted in
order to capture both small, local scale effects and large, broad scale effects that exist throughout a river
corridor within a NPS park unit.
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Approach Testing
Given a hypothesis-based focus on channel narrowing, our review of existing protocols, and a need for
new approaches to meet the challenges of monitoring along big rivers, we proposed a BRMP with four
integrated elements. These elements combine remotely sensed and ground-based data and include: A) a
broad-scale, remotely sensed assessment of geomorphic and vegetation change, particularly in relation to
channel narrowing; B) a field-based, rapid assessment of geomorphic and vegetation change on surfaces
representing a range of susceptibility to channel narrowing ; C) a field-based, detailed, and quantitative
assessment of geomorphic and vegetation change at sites predicted to be sensitive to channel narrowing;
and D) the integration of historical monitoring data and research at sites that provide insight into
dynamics of channel change and the factors that drive this change. Below, we describe our efforts to
better define, evaluate, and refine the four proposed elements of our BRMP.
A - Remote Sensing– Change detection, Site Census and Baseline
Remotely sensed data used in our approach testing in DINO came from three sources: 1) Landsat imagery
between 1989 and 2009; 2005 aerial imagery from Google Earth; and 2008 airborne LiDaR for portions
of the Yampa River in DINO collected by Utah State University. Field data consisting of various
geomorphic and vegetation measurements were collected from multiple land-based and raft-based trips to
a variety of sites along the Green and Yampa rivers within DINO between 2009 and 2011.
A great deal can be inferred from aerial photographs and time series of historical aerial photos about
baseline conditions, past responses and even some inferences about mechanisms of change (Williams et
al. 2004). Airborne LiDaR and multispectral data were collected by the Utah State University LASSI
Service Center and the Remote Sensing Services Laboratory for Dinosaur National Monument in 2008,
2010 and 2011 (post flood). The 2010 and 2011 deliverables have not been completed yet, and were not
tested during this project. We hope to experiment with these datasets further in later development of the
BRMP. For this report, the 2008 airborne LiDaR was used successfully as a proof of concept for
hydraulic modeling based on upscaling terrestrial laser scanning (TLS) data for Deerlodge Park by
Manners et al. (Manners et al. accepted subject to revisions).
Vegetation Type / Presence Using Landsat Imagery
We examined the potential usefulness of using publically available Landsat imagery to discern riparian
vegetation and documenting historical vegetation change. The Laboratory for Applications of Remote
Sensing in Ecology located at Oregon State University and the USDA Forest Service’s Pacific Northwest
Research Station analyzed change in Landsat imagery between 1989 and 2009 for Dinosaur National
Monument. LandTrendr processing was used to determine trends in fitted functions for three spectral
indexes for each 30 by 30 m pixel (Kennedy et al. 1010, Cohen et al. 2010). The three spectral indexes
were the Normalized Burn Ratio (NBR), Normalized Difference Vegetation Index (NDVI) and Tasseled
Cap Brightness (TCB). These three indexes are empirically related to vegetation cover and were
evaluated to leverage information content in different spectral spaces. The fitted functions defined the
magnitude of disturbance in units of index value, the start and end year of disturbance and recovery, and
the rate of change. Maps of disturbance intensity, disturbance interval and vegetation change were
created to visually evaluate spatial patterns.
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Observed vegetation change
Along the river corridor effects from natural disturbance are apparent in two notable areas, Echo Park and
Island Park, which exhibit opposite changes in spectral response between 1989 and 2009. At Echo Park a
long-term decline in vegetation cover was apparent in both the NDVI and NBR time-series (Figure 1A).
A decline in vegetation cover at Echo Park was likely caused by termination of alfalfa irrigation in the
late 1960s or early 1970s, which may have resulted in long, slow vegetation decline as deep rooted alfalfa
was slowly replaced by grass. Some minor bank erosion caused loss of cottonwood and box elder stands
downstream from the confluence of the Green and Yampa Rivers. An island in the river at this location
also shows decreased vegetation cover along its upstream edge, which is perhaps due to changes in stream
stage rather than changes in vegetation structure and/or composition. Elsewhere on the island, tamarisk
cover has increased. A notable discrepancy between spectral signal and what was observed on the ground
over time exists immediately upstream of the confluence of the Yampa and Green rivers in Echo Park on
river left. Here, spectral signals indicate a decrease in vegetation cover. However, DINO staff has noted
an increase in tamarisk cover here since 1984. Other areas where change was noted in the river itself may
result from applying the Landtrendr algorithm across water, a use for which it was not intended.
Vegetation cover increased along the river channel near Island Park as evidenced by decreased Tasseled
Cap Brightness, which decreased as vegetation structure, and therefore shadowing, increased over time
(Figure 1B). These areas of vegetation increase correspond with floodplains, active sandbars and
abandoned meander channels, which were left as bare alluvium following the 1984 floods. No active
vegetation management occurred in these locations that could have caused these spectral changes (pers.
com. DINO staff).
Potential for Mapping Change in Tamarisk
Based on consultation with DINO staff involved with mechanical tamarisk removal efforts along the river
corridor of the Green and Yampa Rivers, there is no clear evidence that tamarisk removal was captured in
the change images where known removal activities occurred. This may be because vegetation filled in
gaps where the tamarisk was removed by the next year in the temporal image sequence.
Beetle defoliation may be detectable by LandTrendr, but unfortunately the end of the LandTrendr time
series analysis in this study corresponded with the beginning of substantial defoliation. Tamarisk beetle
releases began in 2006 with localized defoliation by 2007 and increasing defoliation of long river reaches
by the end of 2009 (Williams 2010). The last year in LandTrendr time-series image analysis was 2009,
but LandTrendr cannot detect trends starting in the last year of an image time-series. In subsequent years
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A)

B)

Figure 1. A) Decrease in vegetation cover near Echo Park resulting from management action to provide
visitor access to the river. B) Increase in vegetation cover on abandoned terraces and meanders that did
not result from direct management action.

17

greater defoliation may be more easily detected by LandTrendr as defoliation progresses. However, an
important factor in future LandTrendr analysis is the selection of appropriate anniversary image date,
which should be optimized for detecting beetle defoliation when it is most prominent in late July and midAugust (Williams 2010). Although it is likely LandTrendr can detect defoliation in large tamarisk stands
and may be an appropriate tool for detecting lasting change, the dynamics of defoliation and subsequent
leaf-out within a single year may mean that higher temporal frequency is needed to define dynamics of
within-year changes.
Desk-top Mapping of Geomorphic Units from Aerial Photos
Previous work by Larson (2004) and Manners et al. (2010) revealed that there are specific
hydrogeomorphic environments that are prone to invasion by tamarisk, and that in these settings tamarisk
establishment and survival plays a key role in subsequent fine sediment accumulation and channel
narrowing. These settings typically have reduced water surface slope gradients during high flows, which
tend to result in decreased shear stresses during floods. Such environments include eddy bars above and
below debris fans, mid-channel bars above tight meander loops entrenched in bedrock, and alternate bars
in river reaches with relatively wide channels and low channel gradients. We used this information to
perform a broad-scale assessment of geomorphic features along 55 km of the Yampa River in DINO.
This assessment was performed in Google Earth as a four hour desk-top analysis using aerial imagery
from June, 2005. Geomorphic surfaces were classified as follows: 1) sensitive sites were essentially bare,
active channel surfaces like mid-channel or eddy bars that are considered to be sensitive to future
vegetation encroachment and floodplain construction; 2) insensitive sites were vegetated surfaces such as
box elder terraces and are insensitive to future narrowing since they are vegetated and stable; and 3) very
sensitive sites were partially vegetated, with tamarisk, sand bar willow or other perennial vegetation, and
therefore hypothetically very sensitive to transitioning from active to inactive surfaces (Manners et al.
2010). Finally, we identified insensitive reaches, typically in narrow, bed-rock confined settings, which
had no sizable channel bars.
B - Rapid Assessment Site Monitoring
This component of our BRMP places emphasis on rapidly assessing changes in vegetation and
geomorphology consistent with channel narrowing. Given time and resource constraints on NPS,
extensive river reaches in remote settings, and the need for valid, representative sampling over a
sufficiently broad area, we estimated that assessment of a single site would need to be completed within
45-60 minutes. Thus, we focused our efforts on developing a small number of vegetation and geomorphic
change indicators that could be assessed simply, quickly and accurately across a range of geomorphic
surface types.
The rapid assessment procedures apply to CANY and DINO and consist of a vegetative and a geomorphic
component. During the Yampa River trip in 2011, presence/absence of the indicator species listed below
were recorded for the entire feature, which consisted of active channel bar features, including eddy bars,
mid-channel bars and alternate bars. However, based on nine rapid assessments, close to 100% of the
indicator species were listed for each rapid assessment site. Therefore we modified our vegetation
methods to included systematically placed 1m2 quadrats on a Green River trip later in 2011. In these
systematically located quadrats total vegetation cover was recorded as well as the presence or absence of
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the following indicator species (see §D, Indicators & Guilds, pg. 37) on how these indicator species were
derived):
a) For Active Channel: Apocynum cannabinum, Eleocharis palustris
b) For Active Floodplain: Equisetum hyemale, Salix exigua
c) For Inactive Floodplain: Distichlis spicata
Map-grade GPS surveys of the wetted channel/active channel and the active channel/active flood plain
boundaries also were performed to evaluate the accuracy of such rapid, GPS assisted surveys in the field.
Vegetation Rapid Assessment
We conducted rapid vegetation surveys at active channel locations in 20-30 minutes, and found close to
100% of the active channel plant indicators (Table 1) and members of the active channel guild at each
feature examined. While this verifies that the active channel indicators are functionally correct and
commonly found in the active channel, it provides little information with which to evaluate trends at a site
over time. Thus, it was clear that information beyond the presence or absence of indicator species would
be required to track vegetation trends consistent with channel narrowing over time. Based on results from
a 2011 Yampa trip, we decided it would be desirable to spend more time collecting vegetation data to get
estimates of total vegetation cover and the frequency for all13 indicator species (see section §D, Table 7).
In Fall of 2011, we started with a 1m2 plot to estimate total vegetation cover and a 1 x 3 m plot to record
presence and absence of the indicator species. We collected data from 67 total plots over approximately
two hours. After about 30 minutes it was apparent that these vegetation methods were not rapid enough
to achieve the desired number of vegetation samples during an annual sampling campaign, so we
eliminated the belt transect and just recorded presence and absence of all indicator species and the total
vegetation cover within the 1m2 plots. Results from this modified rapid assessment procedure were very
similar to results obtained from sentinel site quadrats sampled during the same trip (Table 1), despite
being collected in about one fifth of the time. Total percent vegetative cover was estimated to be 14% and
19% from the rapid and sentinel site methods, respectively. In future years we will collect additional
baseline data using by oversampling channel features with randomly quadrats at multiple sites.
Bootstrapping methods and power analyses will then be used to determine the minimum number of rapid
assessment quadrats needed per area of feature to provide an acceptably accurate assessment of indicator
species frequency and total vegetation cover.
Geomorphology Rapid Assessment
Rapid assessment of geomorphic features for evidence of channel narrowing should focus on the size and
elevation of a feature as well as any change in the dominant or modal sediment particle size. For
example, Manners et al. (2010) documented localized channel narrowing as the progressive conversion of
a portion of a mid-channel gravel bar in Laddie Park to active and inactive floodplain surfaces through the
lateral and vertical accretion of fine-grained sediments. Lateral expansion of a channel bar feature might
be captured through repeated mapping of the bars perimeter with a map grade GPS unit, providing there
was a consistent signal and that mapping occurred at comparable river stages. Facies changes on a feature
may also be roughly mapped with a GPS. For example, a sand cap on a gravel bar could be mapped
separately from the larger bar feature. Net change in sediment particle size also could be detected as a
change in the frequency of sample quadrats with a particular modal particle size. Increases in the relative
elevation of a bar feature could be assessed quickly with the use of a laser level and rod, as is being
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Table 1. Comparison of the number of quadrats (n) used to estimate percent frequency of indicator plant
species, based on rapid assessment and sentinel site methods at the Seacliff sentinel site on the Green
River in Whirlpool Canyon, 2011.
Rapid Assessment Method
Sentinel Site Method
Species

n

% Frequency

n

% Frequency

Apocynum cannabinum

49

73

70

71

Eleocharis palustris

49

26

70

31

Salix exigua

49

8

70

0

Equisetum hyemale

49

31

70

46

49

10

70
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Active Channel Indicators

Active Floodplain Indicators

Inactive Floodplain Indicators
Distichlis spicata

developed for sand bars that serve as nesting habitat for terns and plovers on the lower Platte River
(Alexander and Zelt 2011, and see
ftp://ftpext.usgs.gov/pub/cr/ne/lincoln/Alexander/NPS_SANDBARS/SandbarDynamics_PCWE_2011_A
LEXANDER.pdf). Finally, changes in feature topography could be assessed over time by software like
Photosynth, which uses many overlapping ground-based photographs from different perspectives to
produce 3D images.
We experimented with the accuracy of map grade GPS units by mapping the wetted channel/active
channel and the active channel/active flood plain boundaries with both a series of points and using the
polygon/line feature. Both methods were equal in ability to map the geomorphic feature, but we felt that
mapping using the point feature was slightly faster in the field (see Images 1-11 in Appendix A.). At four
sites there was sufficient satellite interference from the canyon walls that the active channel/active
floodplain boundaries had to be delineated by hand (CAN10, CAN11, CAN 13, and CAN 21). This could
prove problematic in subsequent visits and may influence selection of rapid assessment sites for inclusion
in the long-term monitoring panel. We also obtained an estimate of the error in the boundary files by
having two people walk the same boundary at six rapid assessment sites (Table 2).
In October of 2011, we re-surveyed 48 long-term cross sections on the upper Green River, established by
the Geomorphology Lab at Utah State in the 1990s. We did this in an attempt to capture the effects of the
high flows on channel geometry and on the same trip collected data for two sentinel sites (Seacliff and
Nixon-Agnew). At the Seacliff sentinel site, we also collected rapid assessment vegetation data in order
to make direct comparisons between data collected by rapid assessment and sentinel site methodologies at
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the same site. At both sentinel sites we collected photos of the active channel and active floodplain
features and uploaded them to Photosynth. We had planned to collect more data from additional rapid
assessment sites, but due to undesirable weather conditions we had to cut some field days short to ensure
crew safety.
The Photosynth (www.photosynth.net, last accessed 12/19/2011) techniques were completed at the
Seacliff and Nixon-Agnew sentinel sites. The images were used to create Photosynths (3D navigable
scenes, which can be annotated with observations). At a minimum these provide qualitative, but
explorable scenes of every site through time. In practice, it is anticipated that these scenes will be used
with structure through motion photogrammetric techniques (click of a button) to derive point clouds from
each scene, such that point clouds and measurements can be taken.
Close to 200 pictures were taken at each site in an attempt to capture the geomorphic and vegetative
qualities at the site (http://photosynth.net/view.aspx?cid=d862d2f8-2d7c-4074-8577-9d24ca5a90ae and
http://photosynth.net/view.aspx?cid=e358f979-d79b-4b6d-9422-1d24ad8e770b). Photos were then
uploaded to Photosynth. Most of the pictures were accepted by Photosynth. Photosynth and similar
open-source and commercial software suites (e.g., MeshLab and SFMToolkit) uses a form of oblique
photogrammetry from 100’s of overlapping photos that can be acquired from simple hand-held cameras
known as structure from motion to blend photos together into a 3D point cloud. These 3D point clouds are
analogous to what can be captured with ground-based LiDaR. In the past year, investigators from the UK
(pers. com. Brasington) and US (pers. com. Fonstad) have pushed this technology to be able to
georeference the point clouds taken from these photos. In future years, it may be possible to derive
topography reasonably accurately from simply taking 100’s to 1000’s of pictures in a span of 15-30
minutes from numerous perspectives. This can potentially be used both to look at geomorphic response
and vegetation response. Minimum levels of detection are likely not to be as good as more traditional
monitoring at sentinel sites, but it is an area worth exploiting as the methods mature because it is
potentially so inexpensive and rapid.
Table 2. A comparison of the distance error between two observers walking the same lines delineating
the wetted/active channel and the active channel/active floodplain boundaries at five sites. These lines
were defined by two observers walking the same boundaries with hand-held GPS units. The error is
expressed as the average distance separating the two lines, as well as the range of the distance error, in
meters.
Error (in meters)
Site
Avg.
Range
Deerlodge

2.38

0.05 – 4.55

Anderson

1.61

0.02 - 3.90

Ponderosa

0.76

0.02 - 1.42

River Mile 32

0.86

0.09 - 1.86

CAN5

0.83

0.02 - 4.62

Total

1.26

0.02 – 4.62
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C - Sentinel Site Monitoring
We use the term sentinel site to describe a monitoring location that we hypothesize is susceptible to
channel narrowing from which long-term monitoring data would be available. Our sentinel sites are
chosen based on two criteria: 1) they represent sites that are likely to be sensitive or very sensitive to
future channel narrowing processes, based on work of Larson (2004) and Manners et al. (2010); and 2)
they are relatively easily accessible either on foot or by raft. Work at these sites would take three and six
hours depending on the size of the feature(s). Finally, detection of progressive channel narrowing at
sentinel sites would be used to initiate and guide additional actions aimed at assessing how spatially
extensive the detected narrowing process is, either through additional broad-scale rapid assessments,
remotely sensed data acquisition, or both. In 2010, we established sentinel sites at five locations; three on
the Yampa River at Deerlodge Park, Harding Hole, and Laddie Park, and two on the Green River below
the confluence with the Yampa in Whirlpool Canyon; one near Sea Cliff and another near Nixon-Agnew
Rock. Sites will also be selected on the Green River above the confluence in the summer of 2012.
Sentinel sites included active channel bar features as well as any adjacent active floodplain surfaces
(Figure 2). The active bar features at these sites were considered to be sensitive or very sensitive to
narrowing based on the presence or absence of vegetation in the active channel and the work of Larsen
(2004), which characterizes hydrogeomorphic locations prone to invasion by tamarisk and subsequent
narrowing. Our initial objective was to provide a baseline characterization of these sites in terms of

Figure 2. Sentinel site on the Yampa River at Harding Hole. The sentinel site here includes an active
channel feature (eddy bar), a side channel and the adjacent active floodplain. Note that the eddy bar is
partially vegetated and is a mixed deposit of sand, gravel and cobbles. The image is from Google Earth,
taken on 17 June, 2005.
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vegetation and geomorphology, using a mix of traditional and new approaches, including plot sampling
for vegetation and dominant particle size, topographic surveys of bar and flood plain features, facies
mapping and ground-based LiDaR scans of active channel features.
Vegetation Monitoring at Sentinel Sites - Quadrats
In Summer/Fall of 2010 and again in 2011, we used 1 m2 quadrats to characterize vegetation composition,
percent cover and frequency of occurrence on the active channel and floodplain surfaces at each site.
Quadrats were located randomly across surfaces at each sentinel site. We oversampled in an attempt to
provide an accurate baseline for vegetation as well as provide the opportunity to quantitatively assess how
much we could reduce sampling effort without sacrificing estimate accuracy, for both rapid assessments
(see section above) and subsequent sentinel site sampling efforts, using either permanent or randomly
selected quadrats. In 2010 a total of 171 quadrats were sampled, and 17% were empty, compared with
363 quadrats sampled and 26% empty in 2011. Empty plots were not used in the DCA analysis of
indicator plant species, but the presence and frequency of empty plots can be used in the same way as the
presence and frequency of indicator species. The 2010 – 2011 comparisons were interesting in that the
second largest flood of record occurred between the two sampling dates. Results of sentinel site total
plant cover comparisons, based on quadrat sampling, are summarized in Table 3. Although differences
were not significant, total vegetation cover values were lower in 2011 at all sites except one. Differences
were slightly greater on the unregulated Yampa River compared to sites on the partially regulated Green
River.

Table 3. Comparison of total vegetation cover (%) estimated between 2010 and 2011 at four sentinel
sites, and for all four sites combined, in Dinosaur National Monument. Total percent vegetation cover
estimated in 1 m2 quadrats placed randomly across active channel and floodplain surfaces at a site.
All sites

Deerlodge

Harding Hole

(Total cover %)

(Total cover %)

(Total cover %)

Whirlpool
seacliff

Whirlpool
Nixon/Agnew

(Total cover %)

(Total cover %)

Years

2010

2011

2010

2011

2010

2011

2010

2011

2010

2011

Mean

12.6

11.0

5.6

4.3

17.4

13.2

15.3

16.3

8.2

8.0

Std. error

1.2

0.7

1.6

0.8

3.0

1.7

1.7

1.4

0.8

1.1

# plots

172

364

37

95

46

87

71

120

66

65

T value

1.24

0.80

-1.29

-0.42

-0.15

P value

0.21

0.42

0.20

0.67

0.88

Geomorphic Monitoring at Sentinel Sites
With regards to robustly characterizing the geomorphology and its evolution (and potential channel
narrowing response), we will rely on a mix of topographic surveys and facies mapping. The topography
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can be used to directly characterize the morphology, its spatial association with the vegetation, and repeat
surveys can be used for geomorphic change detection (Wheaton et al. 2010).
Topographic surveys
For the purposes of pilot sentinel site surveys in 2011, topographic surveys were performed at each site
and of each surface sampled by quadrats. Surveys were performed with total stations, and more emphasis
in this pilot year was placed on refining the vegetation monitoring. All quadrats were surveyed in
addition to general topography of the surface features as well as water’s edge and obvious high water
marks. The goal is to place all benchmarks and survey points into a real world UTM coordinate system
and use this to track systematic changes in planview size and elevation of the sentinel site active channel
features as part of the monitoring protocol to detect channel narrowing.
We recommend that topographically stratified sampling is used to survey the extent of a sentinel site with
pre-determined site boundary (from aerial photography), instead of just focusing on the quadrats and the
features they occupy. This sampling strategy focuses on capturing more data in areas of topographic
complexity, less in simple areas and using grade-break lines to define major breaks in slopes. This will
enable a robust level of geomorphic change detection using the Geomorphic Change Detection Software
(GCD at; http://gcd.joewheaton.org) including estimation of morphological sediment budgets, and a
mechanistic interpretation of spatial changes in terms of their association with mapped perennial
vegetation and changes in vegetation cover. Long-term monitoring efforts by the Grand Canyon
Monitoring and Research Center (GCMRC) and Northern Arizona University (NAU) in the Grand
Canyon since 1990 (Hazel et al. 2010, Hazel et al. 2006), as well as the new Columbia Habitat
Monitoring Protocol (CHaMP; Bouwes et al. 2011) have both demonstrated that such sampling can be
efficiently conducted over timeframes of 3-8 hours per sentinel site. In the Grand Canyon, where NAU
sand bar surveys take place at units similar in size to sentinel and rapid-assessment size here, easy sites
(those with bare exposed sediments) can be completed in as little as 3 hours and time increases up to
about six hours for more heavily vegetated sites using a three person crew (one gunner and two rodman).
We performed a version of the CHaMPs protocol at the Seacliff and Nixon-Agnew sentinel sites in Fall of
2011, but have not had time to analyze the data.
The key to effective change detection is a stable control network of benchmarks, which can be relocated
every survey and reoccupied. Benchmarks in conjunction with a ground survey control network were
established or occupied (where they existed previously) to ensure all survey data are positioned
appropriately in geographic space. This is important for two reasons: 1) to allow all data sets to overlay
reasonably accurately in a GIS, and 2) to facilitate change detection analyses from monitoring surveys.
All spatial data has been projected into the UTM Zone 12N, NAD 1983 projection to facilitate overlay of
different layers in GIS.
Leica GPS base stations (model GS15) with Pacific Crest radios (for transmitting real-time kinematic
(RTK) differential corrections to the rover) were established over primary benchmarks. UTM coordinates
were used to define the location of the base stations. Leica GPS Rovers (model GS15), operating in RTK
mode, were then used to pull in as many control points as possible. To collect the remaining control
points, in areas without satellite signal, a Leica 1203+ Total Station was used to traverse from known
points (acquired with GPS), to the unknown points. As a cheap alternative to the establishment of real
world control with survey-grade GPS, simple handheld GPS, a total station, and the CHaMP
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Transformation Tool (http://ctt.joewheaton.org) can be used as an alternative at future sites (Wheaton et
al., in review).
Facies mapping
Facies mapping was planned to involve the delineation of depositional units of uniform particle size
across the active channel feature at each of the sentinel sites. For example, mid-channel gravel and/or
cobble bars along the Yampa River, typically have a cap of sand on their downstream end. The lateral
and vertical expansion of a sand cap on the downstream end of the large, mid-channel island in Laddie
Park, was shown to coincide with the establishment and spread of tamarisk, along with progressive
channel narrowing, beginning in the late-1940s and early-1950s. Thus, tracking the size and depth of a
fine-grained deposit like a sand cap over time, through topographic surveying and facies mapping, would
provide early and important evidence of a channel narrowing process. We did not complete facies
mapping at our sentinel sites to date, but such mapping is planned for 2012. Delineation of facies could
be done accurately as part of the topographic surveying or less accurately with a hand-held, mapping
grade GPS unit.
D - Legacy Site Monitoring
We define legacy sites to be those which have been the focus of past monitoring and/or research efforts
(e.g., Deerlodge Park, Echo Park, Laddie Park in DINO). The research and monitoring may be ongoing,
inactive, or intermittent at these sites, but tends to be more intensive and spatially extensive than both the
sentinel and rapid assessment sites (e.g., Laddie Park, may contain several potential rapid assessment
sites). As such, an effort should be made to place rapid assessment and sentinel sites specifically at legacy
monitoring sites and tie into existing control networks and monitoring efforts. Further, past research
results at legacy sites can provide detailed ecological context to co-located monitoring efforts. For
example, Manners et al. (2010) work in Laddie Park, provides a detailed historical reconstruction of the
process by which tamarisk was involved in transforming portions of a mid-channel gravel bar into a
stable, inactive flood plain, and channel narrowing continues at this location today. Such nesting of sites
will provide 1) an independent check of the BRMP data against the sentinel sites, 2) leverage the longer
term record of data, and 3) potentially allow the BRMP to opportunistically integrate with other ongoing
monitoring efforts which are funded with other resources. At the outset of this project, we had not
anticipated doing rapid assessment monitoring and were thinking of sentinel sites and legacy sites to be
one and the same. Upon further experimentation and thinking about the pitfalls of only monitoring at
legacy sites, we decided we needed more sentinel sites then there are existing legacy sites. Moreover,
many of the legacy sites are generally much larger in scale then what we consider to be sentinel sites
(include upwards of 3-8 potential sentinel/rapid assessment sites in a legacy site) and were not necessarily
chosen with channel narrowing in mind (i.e., Yampa River historic cross-sections were chosen in large
part due to the important fish habitat associated with them).
As an example, legacy monitoring campaigns by the USGS, NPS and Utah State University have been
ongoing at Deerlodge Park and Laddie Park on the Yampa River and Whirlpool Canyon on the Green
River and to a lesser extent along the Green and Colorado Rivers in CANY. As part of our experimental
testing of different approaches to monitoring, we explored the feasibility of using terrestrial laser
scanning (TLS; also known as ground-based LiDaR) to conduct topographic surveys for geomorphic
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change detection at sentinel sites (used legacy sites) and for characterizing vegetation and its
hydrogeomorphic feedbacks. We describe the methods employed for each briefly below.
Experimental TLS Topographic Acquisition Techniques
A Leica ScanStation2 TLS was used to acquire topographic data of highly dynamic locations, and the
surrounding area of influence defined by the rough sentinel site boundaries. A TLS was used instead of a
GPS or total station given that the TLS has a point acquisition rate of between 1000 and 50,000 points per
second (a fast surveyor can acquire 1 point every 3-5 seconds with a GPS or Total Station (TS)). Thus,
with the same level of effort, 2-3 orders of magnitude more data can be acquired. The high accuracy and
precision of the point cloud data can facilitate exceptionally low minimum levels of detection in change
detection analyses for bare, unvegetated surfaces. Additionally, riparian vegetation, large woody debris,
debris jams, and beaver dams are extremely difficult to measure and characterize with traditional groundbased survey techniques like GPS and TS and cannot typically be resolved well from remotely sensed
airborne or satellite data. However, these vegetative features can be measured directly from TLS data.
In 2009 the TLS was used to acquire full topographic coverage within Whirlpool and Laddie Park.
However, this method presented many logistical challenges in the acquisition of data as well as post
processing. TLS suffers from the same line-of-sight problems that total station surveys do. Thus, in areas
of thick vegetation it can only capture data for what it can see. ‘Shadows’ or blank areas of data are
frequently encountered due to line of sight limitations. Post-processing of these data sets to obtain bare
earth DEMs was found to be less efficient, for complete coverage of all reaches, than using the RTK GPS
and TS. Another drawback is that the TLS does not penetrate the water surface, particularly sedimentrich rivers, in a predictable manner. The large sand bar and minimum vegetation within the Deerlodge
Park reach allows for clear line of sight which is perfect for data collection with the TLS. The TLS was
used at Deerlodge Park in 2010 and 2011, while bathymetry was collected via total station or GPS. Each
TLS instrument setup was over a known control point as shown in Figure 3 (the same control points
described above and used in the total station survey). Point clouds, were then georeferenced according to
the control network occupied. Point densities over the surveyed regions varied from 0 to 8600 points/m2
with an average point density of 1015 points/m2.
TLS – Reach Scale Legacy Site Change Detection
Table 4 below summarizes data collected via the Terrestrial Laser Scanner and rtkGPS. Roughly 1 billion
TLS points were collected and roughly 20,000 GPS or TS points were surveyed at three sentinel sites.
TLS surveys were conducted selectively in 2010 at Laddie Park and Whirlpool Canyon. In contrast in
2009, we attempted to survey the entire reaches. Deerlodge Park was surveyed with the TLS in 2010 and
2011. Bathymetric data at Deerlodge is complete for 2010 and 2011.

Where overlap existed between these surveys standard geomorphic change detection techniques and
uncertainty analyses were performed using the GCD 5.0 software developed by Wheaton et al. (2010),
ESSA Technologies and the USGS (see http//gcd.joewheaton.org). A spatially-variable uncertainty
analysis of sequential DEMs was used to robustly distinguish real changes from noise (Wheaton et al.
2010). Briefly, this approach employs a spatially-variable, probabilistic, minLoD (minimum Level of
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Figure 3. Illustration of a typical TLS set up in a fluvial environment. A reflectorless total station is used
to tie temporary survey targets into a local control network. An example of the density of scan data is
shown in the raw point cloud in the upper right hand corner.
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Table 4. Number of topographic points collected at Deerlodge Park, Laddie Park and Whirlpool Canyon.
Sentenial
Site

Sample
Date

Sampling
Strategy

Total Number
of Points

TLS Points

TLS Points used
in DEM (after
decimation)

GPS or
TS
Points

Point
Density
in DEM
(pt./m2)

Deerlodge

2009

Entire Reach

390,918,495

390,914,789

2,316,607

3,706

7.15

Deerlodge

2010

Entire Reach

99,359,143

99,344,759

2,077,850

14,384

6.85

Laddie Park

2009

Entire Reach

226,807,527

226,807,527

2,327

Laddie Park

2010

Patch Scans

45,200,704

45,198,579

2,239

Whirlpool

2010

Entire Reach

226,807,527

226,807,527

3,020

0.13

Whirlpool

2011

Patch Scans

67,088,017

67,088,017

1,096

0.31

1,056,181,413

1,056,161,198

4,403,139

TOTALS:

1.00
2,125

0.97

20,215

Detection) approach to account for errors propagated from the individual DEMs into the DEM of
Difference (DoD; Figure 4). This is achieved by first estimating errors in each DEM on a cell-by-cell
basis with a Fuzzy Inference System (FIS) that accounts for the tradeoffs between sampling differences
(point density used as proxy) and topographic complexity (slope used as proxy) while keeping track of
instrument-reported point quality. The FIS estimates a distributed metric of surface reliability expressed
as a vertical elevation error for each DEM. Standard error propagation is then used to propagate errors
from each concurrent 1-m resolution DEM into the DoD calculations. This propagated error term is used
to define the probability that elevation changes measured between two successive DEMs are real by
calculating a T-score to compare the DoD differences against the minLoD defined by the propagated error
(see Brasington et al. 2003, Lane et al. 2003). The DoDs are then thresholded at a 90% confidence
interval, so that only changes we estimate as having 90% or higher probability of being real are included
in the budget.

Patch Scale TLS of Vegetative Roughness – Upscaled using Airborne LiDaR
To test to what extent TLS data would be helpful in capturing the structure of individual stands of
vegetation at the patch scale and its influence on hydraulics and geomorphic processes; we conducted
patch scans of a dozen patches at Laddie Park and Whirlpool Canyon in 2009. The complete methods are
reported in Manners et al. (accepted subject to revisions), and briefly summarized here. We positioned a
Leica Scan Station 2 upstream from each of 12 patches to acquire a high resolution (0.005-m point
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Figure 4. Illustration of the concept of DEM differencing for geomorphic change detection.

spacing) point cloud (Figure 5). Data were acquired in July 2010 during base flows when the patches
were not inundated. Patches were identified in the field as areas of similarly aged trees with similar stand
structure (i.e., height, dominant stem size). The floodplain topography of each patch was relatively flat.
Tree ages within a given patch ranged between 10 and 60 years. The substrate in these patches was either
fine-grained alluvium or gravel. Individual plants in some patches had been buried after germination by as
much as 3.5 m of fine sediment. The size of the patches varied between 101 and 102 m2; patches with
denser vegetation were of smaller size. In the field, the scanner was positioned to collect data in the
predominant direction of flow. We occupied a combination of existing and established control points
throughout the two field sites in order to register the scans to each other and convert scan data to UTM
coordinates. Each scanner setup lasted between 1 to 4 hours and acquired a total of 105 to 107 points per
patch.
We calculated the stand structure, including the vegetation density and projected area of the vertical
profile of the patch from the ground surface to the maximum height, using the method of Straatsma et
al.(2008). This methodology is appropriate for tamarisk and other shrubby riparian species with
complicated branching patterns (Figure 5). After manually removing ground points, we segmented the
point clouds into 0.020-m vertical slices in Leica’s Cyclone software. We created a polar grid centered on
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the scanner position. Both projected area and cumulative projected area curves were obtained by this
method and used to evaluate the structure of tamarisk stands (Figure 5).

Figure 5. Example of point cloud of vegetation patch collected with TLS data, and illustration of how
projected area was derived for each cell in a polar grid of 20-cm slices taken through the point cloud.

After the projected area was calculated, we ran a 2D hydraulic model at different stages over the patch to
attribute the stand structure to the patch’s hydraulic roughness. We created two dimensional hydraulic
patch models of flow in each patch to link stand structure to the patch’s hydraulic roughness. Total patch
roughness was partitioned into roughness provided by the bed and roughness provided by the vegetation.
Quantifying the momentum extracted through this control volume provided the bulk stream-wise drag
force on the stems. From this, stage dependent and vegetation specific roughness curves could be derived
and used to parameterize a broader reach-scale 2D hydraulic model of all of Laddie Park. The key to
upscaling this patch-specific information was establishing a relationship and transfer function between the
TLS data and the airborne LiDaR data. Once this was accomplished, different patch types mapped using
high resolution multi-spectral imagery were used to apply the roughness curves spatially. Although this
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level of analysis far exceeds what is likely to be undertaken as part of the implementation of the BRMP, it
is a nice illustration of how using data from legacy sites can be used to map, for example, roughness
patterns across the entire river corridor and provide even better context for the BRMP data.

§D Results of Approach Testing & Recommendations
Remote Sensing & Desktop Analysis – Site Census
We explored the practicality of creating a complete census of potentially sensitive sites of channel
narrowing for entire river corridors of NPS park units by using existing remotely sensed data available for
Dinosaur National Monument. These sites are defined and categorized both in terms of their vegetation
and geomorphic character. Below the vegetative basis for site identification is discussed, and then an
example of the geomorphic basis is illustrated. This preliminary inventory for Dinosaur National
Monument (one of the park units with a relatively long length of river corridor), demonstrated that a
desktop analysis is very feasible (in a matter of days). Equally important, this can be easily ground truthed
in the future with a rapid assessment (discussed later).
Vegetation Mapping of Tamarisk Cohorts
Based on limited photographic comparisons, the general nature of the active channel along the Yampa
River has not changed significantly during the period of photographic record (~140 yrs) except for the
pervasive establishment and persistence of tamarisk; particularly in wider channel, lower gradient canyon
settings like Mather’s Hole and Laddie Park (Fischer et al. 1983). In these and other settings along the
Yampa in DINO, tamarisk has facilitated localized channel narrowing by promoting the construction of
active and inactive floodplain surfaces through a combination of lateral and vertical accretion (Manners et
al. 2010). The large-scale distribution of tamarisk along the Yampa in DINO is related to the availability
of fine-grained sediments (Larson 2004). Physical locations where flow-related shear stresses remain low
at high river discharges are prone to tamarisk invasion and subsequent localized fine sediment
accumulation, floodplain building and loss of active channel area through narrowing.
Thus, there are certain hydrogeomorphic environments that are more prone to floodplain building and
channel narrowing than others. Such settings along the Yampa River in DINO include: eddy bars above
and below debris fans in steeper, narrow canyon settings (above River Mile (RM) 21) along with midchannel, alternate and eddy bars in reaches where the channel is wider, the gradient flatter and storage of
fine-grained sediments more extensive (below RM 21) (Manners et al. 2010). Air photo analyses
(Manners et al. 2010), indicate there has been progressive channel narrowing at Laddie Park and Harding
Hole along the Yampa River since 1938 (earliest air photos) but it has not been uniform. A 2 km reach in
Laddie Park narrowed 8.3% from 1961 to 2010. In contrast, average channel widths in the Harding Hole
reach decreased by 3% over the same period. The establishment and spread of tamarisk was intimately
related to narrowing in these locations. Using stratigraphic and dendrogeomorphic analyses to
reconstruct the history of channel change in Laddie Park, Manners et al. (2010) found that tamarisk
established on the downstream end of a large, mid-channel bar during a period (1949-1951) when peak
flows did not exceed the 2 year average return flood. By 1952, a year with a significant flood peak, the
established tamarisk survived the inundation and shear forces associated with this flood and burial by
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vertically accreted fine sediment. Over the next five decades, tamarisk recruitment, primarily during
drought periods, was related to lateral and vertical accretion of sediments during subsequent, large floods.
The 1984 flood of record deposited a large package of sediment on the Laddie Park Island, creating an
inactive floodplain surface. Drought conditions between 1989 and 1992 produced another cohort of
tamarisk and initiated another phase of narrowing. Establishment of this drought cohort was followed by
significant inset bar formation and channel narrowing following a series of floods in the mid-1990s.
In Fall of 2011, the NPS obtained aerial LiDaR and multi-spectral imagery for the entire Yampa River
and Whirlpool canyon. Following field verification, this multi-spectral imagery could be used to provide
a large-scale, baseline mapping of tamarisk on the Yampa and Green rivers in DINO. Such a cohort map
would be valuable since channel locations with stands of tamarisk have been shown to be areas that
initially were sensitive to narrowing following tamarisk establishment, as well as areas that are actively
narrowing or sensitive to future narrowing. Such locations would be important sites at which to focus
forward-looking monitoring efforts.
Geomorphically Sensitive Site Identification
Both within Canyon-bound reaches and park reaches, active and recent alluvial deposits were readily
identifiable from existing freely available aerial imagery (e.g., NAIP, Google). We inventoried a 55 km
stretch of the Yampa River from Deerlodge Park to just downstream of Mather’s Hole (Figure 6), as
described in section §C (Approach testing) to find 113 sites (roughly 2 per km). The distribution of
geomorphic features types between sensitive sites (e.g., bare active bars), insensitive sites (already
vegetated alluvial surfaces), and very sensitive sites (partially vegetated) varied strongly according to
broader geologic controls and the planform of the canyon. For example, in the upper section of the river
where the canyon walls are flanked by the Morgan formation, we see longer straight reaches hypothesized
to be insensitive, and a lower concentration of very sensitive sites. By contrast, in the lower sections
dominated by the Weber Sandstone, there we start to see both a greater density of sites and a higher
percentage of very sensitive sites. Sensitive sites throughout the 55 km outnumbered both very sensitive
and insensitive sites combined at 64% with roughly one sensitive site every 0.76 km. The insensitive
(already vegetated) sites on the Yampa were much lower (n=13), occurring roughly every 5 km. This
lower density of insensitive sites on the unregulated Yampa River might be expected to contrast with the
regulated Green River.
The classification itself is a preliminary hypothesis, and can be refined through rapid assessment
inventories as well as more detailed monitoring data. At face value, it does provide a reasonable basis for
stratifying sampling effort and ground truthing in the future can seek to 1) confirm existence of sites, 2)
confirm or revise their classification, 3) identify any sites missed in the inventory. We recommend that
the desktop exercise be extended by overlaying with the higher resolution multi-spectral imagery (e.g.,
which includes NDVI) and LiDaR analysis of vegetation heights to see if the classification of sensitive,
very sensitive and insensitive sites is supported by the high resolution data. We also recommend that the
desktop exercise of identifying sensitive sites be extended to all the potential BRMP river corridors. This
would help identify the overall population of candidate sites for rapid assessment and sentinel site
monitoring.
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Figure 6. Example of river system wide census/inventory of hypothesized sensitive sites (i.e. alluvial
deposits/bars) derived from freely available aerial imagery. This example was derived for a 55 km stretch
of the Yampa River within Dinosaur National Monument (B), and revealed 113 sites. The inset maps (C
& D) show more detailed examples of the river and channel features. Flow on the Yampa is from east to
west.
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Rapid Assessment Site Monitoring
Vegetation Rapid Assessment
Indicators & Guilds
Vegetation cover by species was sampled in 1,110 - 1 x 1 m2 plots across the Yampa River bottomland
throughout DINO in 2009, 2010 and 2011. Plots were stratified by bottomland geomorphic surface and
located randomly across the active channel (C), active floodplain (AF) and inactive floodplain (IF). A
smaller number of upland plots (U) adjacent to the bottomland also were included for comparison. We
used the program PC-ORD version 6 (McCune and Mefford 2011) to examine all plots with at least one
species occurrence to eliminate empty plots. The removal of species present in fewer than 5% of the total
number of plots was required to generate statistically valid comparisons. Together, this reduced the total
number of plots examined to 804 (C=313, AF=403, IF=67 and U= 21) and the total number of species
from 173 to 20.
We first used Detrended Correspondence Analysis (DCA) to explore relationships between species
composition patterns and any underlying environmental gradients which might influence these patterns.
DCA is an eigenvector ordination technique based on Reciprocal Averaging, and is commonly used for
the analysis of community data along gradients. Ordination can reveal structure in large, complex data
sets by identifying similarity between species and samples, projecting results in two dimensions such that
species and samples that are most similar will appear close together and those most dissimilar will appear
far apart in ordination space. Results of the DCA ordination on our data demonstrate a clear gradient
along the first DCA axis, separating active channel and active floodplain plots at one end of the gradient
from inactive floodplain and upland plots at the other end (Figure 7). These results are consistent with
other studies, which have demonstrated similar gradients in this and other riparian settings in the Upper
Colorado River basin (Auble et al. 1997, Merritt and Cooper 2000), suggesting that the elevation of
different fluvial geomorphic surfaces, and related gradients of inundation duration and physical
disturbance (flow-related shear-stresses), produce a strong influence on the structure and composition of
riparian vegetation along the Yampa River.
Based on the ordination results, we used a multiple response permutation procedure (MRPP) to examine
differences in species composition and cover for each of the four geomorphic surfaces sampled and an
indicator species analysis (ISA) as a test of non-random species distributions across surfaces. The MRPP
analysis indicated that species composition and cover was highly significantly different across all
geomorphic surface types examined (Table 5). The ISA identified a total of ten indicator species for the
four geomorphic surface types. There were at least two statistically significant indicator species for each
surface (Table 6).
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Figure 7. Detrended Correspondence Analysis (DCA) ordination of species and samples from 804 plots
along the Yampa River in Dinosaur National Monument. Ordination shows a clear environmental
gradient (arrow), structuring plant species composition on four geomorphic surfaces: active channel (C),
active floodplain (AF), inactive floodplain (IF) and upland (U). Indicator species for each surface type
appear in ellipses that match surface color code. Refer to Table 4 for an explanation of the six letter
species codes.
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Table 5. Summary of multiple response permutation procedure (MRPP) results, comparing species
composition and cover across four geomorphic surface types. Results show highly significant differences
in vegetation composition and cover among all surface types.
Surface comparison
Active channel vs. Active floodplain
Active floodplain vs. Inactive floodplain
Active floodplain vs. Upland
Active channel vs. Inactive floodplain
Active channel vs. Upland
Inactive floodplain vs. Upland

Test statistic (T)
-38.42275960
-25.97244840
-22.72944186
-43.80496516
-25.69702458
-7.09783289

P value
<0.00000000
<0.00000000
<0.00000000
<0.00000000
<0.00000000
0.000013

Table 6. Results of an indicator species analysis listing the indicator species, its significance level and the
geomorphic surface type it is associated with. The six letter species code matches those used in Figure 1.
Indicator species
Apocynum cannabinum
Eleocharis palustrus
Equisetum hyemale
Salix exigua
Pascopyrum smithii
Conyza canadensis
Distichlis spicata
Tamarix ramosissima
Bromus tectorum
Sporobolus cryptandrus

Species code
Apocan
Elepal
Equhye
Salexi
Passmi
Concan
Disspi
Tamram
Brotec
Spocry

Surface type
Active channel
Active channel
Active floodplain
Active floodplain
Inactive floodplain
Inactive floodplain
Inactive floodplain
Inactive floodplain
Upland
Upland

P value
0.001
0.01
0.04
0.04
0.0002
0.001
0.002
0.03
0.0002
0.0002

The Active Channel Guild and Channel Indicators
The active channel of the Yampa has a significantly (p = 0.002) lower total vegetation cover (12%),
compared with active and inactive floodplain surfaces and the adjacent upland (21%). The significant
reductions in vegetation cover observed within the active channel of the Yampa River are directly
attributable to the current streamflow regime. Two components of streamflow influence the distribution
and abundance of vegetation within the active channel: inundation and scouring. These physical factors
prevent most plants from establishing in the active channel, but Fischer et al. (1983) noted a group of
plants, growing in what they call the floodzone (referred to as active channel elsewhere in this report),
that were resistant to scouring and tolerant of inundation, including Equsitum hyemale, E. laveigatum,
Carex aquatilis [sic] (likely emoryi), Eleocharis sp. (likely palustrus), Glycyrrhiza lepidota, Apocynum
cannabinum, Asclepias sp. (likely speciosa), Polygonum amphibium, Iva axillaris and Franseria discolor
[sic] (now Ambrosia tomentosa). This group or guild of species (sensu Merritt et al. 2011) is comprised
of dominantly perennials, capable of vegetative reproduction, with annual aboveground tissues that arise
from perennial belowground roots or rhizomes. Two of these species were significant indicator species
for active channel in our analysis (Table 6). We collected data on all of these species. Ambrosia
tomentosa, Asclepias speciosa, Polygonum amphibium and Iva axillaris had low occurrence frequencies
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(<5%) in our plots, whereas the remaining species had higher frequencies (>7%), including Spartina
pectinata. There are two important reasons why more of these species were not significant indicators: 1)
these species are naturally too sparse in the active channel for the analyses to identify as indicators , and
2) many of these species also are associated with small, discontinuous patches of active floodplain, which
Fischer et al. (1983) included in their definition of the floodzone. Thus, Equsitum hyemale was actually
an active floodplain indicator in our analysis (Table 6). Fischer et al. (1983) note that Equsitum sp.
(presumably hyemale and laveigatum) and Glycyrrhiza lepidota have successfully invaded formerly
active channel deposits in the post-dam period along the Green River in Lodore Canyon, DINO.
Tamarisk, Willow and Floodplain Construction
Tamarisk (Tamarix ramosissima) and sandbar willow (Salix exigua) possess woody aboveground stems
that are able to re-sprout from the root crown or rhizomes when their stems are damaged or broken. They
are both tolerant of prolonged inundation and burial by flood-deposited sediment. Like the active channel
guild, they are able to persist in some active channel locations, but in contrast, their persistent
aboveground structure creates roughness, alters flow fields and effectively traps fine-grained sediment
(Manners et al. accepted subject to revisions). Thus, both species are significantly associated with
floodplain construction even though they occur in some active channel locations; sandbar willow is an
active floodplain indicator and tamarisk is an inactive floodplain indicator (Table 6).
The Logic of Using Plant Species as Indicators of Channel Narrowing
Because some species occur naturally but with limited frequency in the active channel and others are
associated with more than one geomorphic surface, using plant species as indicators of narrowing requires
some interpretation. All of the indicator species listed in Table 6 have significant though not necessarily
exclusive fidelity to specific surface types; thus, their presence alone is strongly suggestive of the
prevailing physical conditions where they are found. The specific logic flow underlying the use of plants
as indicators of channel narrowing is this: 1) because of reduced streamflows the combination of
inundation and shear-stresses that kept the active channel largely free of perennial vegetation are
diminished; thus, 2) portions of the formerly active channel become colonized by perennial vegetation
and the effective area of active channel is reduced; 3) plants colonizing topographically low channel
features trap flood-deposited sediments and thus actively build floodplain surfaces, whereas; 4) plants that
colonize and stabilize topographically high channel deposits play a more passive role in converting
channel to floodplain (Manners et al. 2010). Occasional large floods may reset or widen the active
channel (Dean and Schmidt 2011) but a progressive, long-term loss of active channel area by vegetation
encroachment and floodplain construction or conversion characterizes channel narrowing (Schumm and
Lichty 1963, Grams and Schmidt 2002, Friedman et al. 1996, 1998). Certain hydrogeomorphic settings
are more sensitive to narrowing and certain plants, like tamarisk, are more effective at trapping sediment
and converting active channel to floodplain (Graf 1978, Larson 2004, Birken and Cooper 2006, Manners
et al. 2010).
Specific, plant-based indicators of channel narrowing thus include: 1) the progressive loss of active
channel indicator species (Table 6), 2) the persistent presence of active and inactive floodplain indicator
species (Table 6) in active channel locations; 3) increases in the frequency and cover of the active channel
guild of species in the active channel, above baseline values; 4) increases in the frequency and cover of
sandbar willow and tamarisk in the active channel, above baseline values. A complete summary of the
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use of riparian vegetation as indicators of narrowing, with reference to species and baseline cover and
frequency values, is presented in Table 7.

Table 7. A listing of the conditions under which the average percent total cover and cumulative
frequency percentage of specific plant species can be used to detect channel narrowing at a site. The list
includes plant species that are statistically significant indicators of active channel, active floodplain and
inactive floodplain geomorphic surfaces. The list also includes important but non-significant species
indicators which may be present but have generally lower frequency and cover values.

Active channel
indicators of
channel narrowing

Persistent increases
over the baseline
frequency and %
cover of the Active
channel species
guild

Persistent increases
over the baseline
frequency and %
cover for the Active
and Inactive
floodplain species
guild
Increases in the
baseline frequency
and % cover of
sandbar willow and
tamarisk

Significant
indicator
(Y/N)

Apocynum cannabinum
Ambrosia tomentosa
Asclepias speciosa
Carex emoryi
Eleocharis palustrus
Equisetum hyemale
Glycyrrhiza lepidota
Iva axillaris
Polygonum amphibium
Spartina pectinata
Conyza canadensis
Distichlis spicata
Elymus repens
Equisetum hyemale
Euthamia occidentalis
Plantago major

Y
N
N
N
Y
N
N
N
N
N
Y
Y
N
Y
N
N

Active
Channel
Baseline:
average %
total
cover
1.3
0.1
0.01
0.8
0.6
0.3
1.0
0.2
0.02
0.8
0.01
0.1
0.0
0.3
0.01
0.01

Tamarix ramosissima
(seedlings/adults)
Salix exigua
(seedlings/adults)

Y

2.3

33

Y

0.4

15

Species
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Active
Channel
Baseline:
cumulative
frequency
percentage
23
8
1
6
15
11
10
6
2
8
0.8
5
0
11
0.3
2

Geomorphology Rapid Assessment

Only a portion of the geomorphic component of the rapid assessment was tested in the field during the
period of this project. The rapid assessment vegetative techniques were more critical to develop and
verify that indicator species could be readily identified. Geomorphic rapid assessment could take several
forms. It would be possible to rapidly acquire geotagged photographs of nearly every potentially sensitive
site identified in the desktop assessment. This could potentially be done on raft trips without even ‘tying
off the boats’ and done on the order of 1-2 minutes per site. These photos could be used to construct a
time-series of photo mosaics and serve as an archive of ‘unsampled’ sites. At selected rapid-assessment
sites where vegetation monitoring takes place, the geomorphic monitoring should be designed to be
accomplished in a time frame less than or equal to the rapid vegetation monitoring. Reasonable things to
accomplish in that ½ to 1 hour time frame might include some combination of 1) a more detailed
Photosynth to look at structure from motion (SfM) point clouds of the site (partially tested), 2)
reoccupation with a level of a benchmark and quick-survey of elevations of patches to look for signs of
aggradation/degradation (Alexander and Zelt 2011) (not tested), 3) map-grade GPS mapping of
geomorphic surfaces, facies, vegetation with tablets (e.g., I-Pads) (tested), 4) geomorphic/map field
sketch on top of existing imagery (not tested). We recommend experimentation with the feasibility of
these and other rapid assessment techniques, as well as feasibility of the analysis and comparison of the
quality of the data yielded from sites with sentinel and legacy site monitoring data.

Sentinel Site Monitoring
Vegetation Monitoring at Sentinel Sites – Quadrats

Based on the feasibility of monitoring quadrats tested at rapid assessment and sentinel sites, it would be
feasible to do quadrat-based sampling at sentinel sites stratified across the different geomorphic surfaces.
The first step would be to map these surfaces and then sample a representative number of quadrats,
proportional to the area of each surface, while concurrently doing the geomorphic monitoring.
Geomorphic Monitoring at Sentinel Sites
The topographic surveys at the sentinel sites were based on one trip in 2011 have not yet been analyzed.
However, the field survey demonstrated that it was feasible to complete the surveys in the half-day to fullday time frame allotted for sentinel sites. Moreover, the morphologically stratified topographic surveys
with total stations are a well-established method, which has been used successfully in both CHaMP
(Bouwes et al. 2010) and NAU Sandbar Surveys (Hazel et al. 2006 & 2010). Experience surveying in
both of these protocols shows that the areas we hypothesize to be sensitive (bare and/or vegetating) are
the easiest surfaces to survey rapidly, whereas the surfaces that are thickly vegetated take exponentially
more time to survey. We recommend that tractable boundaries for sentinel sites are established for the
selected sentinel sites based on the most recently available aerial imagery, and these can be refined upon
initial establishment of the site. They should be designed to capture the essence (if not the entirety) of
what is going on at each site. The topographic surveys should be able to easily survey-in the exposed
surfaces. Sites that do experience transitions – both from bare surfaces to vegetated and vegetated to bare
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– may warrant adjusting these boundaries through time and the feasibility of surveying the original
sentinel site boundary changes. Although it is important to monitor and capture the transition of surfaces,
once they reach the point of being well-established riparian vegetation, the effort to continue monitoring
topography in these areas is not necessary. Finally, we recommend making topographic survey data
CHaMP-compliant for ease of automated post processing and analysis and change detection.
Using Monitoring Data for Change Detection
Although change detection monitoring was undertaken at legacy sites during this project, we recommend
that for the BRMP implementation, the spatial extent and scope of this monitoring be scaled back to one
or more sentinel sites within each of these larger legacy sites. The repeat surveys we completed at legacy
sites in 2009 and 2010 at Whirlpool Canyon and Laddie Park, and the repeat surveys at Deerlodge Park in
2010 and 2011 all involved significant time investments. Deerlodge Park took about eight days for a twoperson crew, Laddie Park took about three days, and Whirlpool about two days. However, each site
contains multiple potentially sensitive sites (units), which could all be captured in rapid assessment
surveys and at least one or more at each site could be potential sentinel sites (easily surveyed within three
to six hours each).Total station surveys would be more than adequate to support change detection
analyses. As an illustration, we decimated our TLS data at Laddie Park and Whirlpool Canyon down to a
resolution similar to that which we would acquire with a total station to illustrate what change detection
analysis might look like at some of these sites.
The confluence of an active side channel with the main channel at the downstream (northerly) end of the
Laddie Park Sentinel Site serves as a nice illustration of the sort of change detection that should be
possible at all sentinel sties from repeat topographic surveys (Figure 8). In this example, we
opportunistically use contextual data acquired during patch scans in 2010 (see work by Manners et al.
accepted subject to revisions) and our site-wide surveys in 2009. Over a roughly 1,700 m2 area, and after
thresholding the DEM of difference to remove changes with less than a 90% probability of being real, we
estimated roughly 16 m3 of erosion and 157 m3 of deposition. Thus, a net change of 141 m3 of deposition
(or roughly an average of 8 cm of deposition) occurred in a relatively modest flow year (2009 to 2010).
The elevation change distribution in the upper left of Figure 8 shows that deposition values ranged up to
60 cm, but most of the net deposition was in the 20-30 cm range. A simple analysis like this can be used
to show whether or not sites are aggrading, degrading, remaining static or maintaining an equilibrium
sediment budget through turnover and rearrangement of the morphology. More interestingly, this can be
linked directly to the vegetation response and used to show whether the erosion and deposition patterns
are contributing to channel narrowing or widening.
Two eddy bars on opposite sides of the channel in Whirlpool Canyon show a similar example over the
same period of the sort of change detection analysis that will be possible at sentinel sites given the
topographic survey techniques recommended (Figure 9). Collectively, the preliminary analysis shows
223 m3 of deposition and 190 m3 of erosion, with deposition subtly outpacing erosion. This is a good
example of where spatial budget segregation helps, because if the analysis extent is focused in to just the
area of the sentinel sites, they will both show dominantly depositional signals. Interestingly, the potential
sentinel site on river right shows a predominance of deposition in the eddy bar with a small concentration
of scour in the return channel. By contrast, the eddy bar on river left shows that the main part of the eddy
bar grew and aggraded, but the perimeter of the bar was likely sculpted and eroded by lower stage
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erosion. The contrast in response between these two bars is easily explained by the difference in hydraulic
controls for each eddy bar. These very preliminary simple analyses are illustrative of the sort of
geomorphic interpretations and inferences that we recommend are regularly made at all sentinel sites.

Figure 8. DEM Difference of portion of side channel confluence at downstream end of Laddie Park.
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Figure 9. DEM Difference of portion of two eddy bars at Whirlpool Canyon. Flow is from upper right to
lower left.
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Legacy Site Monitoring
Experimental TLS Topographic Acquisition Techniques
Raw TLS data such as that shown in Figure 10 differs from other raw topographic data in that it is so
dense that when visualized it looks like a modeled surface of a 3D photo-realistic scene. The features we
are interested in monitoring are resolved in exquisite detail. However compelling the pictures are, doing
quantitative analyses of such TLS data presents a major challenge in that the data is every-bit as
complicated as the real world. For many geomorphic applications, we are interested in modeling bareearth surfaces. Although decent algorithms exist for filtering out vegetation points from bare earth points
for airborne LiDaR, these tend not to perform as well for TLS data due to the low oblique angle
perspectives of TLS and the fact that vegetation is more likely to block ground shots when the perspective
is from the ground. Moreover, cloud-to-cloud change detection is in its infancy and to build raster DEMs
from which we can do change detection requires decimation of the TLS data down to a data density we
can work with (e.g., 10 cm to 3 m). We used PCTools to decimate our scan data to different densities
(e.g., Figure 11). Since TLS is incapable of getting reliable bathymetry, we sometimes augment the TLS
surveys with ground-based total station or GPS surveys in the channel as shown in Figure 11. Figure 12
shows an example from Laddie Park in 2010 where these two datasets were merged to produce a hybrid
DEM of the site. By contrast, Figure 13 shows an entirely TLS derived DEM from 2009 and shows no inchannel bathymetry. Another example of a hybrid of TLS and GPS data is shown for Deerlodge Park in
Figure 14 from the September 2011 field campaign. An example of the bare earth DEM, which is used for
change detection, which can be derived from such data, is illustrated in Figure 15. Figure 16 highlights
how even when the data is decimated by over an order of magnitude (down to a 10 cm grid), the DEMs
still resolve details like a small cart’s wheel tracks in the sand. Finally, within most point cloud software,
it is possible to segment discrete objects and make direct measurements. For example vegetation heights,
diameters, etc. can be readily identified. In Figure 17, we illustrate the same large wood debris (whole
tree), which was present in both the 2010 and 2011 surveys. The major floods of 2011 only managed to
transport the tree 40 meters downstream and rotate it.
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Figure 10. Examples of raw TLS data at different scales in Dinosaur National Monument. A & F show
discrete sand bars (potential sensitive sites) at Whirlpool Canyon and Laddie Park respectively. B shows
the broad canyon context of a portion of scan data from Laddie Park highlighting also the lack of returns
in the wetted channel area. C & D show examples of vegetation structure captured with TLS data. E
shows a bedrock portion of the canyon wall and resolves individual cliff swallow nests.
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Figure 11. Laddie Park showing raw total station bathymetric data (magenta) combined with decimated
TLS data (yellow). The data is combined to build a DEM of both in-channel and overbank topography
(see Figure 12).
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Figure 12. A DEM at Laddie Park from 2010 derived from a hybrid of total station and TLS data sets
(see Figure 11).
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Figure 13. A DEM from 2009 at Laddie Park derived exclusively from decimated TLS data.
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Figure 14. Deerlodge Park DEM, break lines and topographic data points collected via RTK GPS during
the September 2011 field campaign.
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Figure 15. Example of hybrid bare earth DEM for Deerlodge from 2010 derived from TLS of dry areas
and rtkGPS data for in-channel bathymetry. The DEM is modeled at 10 cm resolution and TLS data was
decimated down to a 10 cm grid.
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Figure 16. Digital elevation model from Terrestrial Laser Scanner data at Deerlodge. Note details:
waveforms in sandbar, footprints and double-track from cart used to transport scanner and equipment.
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FLOW

Figure 17. Terrestrial Laser Scan data of a tree at Deerlodge which between 2010 and 2011 moved about
40 meters and changed rotation due to water flows.

TLS – Reach Scale Legacy Site Change Detection
As a demonstration of what is possible at a large legacy site scale with TLS data, we calculated the net
volumetric morphological sediment budget (i.e., change in storage) at Deerlodge Park from the 2011
floods by differencing the 2010 and 2011 surveys. We applied the geomorphic change detection software
and thresholded the results probabilistically to remove changes with less than a 90% probability of being
real. The results highlight that in terms of surface area, deposition outpaced erosion by roughly 18%, but
that in volumetric terms deposition outpaced erosion by nearly 26% (26,947m3) between 2010 and 2011.
There is a coherent and significant reorganization of the active braid bars in the channel resulting from the
historical high flow events of 2011 (Figure 18). Some coherent slivers of bank erosion and channel
widening are apparent, some new low-flow channels were carved and shifted from river right to river left,
several new major central bars formed, a few bars were majorly dissected, and many bars were heavily
sculpted. Given the proximity of Deerlodge Park to the Little Snake River confluence (< 2 km upstream;
and the most important sediment supply to the Yampa Canyon) and its persistent park setting as the last
major storage zone of sediment before entry into the Yampa Canyon; it is not surprising to see a major
depositional response post-flood.
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Figure 18. An example, from the Deerlodge Park reach, of a DoD showing areas of deposition (in blue)
and erosion (in red). The volumetric elevation change distribution shows the relative magnitudes of
erosion and deposition that comprise the sediment budget. In this example, deposition is slightly
outpacing erosion. The grey distribution in the background depicts the un-thresholded budget, before
uncertainty analysis. These are changes that cannot be reliably distinguished from noise.
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Patch Scale TLS of Vegetative Roughness – Upscaled using Airborne LiDaR

As part of this project, the patch-scale TLS scans of tamarisk dominated stands were used to address
outstanding questions related to the role of vegetation in inducing or exacerbating channel narrowing
processes. The results are reported thoroughly in Manners et al. (accepted subject to revisions), and
briefly summarized here. We developed a multi-scalar model that characterizes reach-scale patterns of
hydraulic roughness caused by stands of shrubby riparian vegetation. Hydraulic roughness patterns were
derived from patch-scale measurements made with detailed terrestrial laser scan (TLS) data that were
scaled and extrapolated to the reach based on airborne LiDaR (ALS). Two-dimensional, patch-scale,
hydraulic models were used to parameterize the stage-dependence of hydraulic roughness of typical
vegetation patch types (i.e., sparse, moderate, and dense patches). The remotely sensed multi-spectral
imagery and airborne LiDaR data collected for the entire Yampa corridor in Dinosaur National
Monument was used in Laddie Park and Whilpool to classify areas of bare sediment exerting no
vegetative roughness, areas of sparse vegetation, moderate density vegetation and dense vegetation
(Figure 19). The TLS scans were also segregated into these four patch types and were linked with a
simple transfer function that highlighted a common signal in both TLS and ALS data.
In Manners et al. (accepted subject to revisions), we illustrate the value of using the ALS up-scaled
stage-dependent vegetation roughness derived from TLS by applying the model results to a 2D hydraulic
model of flow in the Laddie Park legacy monitoring site. The top of Figure 19 shows how our stagedependent roughness estimates lead to a much more realistic and heterogeneous spatial pattern of
roughness at two different flood flows. The bottom of Figure 20 shows the influence of this on hydraulic
model outputs (in this case patterns of shear stress), which will result in very different geomorphic
responses. Results from this work demonstrate that the roughness of forested floodplains increases with
flow depth and is dependent on patch-scale stem organization. Geomorphically-relevant patterns (i.e.,
areas of low or high shear stress that are likely to scour or fill during high flows) become apparent with
the detail introduced by spatially-explicit, depth-dependent roughness. Ultimately, detection of these
patterns at the scale investigated in Manners et al (accepted subject to revisions) provides a first step in
understanding the role of vegetation on both inducing and exacerbating channel changes, including
channel narrowing.
In the context of the BRMP, the real value of combining BRMP monitoring efforts at legacy sites is that it
provides a basis for using mechanistic insights into the hypotheses that the BMRP is based on. For
example, in this study, the four simple categories of vegetation types shown to be good predictors of
roughness types would also make a good basis for stratifying sampling at both the rapid assessment and
sentinel sites. Moreover, these categories can be predicted along the entire river corridor with remotely
sensed imagery.
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Figure 19. Application of the TLS-ALS model (with a 3-m moving window) to the (a) Laddie Park and
(b) Seacliff reaches. Subsets of the study reaches are shown. The bottom figure shows the group-averaged
projected area height profiles for each vegetation type. Figure from Manners et al. (accepted subject to
revisions).
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Figure 20. Example of how patch scale TLS data can be upscaled using system-wide airborne LiDaR
data, to apply 2D hydraulic models more effectively at reaches of management interest. 2D model output
at the Laddie Park reach for two discharges (Q=450 and 953 m3/s) and two roughness scenarios; 1)
spatially uniform roughness: A constant CD value was assigned to the reach. When converted to n, these
values varied slightly as a result of the depth-dependence of this relationship. Scenario 2) spatially
variable roughness: Application of the TLS-ALS model expressly accounts for stand structure in the
parameterization of roughness. A constant CD value was assigned separately to pools/ sand bars and to
gravel bars/riffles. When converted to n, these values varied slightly as a result of the depth-dependence
of this relationship. Upper panel shows the resulting maps of roughness (shown here as Manning’s n) for
the two scenarios at the two discharges. The lower panel shows the near-bed shear stress. Figure from
Manners et al. (accepted subject to revisions).
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Patch Scale TLS as Example of Future Structure From Motion
Figure 21 below show point clouds derived from TLS data. In the figures, individual plants, bedforms and
footprints in the sand are resolved. TLS may be a practical method to employ at legacy sites for specific
research projects, however in the context of BMRP it is too expensive and logistically challenging to
justify its use. However, as methods to analyze point cloud data improve it is worth mentioning a
technology that has emerged in the past year as a tractable way of acquiring topographic point clouds –
structure from motion (SfM). SfM uses oblique photogrammetry from100’s of overlapping photos taken
from different perspectives to build 3D photographic scenes. One of the outputs of SfM is a 3D point
cloud, and if control points are present in the cloud, it can be easily georefrenced. Using software like the
SfM Toolkit, the workflows are highly automated and simple. This emerging area of research still needs
to establish the relative quality and accuracy of point clouds derived from SfM versus traditional TLS or
ALS. However, the logistics of the field acquisition are so simple that they could potentially be easily and
quickly deployed for either sentinel or rapid assessment site monitoring.

Figure 21. A single TLS scan point cloud. Similar data may be able to be derived very rapidly and simply
with nothing more than a hand-held point-and-shoot camera and some control points in the photos to
georeference the cloud using structure from motion.
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§E Recommended Protocol
The protocol should seek to be agile enough to adapt to new challenges and opportunities as they present
themselves. Many protocols are unnecessarily rigid in the methods they specify and/or continue to gather
information ‘because they can’ as opposed to what hypotheses the information can be used to test and/or
management questions it can help address. The main reason such protocols are rigid is to minimize
variability in monitoring data collected due to crew variability, site variability, temporal variability and
methodological variability. Although it is important to minimize these sources of variability, there are
situations that arise where a better method may become available or physical changes to sites may deem a
previous method unnecessary. Similarly, there may be fiscal opportunities/constraints that arise and the
implementation needs to be adapted appropriately. In such situations, the important thing is to have a
good handle on the relative accuracy of any new methods or adaptations relative to that of the initial
methods specified in the protocol. The burden is always on those wishing to adapt the protocol to
demonstrate that 1) the adaptation is capable of producing the same or better quality information, but that
the data is crucially comparable to baseline data; or 2) that an adaptation is warranted because specific
information collected previously has proven to be ineffective and/or un-useful to testing specific
hypotheses or informing NPS management objectives.
The Big River Protocol seeks to be an adaptive protocol by accepting and anticipating that some changes
and adjustments to the protocol may be advantageous or necessary. It is not necessary or possible to
predict every situation under which an adaptation is warranted. However, we can at least outline the types
of scenarios that might arise, including 1) physical changes to the system that render the protocol’s
methods ineffective, or unnecessary; 2) emerging advances in monitoring technologies that translate to
the same or better quality of data for less effort, and/or allow a greater quantity of data to be collected for
the same level of effort; 3) fiscal opportunities may arise allowing a short-term or long-term expansion of
either data capture, analysis and/or synthesis; 4) fiscal challenges emerging forcing a short-term or longterm reduction of effort; and finally 5) where analysis of monitored data and testing of specific
hypotheses has led to a refinement or revision of a hypothesis, the monitoring methods should be adapted
to ensure that the refined hypothesis can be tested.
The basic recommendation for this monitoring protocol involves utilizing a mix of (A) remote sensing
and desktop analysis techniques to establish a baseline of conditions across the entire river corridor, (B)
rapid assessment techniques at strategically selected locations along the entire corridor derived from the
desktop analysis, including sensitive and insensitive sites, (C) detailed ground-based surveys of
vegetation and geomorphology at pre-identified sentinel sites that are known to be sensitive or very
sensitive to channel narrowing and (D) integration of sentinel sites with broader more intensive
monitoring efforts at legacy sites, which may be historical, ongoing and/or intermittent. These techniques
logically link information across a broad range of spatial scales, but do so in a logistically-feasible and
cost-efficient manner. The multi-scalar approach is necessary because it is unnecessary, cost-prohibitive
and infeasible to perform a complete census of the resources of concern in high spatial resolution across
the entire river corridors of NPS park units, on a meaningful sampling interval. However, it is possible to
balance a complete spatial coverage/inventory of resources, that may be too coarse to detect meaningful
change, against progressively more detailed sampling efforts capable of detecting changes, but only
possible to employ at a smaller number of locations.
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Our recommended big rivers monitoring strategy, involving a multi-scalar approach, is outlined in Table
8. The specific elements of the protocol are discussed in more detail below.

Outline of basic monitoring design and implementation
A. At a broad spatial scale, conduct a baseline inventory of sites hypothesized to be very sensitive,
sensitive and insensitive to channel narrowing. We can use freely available, remotely sensed,
present-day and historical aerial imagery (e.g., Bing Maps, Google Earth, NAIP) to produce a
reasonably accurate census of all active or recently active (i.e., past 25 years) bar surfaces that
have a longitudinal length greater than half the active channel width (e.g., Figure 6), representing
hydrogeomorphic locations with a range of sensitivities to channel narrowing; from insensitive to
very sensitive. This initial baseline of features would be established over three years, for the
Yampa, the Green above the Confluence, and the Green below the Confluence. Fortunately, at
the broad scale of the entire river corridor of NPS park units, a finite number of resources of
management concern (i.e., exposed alluvial surfaces and bars) exist.
1. We performed a desk top analysis of geomorphic features for the Yampa River in DINO,
using Google Earth imagery from June of 2005 to establish a baseline of features as described
above (see part A. above; Figure 5). A total of 113 features along 55 kilometers of river were
identified included sensitive (72), insensitive (28) and very sensitive (13) sites based on the
following criteria: 1) sensitive sites were essentially bare, active channel surfaces like midchannel or eddy bars; 2) insensitive sites were vegetated surfaces such as box elder terraces;
and 3) very sensitive surfaces were partially vegetated, with tamarisk, sand bar willow or
other perennial vegetation, and therefore hypothetically very sensitive to transitioning from
active to inactive surfaces (Manners et al. 2010). Finally, we identified insensitive reaches,
typically in narrow, bed-rock confined settings, which had no sizable channel bars (Figure 6).
B. Via float trips, conduct rapid assessments of the condition of hypothesized sensitive and
insensitive sites. We will assess a randomly selected set of sensitive and insensitive features
throughout the river corridor; from the baseline imagery (see part A. above). A random selection
of a rotating panel of 10-20 sites per year would be assessed at DINO with most sites visited over
a five to six year rotation. However, some sites may need to be excluded due to lack of GPS
reception in deep, narrow canyon sections. Assessment would consist of a rapid, ground-based
inventory using key geomorphic and vegetation indicators as described in section §D (Vegetation
and Geomorphology Rapid Assessment, pgs. 37 & 42). Sampling trips would be timed to
minimize stream stage-dependence of results, or data collection adjusted for that influence. Thus,
sampling takes place at particular time of year end\ of growing season when flows at the
Deerlodge USGS gage are within a specified range of discharges.
1. Based on 2011 pilot fieldwork, we estimate that 45 to 60 minutes will be required to complete
a single rapid assessment site
2. Indicator plant species have been established from quantitative analyses (cumulative
frequency % and % cover by species for significant indicators of specific geomorphic surface
types as well as common but not statistically significant indicator species—see Table 7)
3. Photos were used to create Photosynths (3D navigable scenes), which will be used to evaluate
any physical changes (facies changes and/or changes in planview area and elevation) in
selected bar features (see section §D, Rapid Assessment Site Monitoring, pg. 37)
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C. Establish sentinel monitoring sites at pre-identified sensitive or very sensitive sites
opportunistically selecting for sites that are logistically easy to access (i.e., ½ to one day travel
time per site). Based on pilot studies in 2010 and 2011, we estimate about three float/hike-in trips
every two years as a feasible level of effort. This would include three sentinel sites per reach, for
a total of nine representing the annual effort in DINO. More sites could be added if a rotating
panel was established so that not all sites would be done every year. Going forward, a more
detailed vegetation and geomorphic evaluation of sentinel sites includes: quadrat-based sampling
of randomly located vegetation plots across active channel surfaces, a detailed topographic survey
of those surfaces, and a mapping of different facies across the surfaces. Quantitative comparisons
across years would be used to detect and document channel narrowing (see section §D., Sentinel
Site Monitoring, pg. 39).
1. From 2009-2011 we established and sampled sentinel sites on the Yampa River and on the
Green River in Whirlpool Canyon (see section §C., Sentinel Site Monitoring, pg. 25).
2. We collected vegetation data and survey data at these sites and used this information to
establish quantitative information on vegetation and surface cover and dominant particle size
(see section §C., Sentinel Site Monitoring, pg. 25). We plan to further refine our proposed
monitoring approach as well as establish facies and perennial vegetation maps at these sites in
2012, as well as establish additional sentinel sites on the Green River in Lodore Canyon.
D. Opportunistically integrate BRMP monitoring efforts (i.e., sections A-C above) with legacy
monitoring sites, which are already established. Each park has at least one to three sites, which
have been the focus of past monitoring, research efforts (e.g., Deerlodge Park, Echo Park, Laddie
Park). The monitoring may be ongoing, inactive, or intermittent at these sites, but tends to be
more intensive and spatially extensive then both the sentinel and rapid assessment sites (e.g.,
Laddie Park, may contain several potential rapid assessment sites). As such, an effort should be
made to place rapid assessment and sentinel sites specifically at legacy monitoring sites and tie
into existing control networks and monitoring efforts. This will provide 1) an independent check
of the BRMP data against the sentinel sites, 2) leverage the longer term record of data, and 3)
potentially allow the BRMP to opportunistically integrate with other ongoing monitoring efforts
which are funded with other resources. Examples of what else we could incorporate from Legacy
monitoring sites include:
5. Long-term, mechanistic relationships between flow, sediment, vegetation and channel form
6. More traditional, intensive permanent plots spatially aggregated over remote sensing and
geomorphic maps
7. Repeat topographic surveys and sediment budget work
8. Habitat assessment
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Table 8. Summary and explanation of the four integrated, multi-spatial components proposed for the Big Rivers Monitoring Protocol.

Monitoring
approach

Spatial
Extent

Spatial
Resolution

Why

Survey
Frequency

Time Effort

A. Remote
sensing;

Whole
river, 102
to 103 river
kilometers;
Complete
census of
sensitive
sites

A function
of available
funding;
from 0.25
to 2 meters,
depending
on source of
imagery
(contract or
publically
available)

Complete
coverage
of the
river
corridor
within a
park unit

Big
baseline
effort,
decadal or
sooner as
indicated
by B & D

1 day to 2-3
weeks
depending on
nature of
imagery and
processing
time

B. Field
measurements
at rapid
assessment
sites; broad
scale baseline

Features,
sites, 102 to
103 square
meters;
Sample of
75-125
sites
annually

Geomoprhic
unit or
feature

Make
sure we
are not
missing
anything

Big initial
effort over
3 years; all
potential
sites; initial
baseline;
after initial
baseline,
rotational
panel
established
- see
approach
C.

2-3 weeks of
annual effort
(less than 0.5
to 1 hours per
site); Note
ALL sites
could be
photographed,
geotaged and
very rapidly
assessed in <
5 minutes per
60
site

Hydrologic
measurements
and metrics
USGS Stream
gage network,
sediment and
flow data;
Colorado River
Basin Forecast
information

Geomorphic
measurements
and metrics
Aerial imagery,
Light Detection
and Ranging
(LiDaR); pointin-time
snapshot of
geomorphic
units; large
magnitude,
coarse scale
detection of
change in
planview area
and elevation

No

Potential
rapidly
acquired
fascies maps,
geomorphic
unit
boundaries,
and rapid
survey of
elevation
change

Vegetation
measurements
and metrics
Aerial and
satellite imagery,
Multi-spectral
and aerial LiDaR,
Change in
Normalized
Difference
Vegetation Index
(NDVI);
groupings to
species, change
in biomass,
canopy height,
canopy
roughness,
change in
vegetation cover
and extent
Presence/absence
of indicator
species; change
in species
composition

Comments

Could be
triggered
after change
detected
from C or D;
suspend field
season, put
available
funds
towards
remote
sensing of
the corridor

All
hypothesized
sensitive and
insensitive
sites mapped
in GIS using
publically
available
imagery;
define
minimum
mapping unit

Table 8, ctd.
Monitoring
approach

Spatial
Extent

Spatial
Resolution

Why

Survey
Frequency

Time Effort

C. Detailed field
measurements; at
20-30 sentinel
sites annually or
sites sensitive to
channel
narrowing
processes. With
rotating panel
design, 10-15
sites resurveyed
annually & 30 to
45 sites every
three years (i.e.
40 to 60 sites
total)
D. Integration of
sentinel sites
opportunistically
at legacy sites;
historical,
ongoing or
intermittent
research and
monitoring sites
at 4-6 sentinel
sites

Features,
Sites, 102
to 103
square
meters;

Terrestrial
survey, 0.01
meter;
Quadrats
/transects,
0.1 meter

Detect finescale changes
in leading
indicators

50% of
sampling
effort
focused on
annual
revisits, and
50% based
on a three
year rotating
panel.

3 to 6 hours
per site
depending on
spatial
extent, level
of detail and
number of
metrics
examined

River
reaches,
Features,
Sites,
0.25 to
1.5 km
long
reaches

Terrestrial
LiDaR
scanner,
0.001 meter;
Possible preexisting:
remotely
sensed
imagery;
historical
photos;
terrestrial
surveys;
otherwise
same as C.

Possible preexisting:
historical
geomorphic
or vegetation
trend data;
research
context for
channel
change and
monitoring;
otherwise;
validation of
trends shown
from sentinel
sites

Annual; 4-6
sites

3 days to 2
weeks per
site
depending on
level of detail
and number
of metrics
examined,
using
partnered
monitoring
resources
(non BRMP)
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Hydrologic
measurements
and metrics
Stage/discharge
(pressure
transducers) at a
subset of sites
(e.g. 4-6);
Annual crest
stage gages at all
sites; potential
mapping of high
stage indicators

Geomorphic
measurements
and metrics
Short-term
geomorphic
dynamics
(camera
stations);
geomorphic
change detection
(repeat
topographic
surveys)

Vegetation
measurements
and metrics
Randomly
located quadrats
within defined
geomorphic
units; fine-scale
change in
species
composition
and cover

Comments

Possible preexisting:
Stage/discharge
relations, 2D
hydrologic
models; Possible
pre-existing:

Possible preexisting:
historical
channel crosssection surveys;
historical photos;
otherwise same
as C.

Possible preexisting: plant
surveys;
historical
photos;
otherwise same
as C.

3-4
representative
sensitive sites
per segment
within DINO
(Yampa, Lodore,
Whirlpool) with
relatively easy
access; can hike
to (for the
Yampa during
low flow).

Timetable & Resources Required
The field work for this protocol should take place after most of the growing season has occurred. While
before leaf-out or after leaf-off would be better for geomorphic surveys, it is simply not practical for two
field trips to occur each year for the same stretch of river. Ideal times for monitoring, as part of a Big
Rivers protocol, are late July through early September. There are also additional challenges on the
Yampa River, due to the natural hydrograph. There may be years of low snow where it is difficult to float
the river during the above mentioned window. The sentinel sites have been chosen in a manner that we
can access them via hiking even in low water, but there may be some years where low water prevents
rapid site assessment on this stretch of river.
The trips to BLCA, CANY, and DINO are designed to be done by a crew of four to six people.
Equipment lists are found in the attached Standard Operating Procedures. At CANY and DINO, the
sentinel sites should be able to be completed in a whole work day with travel either to the site or from the
site also occurring on the same day. For smaller less complex sentinel sites, in many cases it will also be
able to travel to and from the site in the same day in addition to completing all of the data collection. For
an eight day field hitch at BLCA/CURE a crew of four should be able to complete the stub cross-sections
at East Portal and Red Rocks in a single eight-day hitch.
With a field base of Moab, UT and the time needed to rig and de-rig boats it usually will leave only six
days in the hitch for actual field work. This field effort will accomplish annually:
•
•
•
•
•
•

1 Sentinel Site at CURE
2-3 Sentinel Sites at BLCA
6-9 Sentinel Sites at CANY
15-20 Rapid Assessment Sites at CANY
6-9 Sentinel Sites at DINO
15-20 Rapid assessment sites at DINO

However with this level of field effort, there is little to no funding remaining to acquire and analyze
LiDAR and multi-spectral imaging or re-surveying the historic cross-sections at DINO. LiDAR and
historic cross sections are not an annual need therefore; NCPN will seek to accomplish these two
objectives through external funding and with partners when conditions dictate. There may be some years
when the need is great enough that NCPN would suspend the annual monitoring of sentinel sites and
rapid assessments and devote resources to remote imagery and historic cross-sections.
For sentinel sites with a minimum crew of four the following procedures would occur:
1. Two people begin the geomorphic surveying – setting up the total station, discussing a strategy for
shooting the site, establishing or finding previous control points and bench marks, and establishing back
sites.
2. Simultaneously the other two people begin finding headpins and establishing taglines (BLCA) or
laying out plot flags in the active channel and active flood plain (DINO/CANY).
3. Geomorphic crew then begins surveying in the plot locations (DINO/CANY) or stub transects
(BLCA). After these are done, the surveyors create the geomorphic map of the feature.
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4. After the veg crew establishes plots, the botanist begins reading the plots, while the other person
switches to the surveying crew as an additional rod holder. When plots are done the botanist does a total
plant list survey of the feature.
5. As the vegetation and geomorphic work finishes up, each should be in contact with each other to
ensure that remaining tasks such as taking photos, making site notes, etc. are accomplished by the first
one done with their tasks.
6. A single good botanist should be able to keep up with a geomorphic crew of 3. Often the botanist
finishes before the geomorphology is done. It is a good rule of thumb to be thinking about the
geomorphology crew (holding branches, letting them pass through in recording plots, etc.) and how to
help them at all times and not have then waiting on other tasks (make sure plots are established before
they are ready to start shooting them) before they can start work.
7. Crew sizes of 5 and 6 are optimal. If additional crew members are available, priority of jobs are:
a. Adding an additional rod holder for the entire day
b. Additional person to string and take down taglines (BLCA) and establish plots (CANY/DINO)
c. Taking photos
d. Note taker or additional botanist dependent on skills
e. Doing rapid assessment sites in the vicinity
f. Taking a boat ahead to the campsite to make dinner for the geomorphology crew or doing camp
clean up while the geomorphology crew begins their data collection.
For rapid assessment sites the work should be completed in 45-60 minutes per site by two people.
Depending on travel time five to eight sites can be done per pair per day, resulting in 10-16 rapid sites
completed by a crew of four. While the geomorphic methods have not been finalized, it is envisioned that
for each pair, one would do vegetation measurements and the other would do the geomorphic
measurements.
1. Person A, the botanist immediately begins plot work that is all this person will do.
2. Person B does everything else starting with laying out pin flags to delineate the active channel/active
floodplain boundary which defines the vegetation sampling boundary.
3. Person B then begins the map-grade GPS survey of the wetted channel/active channel and the active
channel/active floodplain boundaries,
4. Person B then takes photos.
5. Person B can then go be note taker for the botanist.
Crew and Boat Specifications
1. Botanist – at least one is essential, two is ideal. At minimum the second botanist should have
sufficient knowledge to be able to identify the indicator species needed for the rapid assessment methods.
2. Surveyor – essential that you have a person to run the total station and direct rod people.
3. Rod people – Ideally you have 1-2 people with knowledge of surveying to discuss strategy for
surveying a site. However a person with little experience can still be very helpful as a second rodman.
4. Boats – For CANY and DINO, at least one raft and at least two boats (ducky or raft) are needed for a
crew of four. With a crew of six, two rafts and multiple duckies are ideal. Duckies greatly increase the
efficiency of the crew allowing more mobility for allowing crews to be left behind (clean up camp), do
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rapid sites in the vicinity, or get ahead of crews to establish camp and make dinner. For BLCA, it is ideal
to have 2-3 duckies or small rafts for ferrying equipment and personnel.
With a skeletal crew of four, five sentinel sites and 10-16 rapid assessment sites could be completed on an
8 day field hitch. With a crew of six, six sentinel sites and 30-45 rapid assessment sites could be
completed in a single hitch.

Standard Operating Procedures
See Appendix B.
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Appendix A. Images showing delineations of the wetted channel/active channel boundary (blue line) and
active channel/active floodplain boundary (green line) at 11 rapid assessment sites in Yampa Canyon and
Whirlpool Canyon in Dinosaur National Monument, using a hand-held, mapping-grade GPS unit. The
apparent mismatch between the wetted channel/active channel boundary line and the wetted channel edge
on the image is largely the result of a difference in river stage between when the line was marked and the
date of the image. The 11 rapid assessments sites, in order, are: Deerlodge; Anderson; Ponderosa; (River)
Mile 32; Can 5; Can 10; Can 11; Can 13; Can 21; SC (Seacliff); and Sentinel (Nixon/Agnew Sentinel
Site). The active channel/active floodplain boundaries had to be delineated by hand at four of the sites
(CAN10, CAN11, CAN 13, and CAN 21), due to poor satellite reception in narrow canyon sections.
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This SOP describes how to prepare for the field season, including a list of field equipment and
tasks that are performed before each field trip.

1. Before the Field Season
The following tasks should be completed by the project manager or field crew leader well before
the arrival of seasonal field crew members.
1. Post positions for seasonal employees or student interns 3-4 months prior to scheduled field
work. Riparian monitoring requires four field crew members for vegetation sampling and
geomorphology work. Hiring must be completed at least six weeks prior to the beginning of
the field season to allow time for federal background check procedures.
2. Review the entire protocol. Understand the goals and procedures of the monitoring program
before beginning other preparations. Discuss any proposed or recent changes to the sampling
design or protocol with appropriate I&M personnel. If a change has been implemented since
the last field season, make sure that all field forms, databases, and relevant SOPs have been
updated.
3. Compile a list of sentinel and rapid sites that will be monitored. Discuss the season’s
objectives with appropriate I&M personnel to develop a field schedule.
4. Schedule field work. Use the guidelines below to develop a field schedule that meets the
objectives for the field season and maintains some flexibility for unforeseen events.
Seasonality of sampling
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Vegetation is sampled during the growing season, when the summer low flows have been
reached, typically between late July and mid- September. Sampling visits should be
scheduled to optimize phenology for the group of NCPN park units included in big river
monitoring. Park units should be visited at approximately the same time each year to
maximize repeatability.
Field crew schedule
Crew members typically work 8 consecutive 10-hour days, followed by 6 days off,
especially when working at distant park units or in the backcountry. Field work that does
not require travel and camping has more flexibility. Driving to the launch site, rigging
boats, and getting to the first campsite usually takes close to one full day. Similarly
getting to the take out, de-rigging, and driving back to Moab takes another day.
Therefore field hitches at DINO and CANY should plan for actual data collection to be
implemented in 6 day stretches. There may be some additional time for hitches at BLCA
and CURE where a raft is not required. Office work at the beginning and end of the field
season is scheduled for 8 hour days Monday through Friday, and additional office days
throughout the field season may be scheduled for trainings, field preparation, or data
management.
5. Request research permits. Begin the process at least 10 weeks before the start of the field
season to allow ample time for processing.
6. Plan travel logistics. Notify appropriate park personnel of the dates the big river field crew
will be in their park unit. Discuss housing availability and needs with appropriate parks, and
acquire backcountry camping permits.
7. Organize and check all equipment. Equipment is usually tested and inventoried at the end of
the field season. Review this list to make sure that you have adequate supplies and that all
replacement equipment is ordered and will be available before the field season begins. Tables
1-4 list equipment needed for each SOP.
8. Review plant species lists for each park unit, and update them with new species detected in
the previous field season. Print additional copies, if necessary, so that each 2-person team
has a copy for the field. Review the species most likely to be encountered in each park and
assemble relevant flora, keys, and field herbaria.

2. A few weeks before each field visit
The following tasks should be completed by the field crew leader in the weeks before a
scheduled field visit.
1. Review existing maps for each park, and request additional maps from the GIS technician if
necessary. Make sure that the locations of existing benchmarks are added to maps for
surveying trips.
2. Pack and review relevant information for each sentinel and rapid sites to be monitored.
All visits
Access document – contains useful information for navigating to remotes areas of park
units.
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Trip reports - from the previous field season. At the end of each field trip, the crew leader
writes a brief report describing general field conditions, access issues, logistical
challenges, safety concerns, equipment problems, and suggestions for improving
efficiency.
Monument photos – photos used to help relocate each headpin, total station instrument
setup, or reference mark for surveying.
Vegetation sampling
Revisit data sheets – provides directions to the reach, coordinates of monuments, and any
other specific information from the previous visit.
Reach species list - list of species detected during previous monitoring visits.
Surveying
Field notes – a copy of notes from the previous survey.
3. Print and copy the field data sheets, at least 1/4 of the data sheets should be on Rite-in-theRain© paper. Copies of each form are found at the end of the appropriate SOP. Data sheets
for field measures are listed below with the minimum number needed to sample a reach.
Vegetation sampling
Sentinel site Quadrats/Transects
Rapid assessment sites
Photos
Point-intercept
Site assessment
Geomorphology sampling
4. Coordinate with the GIS technician to reserve GPS units and load UTM coordinates for the
reaches to be sampled.
5. Load data from the previous total station survey on the datalogger.
6. Contact parks and provide detailed trip information. Contact the resource staff and chief
ranger and provide dates the crew will be working in the park, names of field crew members,
vehicle descriptions, and approximate locations of monitoring activity.
7. Check stream flows and weather forecasts. Stream flows can be referenced at
usgs.waterdata.gov. Applicable gages include:
BLCA
09128000 Gunnison River below Gunnison Tunnel, CO for BLCA
CURE – Sum of these two sites
09119000 Tomichi Creek at Gunnison, CO
09114500 Gunnison River near Gunnison, CO
CANY
09180500 Colorado River near Cisco, UT
09315000 Green River near Green River, UT
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DINO
09260050 Yampa River at Deerlodge Park, CO
09234500 Green River near Greendale, UT
09261000 Green River near Jensen, UT

3. Immediately before each field visit
The following tasks should be completed by the field crew leader immediately before each field
visit.
1. File a backcountry safety plan. The day the crew leaves for a multi-day field trip, the crew
leader should fax a backcountry safety plan to Glen Canyon dispatch. Crew leaders should
review the NCPN Backcountry Safety Plan for specific procedures.
2. Check for satellite phone availability using the Globalstar Call Times Tool at
http://calltimes.globalstarusa.com/.
3. Perform a vehicle safety inspection and replace any necessary fluids.
4. Check out cameras, GPS units, and satellite phones to crew members. Depending on the
type of field trip, also check out lasers, total station, data logger, water level meter,
peristaltic pump, PDA, field laptop, and/or cordless drill. Make sure that the batteries are
fully charged for all rechargeable equipment.
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Table 1. Equipment needed for all big river monitoring.
Item

Number
needed

Description

Notes

General Equipment - necessary for all SOPs
GPS with extra batteries

2

GPS car charger

1

Digital camera

3

Extra battery for digital
camera

2

Inverter

1

Permit

2 per vehicle

Maps

1 per 2 people

Data sheets

1 per 2 people

Clipboard

1 per 2 people

Pencils
Waders

variable
5 - 10
1 per person

main unit and backup
transect headpins and midchannel, survey monuments and
reference marks, wells and
piezometers

plugs into marine
battery

charge electronic equipment
one on dashboard, one with
crew
at least 25% on rite-in-the-rain
paper

variable

SOPs

Field notebook

Trimble GeoXM or more
accurate

lightweight with interior
storage
small, Rite-in-the-Rain©

field notes

3 mm neoprene

optional during hot weather

Safety Equipment - necessary for all SOPs
First aid kit

1 per 2 people

Satellite phone

1 per 2 people
1 per phone

Satellite phone charger
NCPN Backcountry
Safety Plan
NCPN Accident Report
Logs
NCPN Medical
Information Forms
Throw bag
Personal Equipment necessary for all SOPs,
provided by observers
Insect repellent

content list in NCPN
Backcountry Safety Plan

1 per 2 people
found in NCPN Backcountry
Safety Plan
found in NCPN Backcountry
Safety Plan

1 per 2 people
1 per person
1

Sunscreen
Water bottles
Sunhat or baseball hat
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Item

Number
needed

Description

Notes

Shoes for wading
Vegetation.
100-m Kevlar taglines

3

Rebar

min. 4

Cam straps

1m quadrat frames

4
3
min. 6
2

Transect relocation
photos

R-2

100-m transect tapes
Chaining pins
2

Compass
Rangefinder
Pin flags
Rebar
Sledgehammer

2

with declination setting

E -1

short-range
narrow steel pins with
flag top
3/8" diameter cut into
18" lengths

min. 21
E -min. 18
2

Rebar caps

E - 14

Leather piece

E-1

2-way radios

4
min. 12

Extra radio batteries
Reach species list

Kevlar string with meter
markings
3/8" diameter cut into
18" lengths
6 footers
fiberglass reel tapes
striped metal pins
Pvc pipe
reference photos taken
during establishment

2

Trowel

2
2

Plant press

1

Relevant floras and
park species lists
Photographs, Necessary for all visits.
Chalkboard
2
Chalk

secure taglines
Tighten taglines
cross-section transects
secure tapes

set declination, take transect
bearings
measure riparian zone widths
mark locations

permanent and temporary
markers
drive in rebar
1 1/2" pre-stamped with label rebar and cover top for
NCPN
safety
protects rebar cap when
piece of old belt or glove
pounding
crew communication
AA alkaline
radios require 3 per unit
species previously
recorded at reach

Plant Identification and Unknown Plants, Necessary for all visits.
Hand lenses
2
2-gallon resealable
min. 6
2- gallon or larger
plastic bags
Masking tape
2
Permanent marker

set up transects through dense
vegetation

small garden tool
field press with card,
blotter, and paper

collect plants
label plant collections
label plant collections
extract specimen roots
store plant collections for
identification

various by park
5 x 7"

label photos

2
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Boating equipment, Necessary for all visits.
Need to add

Table 3. Equipment needed for stream channel surveys by a three-person crew.
Item

Number
needed

Description

Notes

Stream Channel Surveying - SOP #9,
Necessary for all visits unless noted with an I = initial survey or R = re-visit.
make sure batteries are fully
Total station with 2
1
batteries
charged before leaving
Charger for total station
Marine battery and
inverter
Datalogger with Survey
Pro software

1

use when electricity is available

1

For raft trips

Charger for datalogger

1

External power supply
for datalogger

1

6-volt battery with
transformer and cables

1

Tripod

1

Backsight tripod and
tribrach
Prism

1

Metric surveying rod

2

Rod level

2

10-m engineer's tape
measure

2

2-way radios
Extra radio batteries
Ear piece with
microphone
Rebar
Stamped aluminum
rebar caps

make sure batteries are fully
charged before leaving
use when electricity is available
Bring plenty of extra batteries
for this
charging equipment in the
backcountry

1

3

3
many

with 5/8" screw-mount
and adjustable legs

mounting backsight
identical
identical, telescoping to
5m

AA alkaline, 3 per radio

1
I - min. 12,
R-4
I - 12

Hammer/mallet

1

Screwdriver, pliers, and
wrench set

1

Pin flags

30

Flagging

1 roll

mounting total station

for rods and backsight

measure instrument and rod
heights
crew communication
1.5 sets per radio per day
for person running total station

3/8" diameter cut in 0.5
m lengths
1 1/2" pre-stamped with
NCPN

narrow steel pins with
flag top
brightly colored
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permanent and temporary
markers; secure taglines
label rebar and cover top for
safety
attach prisms, troubleshoot
equipment
mark locations
mark locations

Number
needed

Item
100-m Kevlar taglines
(2)

2

GPS

1

Description
Kevlar string with meter
markings

Notes
set up transects through dense
vegetation

Survey grade with
horizontal accuracy
< 0.1 m

Field notes from
previous survey

Big River Monitoring Protocol for Park Units in the Northern Colorado
Plateau Network
Standard Operating Procedure (SOP) # 2
Hiring and Training Observers
Version 1.00 (December 2011)
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Previous
Version #
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Author
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Version #

This SOP explains the qualifications needed for permanent and seasonal field personnel and
procedures for training vegetation and geomorphology sampling technicians. Accurate,
consistent data collection begins with the hiring process, followed by a rigorous training
program. Technicians must also be prepared, both mentally and physically, for the extreme
weather and difficult terrain of NCPN parks.

Hiring Field Technicians
Staffing requirements
Big river monitoring requires geomorphic and vegetation expertise. A permanent or term
subject-to-furlough biological or physical science technician (GS-6/7) leads a crew responsible
for vegetation and geomorphology sampling. Three seasonal crew members (NPS, volunteer,
intern, or cooperator) comprise the riparian vegetation crew.
Qualifications and attributes
In addition to the technical skills, experience, and knowledge listed below, certain qualities are
necessary for all NCPN field personnel. To maintain data quality, all staff should have the ability
to successfully engage in repetitive, detail-oriented work. Technicians must be in excellent
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physical condition and able to thrive in difficult field conditions. Certification as a Wilderness
First Responder (or Wilderness First Aid) and CPR is also an asset. Employees must expect to
work away at parks for periods up to 8 consecutive days and, in many instances, to camp in
backcountry situations.
Technical Skills, Experience, and Knowledge
The Riparian Crew Leader can be either a Biological or Physical Science Technician. Since it is
unlikely that NCPN will be able to recruit a candidate with the technical expertise needed for
both vegetation and geomorphology sampling, NCPN is committed to train the selected
candidate in the skill that they are lacking. The technical skills, experience, and knowledge
required for all integrated riparian field positions is detailed below.
Lead Biological Science Technician (Crew Leader)
• Ability to identify common riparian genera and species.
• Ability to key plants to species using floras and technical keys.
• Experience leading a field crew to collect biological data in remote field settings.
Lead Physical Science Technician (Crew Leader)
• Experience using a total station and post processing total station data.
• Ability to identify bankfull and channel thalweg.
• Experience leading a field crew to collect physical data in remote field settings.
Seasonal Biological Science Technicians (or interns or volunteers)
The most essential element for the collection of quality data is well-trained, experienced
field crews. Given the variability of plant community types across NCPN parks, it is
necessary to hire highly skilled botanists with experience working throughout the region.
The importance of hiring and training well-qualified observers cannot be overemphasized.
In order to accurately detect trend across sampling periods, it is imperative that observers
record vegetation and geomorphology data using the same methods and level of precision
year after year. While not imperative, experience conducting quantitative vegetation
sampling is a valuable skill in any employee. During the applicant review process, it will be
important to give priority to those candidates with considerable experience conducting
vegetation surveys and, secondly, to candidates with (1) experience conducting any type of
field work that involves data collection, (2) extensive experience backpacking and hiking,
and/or (3) an academic degree related to vegetation or ecology. Particular attention should
be paid to the experience of the observer, his/her ability to learn new plants, physical
abilities to withstand difficult field conditions, and overall attitude. NCPN will train
biological science technicians in geomorphology survey techniques.

Training Seasonal Vegetation Observers
To promote accuracy and consistency in data collection among data collectors, training should be
designed to calibrate data collectors so that they have comparable skills in identifying species
and are recording data in a consistent format. For data collectors who are already competent at
identifying plants by sight and taxonomic keying, the need for training in plant identification
may be minimal. If the program is fortunate enough to hire all experienced personnel for a
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season, then the proposed training program will improve their skills. No data collector is exempt
from the training program.
1. Prepare for the training program. The project manager or crew leader acts as the
primary instructor; however, experts in various aspects of the protocol (such as First Aid/CPR)
should be scheduled to assist in training as necessary. The instructor must prepare training
materials, itineraries, and field gear before the training program begins.
2. Issue field gear before training begins. See SOP #1 for a list of field equipment. Provide a
copy of this protocol to all trainees, along with a list of recommended personal field and camping
equipment, before training begins. Ensure that observers examine the list of necessary personal
gear (see SOP #1) and that they have all the appropriate equipment by the time field work starts.
Make sure that trainees are informed and prepared for the training and survey events. Have the
field technicians read the relevant riparian SOPs prior to field training.
3. Have all vegetation crew members participate in Riparian Vegetation Reach
Establishment, Navigation and Safety training. Crew members from previous seasons
normally do not need as much training in plant-identification skills as new crew members;
however, all data collectors must attend the entire training course each year. In these cases, it
will be important to specifically point out any changes to the protocol. Experienced crew
members can assist with training less-experienced data collectors. Experienced crew members
will also continue practicing plant identification skills, navigational abilities, and data collection
methods. All procedures will be exercised to the full extent, including actual recording of
observations on data sheets.
4. Focus on navigation and reach set-up (BLCA only). Training should be given in both
general navigation techniques using traditional maps and compass, as well as handheld GPS
units. All technicians should practice recording spatial data using a GPS unit.
6. Emphasize field safety procedures and issues. Discuss emergency safety procedures and
important safety issues for the NCPN region, notably, rafting safety, heat exposure, flooding, and
driving on rough roads. Training includes a one-day CPR/First Aid course and a review of the
NCPN Backcountry Safety Plan. The crew leader or project manager will also review low impact
camping procedures.
7. Review dominant plant species. Training will consist of field-based identification of plants
likely to be observed during the field season, with emphasis on difficult-to-identify species.
Additionally, field crews will be instructed on the use of available taxonomic keys and reference
materials.

Suggested topics for training:
Program overview – introduction to NCPN goals and projects
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Administrative responsibilities and policies – timesheets, travel, work hours, leave policies,
and equipment care
Safety – NCPN Backcountry Safety Plan, Job Hazard Analysis, first aid kits, satellite phone
use, specific safety concerns
Government vehicles – proper use and care, vehicle inspection, tire changing
Rafting safety – overview of hazards of working in big rivers, safety signals, etc.
Park etiquette – biological soil crust, visitor interactions, low impact practices
GPS – navigation, logging points, data dictionaries
Reach establishment – measuring active riparian zone width, identifying the channel thalweg,
taking bearings using a compass, transect set up
Vegetation measures – Includes all methods in SOP #6. Pay particular attention to training
observers in identifying the greenline, tagging trees, and measuring DBH.
Photos – taking good reference photos, appropriate camera orientations for monitoring photos,
checking time and date settings
Plant identification – making plant collections, using available plant references, review of
common species with particular attention to difficult groups including grasses, sedges, rushes
and willows, plant walks in the field
Geomorphology surveys – proper extension of the rod and positioning of the prism,
identifying geomorphic surface breaks
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Riparian Monitoring Protocol for the Park Units in the Northern Colorado
Plateau Network
Standard Operating Procedure (SOP) # 3
Using Global Positioning System (GPS) Units
Version 1.01 (December 2011)
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Version #

Revision
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Version #

This SOP explains the procedures and considerations that all observers should follow when
navigating to and/or collecting geospatial data at big river monitoring locations. It assumes that
each observer is familiar with the operation and function of the GPS unit to be used for this
project. This SOP is intended to complement, not replace, the operations manual accompanying
the GPS unit.
This SOP is divided into three main sections: 1) Riparian Site Characterization and Riparian
Reach Establishment, 2) Riparian Site Revisit; and 3) Rapid site assessments. Each main section
contains minimum GPS receiver requirements, followed by brand-specific instructions. The
intent is to maintain a high quality of GPS spatial accuracy and collection capabilities. This SOP
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does not require the use of a specific brand of GPS unit; however, the unit must meet the
minimum standards listed below.

Definitions and Acronyms
NPS
NCPN
I&M
SOP
GIS
GPS

Coordinate system
FGDC

Feature
Data Dictionary
Tabular dataset

Spatial dataset

Raw data

Certified data
Working database

Master database

National Park Service
Northern Colorado Plateau Network
Inventory & Monitoring Program of the National Park Service
Standard Operating Procedure
Geographic Information Systems – A computerized system used to input,
manage, manipulate, analyze and display geographic data in digital form.
Global Positioning System (unit/receiver/datalogger) – A three part
system of 1) 25+ Department of Defense satellites, 2) Control segment,
3) Users with receivers
Any three-dimensional reference frame that locates objects in space.
Federal Geographic Data Committee, the interagency committee that
promotes the coordinated development, use, sharing, and dissemination
of geographic data.
A physical object or location of an event. A feature can be a point, line,
or polygon (area).
Information (data) that describes features that will be located in the field.
A dataset organized in a table or group of tables where each column and
row has a specific interpretation; often produced by Microsoft (MS)
Excel, MS Access, database, or statistical software, and managed as text,
spreadsheet, or relational databases.
A dataset that is natively read by mapping software; often produced by
mapping software, such as ESRI ArcMap and ArcInfo; also includes
georeferenced imagery, geodatabases, as well as hardcopy aerial
photographs, satellite imagery, and maps.
Data that have not been subjected to either quality control or
documentation procedures; includes data recorded by hand on hard-copy
forms, digital files from handheld devices, GPS receivers, telemetry data
loggers, etc.
Finalized project data, i.e., data that have undergone thorough quality
assurance and screening as well as complete documentation.
A project-specific database for entering and processing data for the
current season (or other logical period of time). This might be the only
database for short-term projects where there is no need to distinguish
working data for the current season from the full set of validated project
data.
Project-specific database for storing the full project data set, used for
viewing, summarizing, and analysis. Only used to store certified data.

Site Verification and Reach Establishment (BLCA)
The project manager predetermines the centroids of riparian reach monitoring locations (specific
XY coordinates in UTM NAD83). NCPN requires the use of a mapping grade GPS unit to
record any locations in a reach.

Minimum GPS Receiver Requirements
•
•

Capable of uploading pre-determined riparian monitoring locations
Capable of utilizing data dictionary utilities (NCPN Riparian Data Dictionary, see section
2.3)
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•
•
•
•
•
•
•

Capable of utilizing park-specific background GIS data layers
Capable of navigation
Capable of maintaining 4 or more satellites
Capable of maintaining horizontal errors of less than 5 meters (PDOP (or equivalent error
reading) of less than 6)
Capable of post data collection correction (differential correction)
Capable of storing date, time, elevation, and coordinates of features collected (in addition
to data dictionary items)
Capable of exporting features collected to a GIS data format

GPS Unit Setup
The NCPN currently uses the Trimble line of mapping grade GPS units and TerraSync software
to capture the spatial data for the riparian monitoring reach locations. The requirements should
be transferable to other mapping grade GPS receivers (such as Leica etc.).
Positional accuracy can be affected by several factors which mapping-grade GPS units can track
and to some extent, compensate for. Table 1 lists these functions, their definitions, and the
standard settings.
Table 1. Minimum GPS receiver settings standards.
Name
Almanac

Definition
GPS unit collects data containing
estimated position of satellites,
time corrections, and atmospheric
delay parameters.
Ellipsoid model

Standard
The unit will automatically collect the
almanac. Acquire within 10 days
prior to data collection or navigating,
download to computer.
Height Above Ellipsoid (HAE)

GPS unit height above the ground
(average).
A reference system consisting of a
set of points, lines, and/or
surfaces, and a set of rules, used
to define the positions of points in
space in either two or three
dimensions.
Geodetic model designed to fit a
point on the earth’s surface to the
ellipsoid.
The minimum angle at which a
GPS receiver will track satellite
vehicles.
Time interval between positions
gathered.
Number of positions received then
averaged to create a point feature.

1.0 meter

Mode

2-Dimensional or 3-Dimensional

3-Dimensional (4 satellites)

PDOP Mask

Positional Dilution of Precision is a
measurement of the geometry of
the satellites.

6.0 or less

Altitude reference
Antenna heights
Coordinate System

Datum

Elevation mask

Logging intervals
Minimum number of
positions for a point
feature
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Universal Transverse Mercator
(UTM)

NAD 1983 (Conus)

15 degrees

Point: 1 second
Line and Polygon: 5 seconds
10

Name
Satellite vehicles

Definition
Number of satellites, currently a
constellation of 28 DOD satellites.

Standard
4

SNR Mask

Signal-to-Noise Ratio is a
measure of the strength of the
satellite signal relative to
background noise.

4.0

Unit of Measure

Units of measure.

Meters

Zone

In UTM coordinate system, the
globe is divided into 60 northsouth zones.

Zone 12 North (N)*
*Black Canyon & Curecanti are Zone 13 N

Data Dictionary
A data dictionary should be utilized to facilitate field data collection as well as to assure
necessary data items are (correctly) collected. The minimum elements necessary for the riparian
data dictionary are shown below. Once the project manager has given the GIS technician all
potential riparian points for a given park in a given year, those points are then imported with the
Riparian data dictionary (using Pathfinder Office), creating a data file for Reach Establishment
(PARK_RipEst.imp). All point features in the Riparian Data Dictionary should have the default
feature settings of:
Logging Interval
Minimum Positions
Accuracy
Label 1

Time = 1 second
3
Code
ReachID

The following data dictionary digital file (.ddf) can be obtained by contacting the NCPN Data
Management staff.

Monumented Transect Start and End Points Feature
For riparian monitoring, there are seven transects per monitoring reach. Identify and GPS the
location of the rebar that monuments the beginning (right) and end (left) of each transect.
Transects
Attributes
ReachID

Attribute Explanation

Entry

Type

Numeric unique ID from Project Manager

Entry permitted
in the field

Numeric
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Trans_Point

RebarMeters

Comments

• T1_Left (Transect 1, river Left rebar)
• T1_Right (Transect 1, river Right rebar)
• T2_Left (Transect 2, river Left rebar)
• T2_Right (Transect 2, river Right rebar)
• T3_Left (Transect 3, river Left rebar)
• T3_Right (Transect 3, river Right rebar)
• T4_Left (Transect 4, river Left rebar)
• T4_Right (Transect 4, river Right rebar)
• T5_Left (Transect 5, river Left rebar)
• T5_Right (Transect 5, river Right rebar)
• T6_Left (Transect 6, river Left rebar)
• T6_Right (Transect 6, river Right rebar)
• T7_Left (Transect 7, river Left rebar)
• T7_Right (Transect 7, river Right rebar)
Distance, in meters, along the transect where the
rebar is located. Normally Right = 0 and Left =
transect end.
Any comments regarding the site

Entry required
in the field

Menu

Entry permitted
in the field

Numeric

Entry permitted
in the field

Text –
Optional

Unmonumented Transect Start or End Points Feature
Occasionally the beginning or end of a transect cannot be monumented because it falls on
bedrock, in the channel, or in some other unstable situation. In such cases the rebar is placed at a
point along the transect (see SOP #4) and the location recorded above is not the actual transect
beginning or end. In such cases, an additional point may be taken to record the actual transect start
or end.
TransUnmon
Attributes
ReachID
Trans_Point

Location

Comments

Attribute Explanation

Entry

Type

Numeric unique ID from Project Manager

Entry permitted
in the field

Numeric

• T1_Left (Transect 1, river Left)
• T1_Right (Transect 1, river Right)
• T2_Left (Transect 2, river Left)
• T2_Right (Transect 2, river Right)
• T3_Left (Transect 3, river Left)
• T3_Right (Transect 3, river Right)
• T4_Left (Transect 4, river Left)
• T4_Right (Transect 4, river Right)
• T5_Left (Transect 5, river Left)
• T5_Right (Transect 5, river Right)
• T6_Left (Transect 6, river Left)
• T6_Right (Transect 6, river Right)
• T7_Left (Transect 7, river Left)
• T7_Right (Transect 7, river Right)
Distance, in meters, along the transect where the
unmonumented start or end occurs. Right = 0 and
Left = transect end.
Any comments regarding the site

Entry permitted
in the field

Menu

Entry permitted
in the field

Numeric

Entry permitted
in the field

Text –
Optional
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Other Optional Point Feature
This point feature is for incidental observations the monitoring crews may encounter. For
example, you may find an invasive exotic plant community or want to mark where you parked
your car. You can mark that location with this point feature, briefly commenting why you
marked the location.
OtherPt
Attributes
Comment
Comment2

Attribute Explanation

Entry

Type

Incidental observation comment

Entry permitted
in the field

Text –
Optional

Incidental observation comment

Entry permitted
in the field

Text –
Optional

All other data required from the GPS unit can be automatically downloaded from the GPS
unit (see section 2.6).
Collecting data
Once you’ve arrived to the sentinel site or rapid assessment site, it’s time to collect the GPS
locations necessary. Appendix A contains detailed instructions for use with the big river data
dictionary and various files. Open the necessary file, and begin logging the point and any
required data. Each point collected should be allowed to receive 10 positions before ending data
collection and moving onto collecting another type of point. Given the terrain of many of the
riparian monitoring locations, the liberal use of the offset feature is recommended.
Downloading
When data collection is finished, the GPS data need to be downloaded. The NCPN GIS
technician downloads the data from the GPS unit(s) after each field excursion, and then
differentially corrects the data, using the appropriate (closest) base station. The corrected GPS
files are then exported to a GIS data format. Table 2 indicates the attributes to capture while
exporting the corrected GPS data into a GIS data format (i.e., “turn on” in Pathfinder Office).
Table 2. GPS Auto-generated attributes to capture.
PDOP
Correction Status
Receiver Type
Date Recorded
Time Recorded

Update Status
Data File Name
Total Positions
Filtered Positions
Data Dictionary Name

Height
Vertical Precision
Horizontal Precision
Standard Deviation
Position

Data should be exported using the same coordinate system used in the field (UTM, NAD83
Conus, Zone 12 or 13, meters).
Uploading to the master Riparian Database
Once the GPS field data are validated & verified (GPS points given a visual review, compared to
Generalized Random Tessellation Stratified (GRTS) coordinates, transect plot ID attributes
verified) in ArcMap, the data are ready to be uploaded into the working Riparian Database. The
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GPS data are exported from ArcMap into an Excel spreadsheet for importing into the Riparian
Database (see SOP #13, section 3.1).

Riparian Sentinel Site Revisit
Once reaches are established, no new data will normally be collected with a GPS unit when the
site(s) are revisited. GPS units will be used primarily for relocation of and navigation to and
from the riparian reaches and transects. This allows for the use of recreational grade GPS units
(Garmins, Magellans, etc.) rather than the sometimes heavier and larger mapping grade GPS
units. The use of mapping grade units is encouraged for navigation to plots ready to be revisited;
however, the following steps demonstrate how one could utilize a recreational GPS unit.
Appendix B contains detailed instructions on using a Garmin 76 GPS unit.
If it becomes necessary to physically move a transect endpoint, the field crew should GPS the
new endpoint with the GPS unit. In addition, a distance (in meters) and bearing should be taken
from the old endpoint to the new endpoint. Both data sets should be given to the GIS technician,
who will determine the new coordinates for the plot, and pass those updated coordinates to the
Data Manager for incorporation into the Riparian database.

Minimum GPS Receiver Requirements
•

Capable of uploading previously visited riparian monitoring transect locations (XY
points)
• Capable of storing date and coordinates of features collected.
• Capable of exporting features collected to a format that can be used by GIS
• Capable of maintaining an EHE (Estimate of Horizontal Error) of less than or equal to 12
meters. Maintaining an EHE (or EPE – Estimate of Positional Error) of 12 meters or less
meets the National Map Accuracy Standard.
• Capable of tracking a minimum of 4 satellites
• Capable of collecting real-time differentially-corrected positions (DGPS)
GPS Unit Setup
The riparian monitoring reach transects which are to be revisited in a given year will be given to
the NCPN GIS technician. These locations (XYs of the plot centroid as well as all fourteen
transect beginning and end points) will then be uploaded into any recreational grade GPS unit for
relocation purposes. If using a Garmin GPS, data transfer is enhanced by utilitizing the freeware
DNRGarmin (http://www.dnr.state.mn.us/mis/gis/tools/arcview/extensions.html). Background
maps of the area(s) to be visited should be uploaded from Map Source as well. Once the data are
transferred to the GPS unit, the GPS unit is ready for field use.
The GPS unit should be configured with the settings in Table 3.
Table 3. Minimum GPS receiver settings.
Name

Standard

Projection (displayed coordinates)

UTM

Datum

NAD 83

WAAS

Enabled (on)

Riparian Rapid Assessment Site Revisit
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Boundaries of the Wetted Channel/Active Channel and Active Channel/Active
Floodplain
Within TerraSync, open the existing file for the appropriate park. Open the background file
containing the river corridor and rapid site assessment locations. Choose the point feature and
begin logging the point and data required. Each point collected should be allowed to receive 10
positions before ending data collection and moving onto collecting another feature along the
monitoring route(s). Using the Navigation feature and/or watching your progress along the
monitoring route on the Map screen will assist in knowing when you’ve arrived at a transect
location. Pause the GPS reception and enter the necessary data dictionary fields. Stop and
collect a point at sufficient distances to characterize the shape of the boundary line (Figure 1).

Figure 1. Locations where points are collected to describe the boundary between the wetted
channel and the active channel and the active channel and the active flood plain. Note that even
in long straight distances, some points are taken. As the line becomes more complex more points
are taken.
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Appendix A
File explanations:
Existing Data Files on GPSes:
• Park_RipEst – (Park Reach Establishment) This file may also contain potential center
points (locations not yet reconned) of riparian monitoring reaches.
Background Layers (Files):
• PARK_RdsTrls – This file contains the roads and trails for [park], and the park boundary,
as well as any previously GPSed route data to a reach.
• PARK_Strms – This file contains the “streams” (hydrography) for [park], and the park
boundary.

Basic instructions:
The following instructions are based on using a Trimble
GPS unit with TerraSync Professional GPS software
loaded. The directions below demonstrate one way of
recording and navigating through the screens and options
in TerraSync, not the only way to GPS the data needed for
riparian monitoring points.
Navigation:
To navigate to a point, open the file which contains the point you want to update. Change the
screen to the Map View (tap on the Data drop down, and choose Map).
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Using the Map Tools (the drop down menu directly underneath Map), use the Select tool to
select the point to which you wish to navigate. A box will display around the point.

Map Tools dropdown
menu, Select tool.

Click on the Options button, then Set Nav Target, then the point/file name. The selected point
will then be displayed with the target icon.
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Open the Navigation section (click on Map and choose Navigation). This will open the
navigation screen. As you move, this screen will display the information needed to navigate to
the point.

When you’ve reached your point and/or no longer need to navigate, select the Map screen, then
go to Options and select Clear Nav Targets.
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To bring in some background layers, tap the Layers button, then choose Background Files. You
can select one or more to display on the Map view (be aware all background files will display as
one color). Tap OK.

Tip – When navigating to a reach, use the reach centroid to navigate until you get fairly close to
the plot, then switch to using one of the transect end points so you won’t trample the transects
getting to the reach.
Once you’ve found your riparian reach, if it hasn’t previously been established, you’ll need to
GPS the centroid and each transect end point.
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To GPS (locationally
update) the reach centroid,
merely double tap the
reach center icon from the
map screen, and the data
dictionary fields for the
point will open
(EstPlotCenter). The only
item needed for a reach
center is the ReachID
which is already there, so
just let the GPS unit obtain
10 or so “hits” from the
satellites, and tap OK.

To GPS the transect start/end points, select the blue dot at the top and right of the map screen,
and choose Transects. Fill in the ReachID and TransPoint at a minimum, RebarMeters and any
comments if needed.
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If there are a fair number of trees/tree clumps, and relocation of those trees would be helpful in
relocating the plot/transects, use the CensusTrees feature in the data dictionary, and include the
tree tag number(s) and ReachID.

There are also three other point features, TranUnMon, CulturalPt, and Other. “TranUnMon”
should be used to GPS unmonumented transect endpoints. “CulturalPt” can be used to note the
location of some type of cultural resource, while “Other” can be used to note the location of your
vehicle or anything you want to record.
Hints for Trimble units:
• Log a point for a minimum of 10 (to 20) “hits” (about 10 seconds).
• Holding the power button down for 30 seconds will soft re-boot the XM GPS. Holding
the power button down for 60 seconds will hard re-boot the XM GPS. Neither of these
re-boots will lose any data, but you should recheck the coordinate system. You may need
to reboot if the screen freezes or if Terrasync does not load.
• To re-boot the Junos, there is a little hole on the top left side (next to the expansion card).
Push that with the tip of the stylus to re-boot the Juno.
• To conserve on battery life (generally 8 hours on XMs and 4+ hours on Junos), turn the
unit off if you aren’t using it to navigate. It is recommended that TerraSync be closed
prior to turning off the unit.
• On the Juno ST GPS units, there is a sliding button near the power button. If it is slid
down, this will “lock” the Juno off so it won’t accidentally turn on while bouncing
around in a backpack. Using this to turn the unit off (and on) seems to help conserve
battery life (and allows TerraSync to be left open).
• If the GPS gets disconnected, go to the Setup screen and
tap the GPS button on the upper right side. A little
connecting icon will appear as the unit reconnects to the
GPS. A satellite icon will replace the connecting icon
when TerraSync is reconnected to the GPS.
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•
•
•

As a general rule, if the battery life goes below 20% on the Junos, it’s time to replace the
battery. Close all files and exit TerraSync before switching batteries.
The NCPN has a copy of the TerraSync Users Guide, which goes into more detail about
the many functions of TerraSync. Please contact the GIS technician if you would like to
take a look at it.
Report any idiosyncrasies with the Trimble GPSes to the NCPN data management staff.

Appendix B

This graphic demonstrates the keys
of a Garmin 76 GPS unit, and their
functions. These keys are referred
to in the following instructions.
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1. To Connect GPS to Computer
• Either a serial or USB port cable will accompany the GPS unit. This is the cable that
connects the GPS receiver to your workstation computer, allowing the uploading and
downloading of waypoints.
• The serial or USB end of the cable attaches to your workstation computer. The other
cable end (below) inserts into the Garmin GPS unit (lift bottom of black flap on the back
of the GPS unit).

2. To change the displayed map projection:
• Turn on the unit by depressing the POWER key
• Set Projection
1. Access the Main Menu (press the MENU key twice).
2. Using the rocker key, scroll down to Setup and press the ENTER key
3. There are several tabs listed (General, Time, Units, Location, Alarms &
Interface) – using the rocker key, scroll over to the Location tab. Scroll down
with the rocker key to Location Format and press the ENTER key.
4. Scroll down the list of formats to UTM UPS, make sure this choice is
highlighted, and press the ENTER key.
5. Scroll down to Map Datum, press the ENTER key. Scroll down through the
Map Datum choices, press the ENTER key when NAD 83 is highlighted.
6. Press the PAGE key to get back to the “GPS Information” screen. (If the GPS
Information screen is not showing, press the PAGE key; it will cycle through
the screens). The bottom of the screen should now be displaying coordinates
as UTM.
3. Set GPS to log differentially correct data
• If not already on, power up the GPS
• Enable WAAS
1. Access the Main Menu (press the MENU key twice).
2. Using the key, scroll down to Setup and press the ENTER key.
3. There are several tabs listed (General, Time, Units, Location, Alarms &
Interface) – using the rocker key, scroll over to the Location tab. Scroll down
with the rocker key to General and press the ENTER key.
4. Scroll down to WAAS, press ENTER, highlight Enabled, and press ENTER
5. Press the PAGE key to exit Setup.
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4. In the Field - optional
• Collect (or mark) a waypoint
1. When at the observation location, check the GPS Information page for number
of satellites (4 or more needed) and accuracy (12 meters or less)
2. Press and hold the ENTER/MARK key until the Mark Waypoint Page is
displayed.
3. Using the Rocker key, change the waypoint ID.
4. Using the Rocker key, highlight “OK” and press ENTER.
• Navigation
1. Press the NAV key.
2. Select ‘Go To Point’ then press the ENTER key.
3. Select ‘Waypoints’ then press the ENTER key.
4. Select ‘your point’ then press the ENTER key.
5. Highlight the ‘GoTo’ button, press ENTER.
6. As you start walking, the Pointer will point to your destination.
5. Upload Background Data
• Upload background maps from MapSource (proprietary software) if needed.
• Upload waypoints using MN DNR Garmin freeware.
1. Connect GPS to the computer.
2. Turn GPS on, then open DNR Garmin, it will connect to the computer.
3. When the MN DNR – Garmin window opens, make sure that the projection is
set to UTM, NAD 83, zone 12N (unless at CURE or BLCA, which are zone
13N). Go to File, then Set Projection to change projection.

4. Click on File, then Load From. You can upload a .txt file, .dbf file, or a
shapefile. Navigate to the file you wish to upload and click Open.
5. A window will open prompting you select description information. Choose
appropriate fields for Ident (ID) and Comment and click OK.
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6. A window will open stating “File was loaded successfully from….”. Click
OK.
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7. Points will be displayed in the MN DNR – Garmin window.

8. If the points are correct, click on WAYPOINT on the top menu, then Upload.
9. A window will pop up stating “Transfer Complete. # points uploaded”.
6. Downloading Waypoints
• Download waypoints using MN DNR Garmin.
1. Connect the GPS to the computer and turn on the GPS unit, then open the
program DNR Garmin on the computer
2. From the DNR Garmin main menu, click on Waypoint, then Download. Your
data will appear in the MN DNR Garmin window. Elements to be included in
the downloading process are: type, ident, lat, long, y_proj, x_proj, comment,
altitude & model. These fields can be chosen by choosing Waypoint from the
main menu, then Waypoint Properties and checking only those fields.
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3. Click on File, and then Save To. Navigate to the proper folder on the
computer where GPS files are stored.
4. There are several file types which you can save the file as. The NCPN
recommends saving the data as a projected shapefile (*.shp) file.
5. Name the file with the date of download in the file name (e.g.,
Riparian_June10_09.shp) and click the Save button. A window will display
“File successfully written to …” .
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Big River Monitoring Protocol for Park Units in the Northern Colorado
Plateau Network
Standard Operating Procedure (SOP) # 4
Establishing a Sentinel Site and Setting up Transects
Version 1.00 (December 2011)
Revision History Log:
Previous
Version #

Revision
Date

Author

Changes Made

Reason for Change

New
Version #

This SOP describes the methods for establishing a new monitoring sentinel site and setting up
and relocating transects for vegetation monitoring and surveying. A list of necessary equipment
for these procedures can be found in SOP #1.
A minimum of a four-person team is needed to establish and set up the monitoring transects.

1. Sentinel Site Establishment
1.1 Sentinel Site Establishment - BLCA
Record directions to the feature
Write directions to the feature (beach-eddy, lateral bar, tip of debris fan, etc.) and include
sufficient detail for someone who has never been there to relocate it. Begin with road travel from
a designated location (such as the Red Rocks trailhead, East Portal hand cart) and the route used.
Describe (and photograph) landmarks used to navigate to the reach. Note particular obstacles or
hazards to be avoided at and en route to this particular site. Use specific language such as
“southwest” and “downslope” rather than ambiguous terms such as “left” or “below.” You may
also GPS the route (see SOP #3).
Establishing a monitoring feature (BLCA – East Portal and Red Rocks)
Three to four one-bank stub transects are placed on the feature (Figure 1). Transects are
numbered in sequential order, from upstream to downstream. Transects are spaced equally
throughout the feature.
A. Establish three control points that are permanent and elevationally stable.
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B. Establish head pins and an additional point for orientation of the transect. Record the
distance and orientation from the head pin to the orientation pin. Try to use as little metal as
possible. Hammer the rebar to within 5 cm of the ground surface. If on bedrock, mark the
location with chalk and place a headpin in line with the transect in the nearest possible stable
location.
C. Inscribe the feature number and transect number (e.g., 1-4 for Reach 1, Transect 4) on a
metal tag or rebar cap. Tags can be prepared beforehand in the office or in camp.
D. Attach the metal tag to the rebar using galvanized wire or gently hammer the cap onto the
rebar, protecting the cap with a leather strip.
E.

Survey the locations of the headpins, orientation pins and control points according to SOP
#5. Document the locations with notes and sketch maps. Record the bearing of the transect
in degrees (from right headpin to left headpin). Use true north (i.e., compass declination
should be set).

F. Take photographs to document the location of the headpins and unmarked origin or end (if
necessary), including the cliff line or other recognizable landmarks in the background.
a. Label a chalkboard with the park code, site, reach code, transect number, right
head pin or left head pin, and date (e.g., BLCA, EP, P-01, T3R, 14 Oct 2008).
b. Prop the chalkboard by the rebar and pin flag.
c. Take photos showing the rebar, chalkboard, and recognizable landmarks.
d. Record the photo information on the photo data sheet (see SOP #5).
e. Photograph the control points using the methods described in a.

G. Place a temporary piece of re-bar on the upland side of the permanent headpin. Use the
temporary re-bar to string a tagline from the permanent headpin to the temporary water
headpin. Using the temporary piece of re-bar for the tightening keeps the tugging and
pulling from the permanent headpin.
Setting up a transect
A. Have one person stand at each headpin location. On transects with thick vegetation,
additional people may be needed to stand in line with the headpins to provide an accurate
line of sight.
B. Drive a piece of rebar into the ground behind each transect headpin.
• Use the recorded azimuth to make sure the temporary rebar is in line with the permanent
transect and place an orientation pin (nail). Record the distance from the headpin and
azmuth that the orientation pin is placed.
• Leave adequate space above ground on the temporary rebar for attaching the tagline
and/or transect tape.
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C. Attach the Kevlar tagline and/or the transect tape to the temporary rebar on river right as you
face downstream.
• Use a cord to extend the transect tape such that the 0 m mark falls over the permanent
headpin.
• Do not attach to the permanent headpins, as this may cause the headpins to move.
H. Run the tagline and/or transect tape from permanent upland head pin to a temporary head
pin located at a safe wadeable distance into the river (usually about thigh deep, although it
could be less if the current is fast, hopefully this is 5 m farther than the 300 cfs flow line).
Life jackets should be worn while establishing this headpin.
• To avoid trampling vegetation sampling areas, walk on the downstream side of the
transect whenever possible.
• Keep the tagline and/or transect tape as straight as possible, both vertically and
horizontally. Thread through vegetation as necessary.
• Check the length of the transect at establishment to make sure you are within 0.5 m of the
original length during a re-visit.
D. Tighten the tagline and/or transect tape.
E. Adjust the tagline and/or transect tape as needed.
• Whenever possible, the line should not rest against any tree trunks or other obstacles such
as boulders or debris (Figure 3).
• Obstructing branches can be moved or tied back with flagging.
F. Attach the tagline and/or transect tape to the temporary rebar in the water.
G. If using both a tagline and a transect tape, run the tagline first, make any necessary
adjustments, and then run the transect tape. Take up any slack in the tape by tying it to the
tagline with flagging at regular intervals. This step is especially important in windy
conditions.
H. Begin sampling.

1.2 Sentinel Site Establishment – CANY and DINO
Record directions to the feature
Write directions to the feature (beach-eddy, lateral bar, tip of debris fan, etc.) and include
sufficient detail for someone who has never been there to relocate it. Begin with nearest river
mile and describe (and photograph) landmarks used to navigate to the feature. Note particular
obstacles or hazards to be avoided at and en route to this particular site. Use specific language
such as “southwest” and “downslope” rather than ambiguous terms such as “left” or “below.”
You may also GPS the route (see SOP #3). On the Yampa River, directions may also include
hiking in from the Yampa Bench road for the Harding Hole and Laddie Park sentinel sites.
Establishing a monitoring feature (CANY and DINO)
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At CANY and DINO there are only permanent control points. There are no permanent
vegetation plots or transects.
A. Establish three control points that are permanent and elevationally stable. Try to use as little
metal as possible. Hammer the rebar to within 5 cm of the ground surface. If on bedrock,
mark the location with chalk and place a headpin in line with the control point in the nearest
possible stable location.
B. Inscribe the feature and control point number on a metal tag or rebar cap. Tags can be
prepared beforehand in the office or in camp.
C. Attach the metal tag to the rebar using galvanized wire or gently hammer the cap onto the
rebar, protecting the cap with a leather strip.
D. Survey the locations of the headpins according to SOP #8. Document the locations with
notes and sketch maps.
E. Take photographs to document the location of the control points, including the cliff line or
other recognizable landmarks in the background.
a. Label a chalkboard with the park code, site, reach, control point number, right
head pin or left head pin, and date (e.g., DINO, HH, CP-01,14 Oct 2008).
b. Prop the chalkboard by the rebar and pin flag.
c. Take photos showing the rebar, chalkboard, and recognizable landmarks.
d. Record the photo information on the photo data sheet (see SOP #5).
F. Walk around the feature to get a feel for the flood zone, active floodplain, and inactive
floodplain boundaries. While walking the feature, measure the length of the feature in
paces.
G. Place temporary pin flags at the boundary of the flood zone and the active flood plain.
H. The goal is to place 75-100 vegetation plots in the flood zone and the active flood plain.
Divide the total length of the feature by 10. Write the number down, this is the transect
spacing number. While walking the boundary of the flood zone and the flood plain, pace off
the transect spacing number. Using a random number table send a plot flagger out several
different random number of paces to establish plots in the flood zone. At the same time a
second plot flagger can be sent out at a different random number of paces in the active flood
plain. At each plot a pre-numbered sequential pin flag is places designating it as a flood
zone or active flood plain plot (FZ1, FZ2, FZ3…AFP1, AFP2, AFP3….) There is a bit of an
art to the number of plots at each transect spacing #. The features are often wider at the
middle and narrower at the upstream and downstream ends. The goal is to place plots
roughly proportionate to the width of the feature at the different transect spacing numbers.
I. Begin sampling.

2. Restablishing a Sentinel Site
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2.1 BLCA
Relocating the transects
A. Use the site description, topographic maps, GPSed coordinates and routes, and photographs
to navigate to the sampling feature.
B. Use UTMs, azimuths, and photographs to locate the control points, transect headpins and
associated orientation pins.
• If the rebar is missing, use the information provided by the sources above to relocate the
headpin/control point/orientation point as accurately as possible.
• If the headpin/control point/orientation point location is no longer available or has
become unstable (e.g., active erosion zone, tree fall, etc.), establish a new location along
the same azimuth as the previous headpin. If a headpin is moved, remove and relocate
witness tree markers as needed.
• Document the new headpin/control point/orientation point using the guidelines in
Section 1.1 above.
C. Place a pin flag or flagging at the control points and headpins.
D. Proceed as described in Section 1.1.C.

2.2 CANY and DINO
A. Use the site description, topographic maps, GPSed coordinates and routes, and photographs
to navigate to the sampling feature.
B. Use UTMs, azimuths, and photographs to locate the control points.
• If the rebar is missing, use the information provided by the sources above to relocate the
control point as accurately as possible.
• If the control point location is no longer available or has become unstable (e.g., active
erosion zone, tree fall, etc.), establish a new control point. If a control point is moved,
remove and relocate witness tree markers as needed.
• Document the new control point using the guidelines in Section 1.1 above.
C. Place a pin flag or flagging at the control points.
D. Proceed as described in Section 1.2.F
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Figure 3. Diagram of Kevlar tagline established between two rebar headpins. Always establish
taglines as taut as possible. If the line runs through vegetation, make sure that branches do not
cause the line to bend. Vertical elevations are exaggerated in this diagram.

References:
Montgomery, D.R. and J.M. Buffington. 1993. Channel classification, prediction of channel
response, and assessment of channel condition. Report prepared for the SHAMW
committee of the Washington State Timer/ Fish/ Wildlife Agreement. Report TFWSH10-93-002.
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This SOP provides instructions for taking photographs at each reach during vegetation sampling.
Monitoring photos are taken at each transect headpin and at mid-channel. Reference photos are
taken as part of the sentinel site establishment (SOP #4).

Photo Points
Photos are taken using a digital camera. If a film camera must be used, procedures are the same,
but the film-roll information is also recorded in the photo # column on the data sheet.
Fill out the top of the data sheet:
Park Code – The four letter park code
Feature ID – The feature ID number
Date – Use the format mm/dd/yyyy

1. Transect Photos - BLCA
Take transect photos from each end of each stub transect while the meter tape or tagline is
stretched out along the transect and a pin flag is placed at the ends of the transect.
A. Label the chalkboard with the information below and lean it next to the rebar marking
the end of a transect.
Site – Park code and Site ID number (e.g., BLCA-EP)
Date – mm/dd/yyyy, e.g., 08/22/2010
Transect # and side - i.e., #1-4 and R = river right, L = river left when facing
downstream
If you are having difficulty propping up the chalkboard, use additional objects behind it
rather than including field crew members or their body parts in the photos. You can also
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hang the chalkboard on vegetation.
B. Stand at the headpin of a transect, set the camera body on top of a fully extended laser
monopod (1.5 m in height) and point the camera down the transect.
C. Orient the camera so that it is rotated 90˚ and takes a vertical (portrait) format photo.
D. Check to ensure that the chalkboard is visible at the bottom of the field of view and the
tape or tagline is visible in the middle of the photo.
E. Take a photo and record the photo information on the data sheet. Record the location of
the photo point as 0 m on river right or as the meter location to the nearest 0.1 m of the
transect end on river left.

2. Feature Photos (BLCA)
A. Stand at the streamward end of the downstream most transect and center the camera on
the pin flag at the streamward end of the upstream most transect. Set the camera body
on top of a folding engineer ruler or monopod extended to 1.5 m high, and point the
camera upstream.
B. Orient the camera so that it takes a horizontal (landscape) format photo.
C. Take a photo and record the photo information on the data sheet. Record the approximate
location of the photo point along the transect tape, rounding to the nearest 0.5 m.
D. Stand at the streamward end of the upstream most transect and center the camera on the
pin flag at the streamward end of the downstream most transect. Set the camera body on top
of a folding engineer ruler or monopod extended to 1.5 m high, and point the camera
upstream.
E. Orient the camera so that it takes a horizontal (landscape) format photo.
F. Take a photo and record the photo information on the data sheet. Record the approximate
location of the photo point along the transect tape, rounding to the nearest 0.5 m.
G. If the picture cannot obtain an adequate picture of the feature go to a meter mark that is
closest to the river and take the picture. Record the meter mark and take all future pictures
from this location.

3. Photosynth (DINO and CANY)
These directions are modified from directions found on at www.photosynth.net (last accessed
12/14/2011).
A. Start by walking around the outside of the border (inactive floodplain) of the feature. It‘s
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important to get lots of overlap around a feature and to walk around it. You‘ll want to take a
photo approximately every 15 degrees (Figure 1). Fifty to 100 pictures is not uncommon.
Make sure that the center of the feature is in the middle of the picture, and that the picture
frames the entire feature.

Figure 1. Depicts the number and angle of pictures necessary to get an feature covered with
Photosynth.
B. Whenever possible make sure the most interesting parts of the synth can be completely
seen in at least one image (i.e. control points). Make sure there's at least one photo that
shows the control point and associated landmarks in the middle of the picture. The synther
doesn't need that shot but users will appreciate the context.
C. Next go to the center of the feature, or a high point on the feature where you can see all
of the feature. Standing in the center of the feature with your camera zoomed wide. Spin
around, taking overlapping shots as you go. Make sure successive photos are overlapped by
at least 50%. Depending on how wide your lens goes, you‘ll probably need to take 15-30
photos to go all the way around (Figure 2).
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Figure 2. Pictures taken from the center of the feature.
D. Remember the “Rule of 3”. Each part of the feature you‘re shooting should appear in at
least three separate photos taken from different locations. This rule means that you are going
to shoot a lot more photos for a synth than you would for any other purpose.
E. Panorama first, then move around. Start by taking a panorama of your feature, then move
around and take more photos from different angles and positions. If you just do a panorama
you won‘t end up with a good 3-D experience.
F. Have lots of overlap when shooting panoramas. Try for at least 50% overlap between
photos.
G. Limit the angles between photos. When moving around objects, try to get one photo
every 25 degrees or so. That will make the synth work better. Larger angle differences on a
subject won‘t match up.
H. Don’t crop images. It confuses Photosynth.
I. Shoot wide shots. Wide angle shots (photos taken from farther away, or with your
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camera‘s lens zoomed all the way out) reconstruct more reliably than closer shots. It‘s good
to have close-ups, too, but you‘ll want to have good coverage of your subject with lots of
nice overlapping wide shots.
J. Orientation. Make sure your photos are all right-side-up before you start synthing.

4. Other Photos
Crew members are encouraged to take other photos to document specific aspects of a reach or to
provide scenic or fieldwork photos for publications.
A. Fill in the type of photograph: archeology, disturbance, fauna, fieldwork, flora, scenic, or
other.
B. Record the photo number and a description of the photo.

Photos

Data entered by:

Park Code:

Reach ID:

NCPN Riparian Monitoring
Transect and Mid-Channel Photos
Transect Direction
Photo #
1

Left Pin

1

Facing Upstream

1

Facing Downstream

1

Right Pin

2

Left Pin

2

Facing Upstream

2

Facing Downstream

2

Right Pin

3

Left Pin

3

Facing Upstream

3

Facing Downstream

3

Right Pin

4

Left Pin

4

Facing Upstream

4

Facing Downstream

4

Right Pin

5

Left Pin

5

Facing Upstream

5

Facing Downstream

5

Right Pin

6

Left Pin

Date:
Photographer
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Location (m)

6

Facing Upstream

6

Facing Downstream

6

Right Pin

7

Left Pin

7

Facing Upstream

7

Facing Downstream

7

Right Pin

Other photos
Type

Photo #

Photographer

Type = archeology, disturbance, fauna, fieldwork, flora, scenic, other

Description

Transect Establishment Photos
Transect

Direction

1L

Upstream

1L

Downstream

1R

Upstream

1R

Downstream

2L

Upstream

2L

Downstream

2R

Upstream

2R

Downstream

3L

Upstream

3L

Downstream

3R

Upstream

3R

Downstream

4L

Upstream

4L

Downstream

4R

Upstream

4R

Downstream

5L

Upstream

5L

Downstream

5R

Upstream

5R

Downstream

6L

Upstream

6L

Downstream

6R

Upstream

6R

Downstream

7L

Upstream

7L

Downstream

7R

Upstream

7R

Downstream

Photo #

Photographer
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This SOP describes methods used to conduct vegetation sampling at a sentinel site feature. At
BLCA vegetation sampling includes cover of indicator species along permanent repeated crosssections in a 1-m belt and a plant walk documenting all species on the feature. At CANY and
DINO vegetation sampling includes cover by species in non-permanent 1 m2 quadrats and a plant
walk.
After transect and plot establishment, vegetation sampling can generally be done by one person
in a time about equal to the geomorphology sampling by three people. If available a two-person
team comprised of a data recorder and an observer skilled in plant identification can efficiently
complete the tasks described below.

1. One Meter Belt Transects - BLCA
A. Fill out the top of the data sheet including:
Park Code: Use the standard 4-letter code to indicate the park unit.
Reach ID: A pre-assigned, unique code provided for each stream reach.
Transect #: 1-4, upstream to downstream.
Observer: Record the initials of the person calling out the intercept data if applicable.
Recorder: Record the initials of the person recording the data.
Date: mm/dd/yyyy
B. The tagline is a continuous 1-m belt transect that is surveyed in a series of 1m2 plots.
Place the plot frame at each 1x1 m plot upland and streamward distance along tag line.
C. Record canopy (above 1.5 m) cover (plan view projection of outline polygon of plant) of
woody species (by species) regardless of where plant is rooted to nearest 5% cover.

D. Record total plant cover below 1.5 m – same basic approach as C above except recording
only total (not to species, including woodies and non-woodies as well as parts of canopy
plants) vegetative cover occurring below 1.5 m plane. In other words, using a plan view
projection from 1.5 m down of outline polygons of plants to nearest 5% pooling all live
plant species and not double counting overlapping areas (i.e., 100% is max). This
measurement will continue into the inundated channel recording total plant cover (not to
sp) of rooted or attached macrophytes and filamentous algae (long enough to move with
current, about ½ cm).
E. Presence of indicator species with absence assumed for no entry. Write in spp code in
fields of plot row where it occurs. Checklist of spp at top of form for each transect for
affirmative recording that the species was looked for throughout the transect. Preliminary
list of indicator species (add as desired) is
1. Sandbar willow
2. Box elder
3. Green ash
4. Hackberry
5. Russian olive
6. Salt cedar
7. Reed canary grass
8. Eleocharis – indicator of aquatic-hydric positions
9. Filamentous algae (for aquatic plots)
10. weeds of concern ??
F. Record modal particle size (Wentworth scale) – plan view projection, not including litter
or organic.
Modified Wentworth Scale
1. Class Size range (mm)
2. Sand, silt, clay <=2
3. Fine Gravel >2 to 4
4. Medium Gravel >4 to 8
5. Coarse Gravel >8 to 16
6. Small Pebble >16 to 32
7. Large Pebble >32 to 64
8. Small Cobble >64 to 128
9. Large Cobble >128 to 256
10. Boulder >256 to 512
11. Bedrock, Hardpan >512

G. If there are more than 2 botanists, at least once per day cross calibrate on cover and
particle size estimates including some recorded replicate measurements.
H. After all belt transects are done on a feature conduct a timed search for the presence of
additional species.

Figure 1. Two features and associated one bank stub transects with plot layout along continuous
belt transect.

2. One Meter Square Plots – DINO and CANY
A. Fill out the top of the data sheet including:
Park Code: Use the standard 4-letter code to indicate the park unit.
Reach ID: A pre-assigned, unique code provided for each stream reach.
Transect #: 1-7, upstream to downstream.
Observer: Record the initials of the person calling out the intercept data if applicable.

Recorder: Record the initials of the person recording the data.
Date: mm/dd/yyyy
B. Vegetation surveying will consist of randomly locating 50 to 75 (layout described in SOP
4), 1 m x 1 m plots on both the flood zone and the active flood plain.
C. Record vegetation cover by species
D. Record modal particle size (Wentworth scale) – plan view projection, not including litter
or organic.
Modified Wentworth Scale
12. Class Size range (mm)
13. Sand, silt, clay <=2
14. Fine Gravel >2 to 4
15. Medium Gravel >4 to 8
16. Coarse Gravel >8 to 16
17. Small Pebble >16 to 32
18. Large Pebble >32 to 64
19. Small Cobble >64 to 128
20. Large Cobble >128 to 256
21. Boulder >256 to 512
22. Bedrock, Hardpan >512
E. If there are more than 2 botanists, at least once per day cross calibrate on cover and
particle size estimates including some recorded replicate measurements.
F. After all belt plots are done on a feature conduct a timed search for the presence of
additional species.

Figure 2. One feature with geomorphic surfaces and plot locations (actual feature would have
more plots).

3. Unknown Plants
Sometimes it may be difficult or impossible to determine the specific identity of individual plants
encountered during sampling. Crews may be unfamiliar with a plant or unable to distinguish one
species from other similar species at the time of sampling. Before sampling, review previously
collected unknown species from the stream and use existing unknown names whenever possible.
When an unknown plant is encountered
A. Search the immediate area surrounding the point or transect, looking for specimens of the
unknown plant that are more readily identifiable (i.e., due to the presence of flowers or
fruits from current or previous seasons).
B. If an identifiable specimen cannot be found, create a unique name using the following
code: unk + 4 letter park code + reach number + your initials + collection number for the
reach (e.g., unkZION-P1-ST1). Record this code in the appropriate column on your
vegetation sampling datasheet instead of the species name.
C. Take a photograph of the unknown plant.
D. As you proceed through the reach, continue to attempt to find identifiable specimens of
unknowns.
E. It is permissible to identify a plant only to the genus level if no identifiable parts are
present for keying, or if hybridization makes species delineation difficult. Record the full
Latin name of the genus followed by “sp.” (e.g., Opuntia sp., Tamarix sp., etc.).
Collecting unknown plants
Once it has become apparent that no identifiable plants can be found or that a plant with
identifiable features cannot be keyed out in the field, a collection of the plant should be made.
A. Collect specimens from outside of the monitoring transects whenever possible.
B. Attempt to collect as many identifiable parts as possible, including flowers, fruits,
leaves, and roots. It is especially important to collect roots of forbs and grasses. You
may need to collect from more than one plant to achieve this goal.
C. If you must collect from a monitoring feature, remove only a minimal amount of plant
material. Do not remove roots of perennial species that are collected within the
transect.
D. Wrap a piece of masking tape around the plant and use a fine-point Sharpie to label it
with the unknown species code.
E. Carefully place the specimen inside a resealable plastic bag labeled with the reach
number, unknown species code, date, and collector.
F. Place the sample in your backpack and in a shady spot until you get back to camp.
Attempt to identify the plants when you return to camp.

G. If the specimen cannot be identified right away, preserve the bag in a cooler as soon as
possible. Make sure the specimen does not get wet. If a cooler is not available, press
the plant between two sheets of newspaper.
H. Fill out an unknown species datasheet for each specimen. It is especially important to
fill out datasheets for specimens that do not have identifiable characteristics in this
sampling year, but may be identified in future years.
Datasheets
When filling out the datasheet, give a detailed description of each characteristic. This allows
greater potential for future identification when crews return to the site. Fill in the top of the data
sheet and record the following information:
• Unknown Code: unk + 4 letter park code + reach number + your initials + collection
number for the plot (e.g. unkZION-P1-ST1).
• Plant type and General Description: Circle the appropriate categories and provide a
succinct description of the overall appearance (e.g., tiny Eleocharis).
• Most Salient Feature: A unique characteristic that identifies the plant from others.
• Leaf Characteristics (optional): Describe the leaf type, leaf margin, leaf surface,
petiole, etc.
• Stem Characteristics (optional): Describe the shape, pubescence, markings, and color
of the stem, as well as the bud characteristics.
• Flower Characteristics (optional): Describe the floral formula, location (axillary or
terminal), habit (indeterminate or determinate), pubescence, and color.
• Microhabitat Characteristics: Describe the microhabitat in which it was found if
unique on the plot (e.g., wash bottom, limestone outcrop, etc.).
• Collected: Circle yes or no, whether a specimen was collected.
• Best Guess: Preliminary guess about species in field.
Annotating datasheets
When updating data collection data sheets with identified plants, draw a line through the
unknown code and write in the correct species code in the nearest available space. Initial and
date the change on the datasheet.
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This Standard Operating Procedure (SOP) describes the rapid assessment procedures for CANY
and DINO.

Geomorphology
A. Using the directions found in SOP 3, the user will delineate the wetted – flood zone and the
flood zone – active flood plain boundaries. This will be done using the point feature (Figure
1).
B. During GPS geomorphology walk, record approximate length of feature by pacing.

1. Vegetation
B. Using the length of the feature derived during the geomorphology measurements,
conceptually (don’t actually take the time to lay these transects out prior to monitoring)
place 5 transects equidistant from each other perpendicular to the water’s edge that run from
water’s edge to the boundary of the active flood plain. For example if the feature is 100 m
long, divide 100/6 = 17, then place transects at 17, 34, 41, 68, and 85 m from the
downstream edge of the feature (Figure 2). All transect placement is done by pacing.
C. Proceed to the first transect, pick a point in the uplands that is perpendicular to the stream
and run your transect towards that point. Place a plot approximately half way in the water
and half way on land. Then place additional plots every 3 m. Record the percent cover of
all vegetation in a 1 m by 1 m plot. Many cover estimates will be <5% cover. Record the
presence/absence of the following indicator species:

1.
2.
3.
4.
5.
6.
7.
8.

Apocynum cannabinum (Active Channel)
Eleocharis palustris (Active Channel)
Salix exigua (Active Floodplain)
Equisetum hyemale (Active Floodplain)
Distichlis spicata (Inactive Floodplain)
Pascopyrum smithii (Inactive Floodplain)
Conyza candensis (Inactive Floodplain)
Tamarix ramosissima (Inactive Floodplain)

Figure 1. Locations where points are collected to describe the boundary between the wetted
channel and the active channel and the active channel and the active flood plain. Note that even
in long straight distances, some points are taken. As the line becomes more complex more points
are taken.

Figure 2. Locations where plots are placed for vegetation measurements.

1. Photosynth
Follow the instructions found in SOP 5.3.
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This SOP gives detailed instructions for surveying the stream channel using a total station and
post-processing survey data after returning from the field. A list of necessary equipment for
these procedures can be found in SOP #1.
A three-person team comprised of a survey lead and two rod persons can efficiently complete the
tasks described below. The survey lead should be skilled in total station operation at remote
field sites and have experience with rod duties (i.e. running rod) and post-processing survey data.

1. Surveying
1.1 Establishing the survey layout
A. Locate headpins (BLCA only) and control points for all transects at the reach, and mark
with pin flags and flagging.
A.
B. Identify potential instrument setup locations, including occupied points and backsight
positions. The survey lead should determine these locations with the help of one of the
other crew members to check lines-of-sight. Make sure to describe these locations in the
field notes.
Survey field notes (see Figure 1 for an example)
• Record the date, park unit, ReachID, field crew members and their duties (i.e. total
station operator or rod crew), scale factor, and general notes (foliage present,
weather conditions, etc.).
• Record all rod heights before the survey begins.
• Make a list of surveyed control points including detailed descriptions of all occupied
points, backsights, and reference marks shot during the survey.
• Document instrument and backsight heights for each occupied position.
• Record the numbers of the photos taken at each control point and reference mark.
• Record stub transects and stream profile points. These may be grouped in your notes
since details of every point are stored in the datalogger.
• List all errors made during the survey so they can be corrected later (e.g. mis-naming
of points and rod height errors).
• Define all codes that are not established in Table 1 of this SOP.
• Sketch the reach including relative locations of transects, reference marks,
instrument setups, and the riparian corridor.
Table 1. Definitions and abbreviations for survey terminology.
Survey terminology

Code

Definition

Occupied point

OP

Points occupied by the total station during a survey

Backsight position

BS

Points previously occupied by the total station used to
maintain survey control

Control point

CP

Occupied point or backsight location

Reference marks

RM

Other points used as controls, but not used as instrument
setups

Instrument height

HI

Height of the total station above the top of the rebar marking
an occupied point

Backsight height

HR

Height of the backsight prism above the top of the rebar
marking a backsight position

Top of headpin
Headpin ground surface

XSTOP
XSGS

Shot taken with the rod on top of the headpin
Shot taken with the rod on the ground surface next to each
headpin

Bankfull elevation

BF

Shot taken with the rod at bankfull elevation

Edge of water

W

Shot taken with the rod at the edge of flowing water

Cross-section transect points

XS

All other points shot along each transect, including shots
taken at 1-m intervals and at surface breaks

Thalweg length

TL

Shots of the thalweg

Channel Unit Perimeter

U

Point describing channel unit perimeter within the wetted
channel, also describes the wetted channel topography.

Channel Topography

TOPO

Points describing the channel topography.

Maximum Depth

MAX

Points describing the maximum depth of slow-water channel
units.

Tail Crest Depth

TC

Points describing the tail-crest depth of slow-water channel
units.

Toe of Bank Line

TOE

Points making lines describing the toe of bank line, or the
line separating the active channel from the beginning of the
bank.

Bankfull Elevation

BF

Points making lines describing the bankfull elevation.
Points making lines describing extent of the survey, beyond
inactive floodplain.

Extent of survey

BIFP

Active Channel

AC

Boundary of the active channel

Active Floodplain

AFP

Boundary of the active flood plain

Inactive Floodplain

IFP

Boundary of the inactive flood plain.

High Water

HW

High water mark when it can be determined for the year that
the survey is occurring.

B.
C. Monument the initial occupied point and backsight position. Flag the area around the
instrument setup for easy visibility while surveying. The initial backsight will ideally be the
second occupied point.
Monuments
All permanent monuments must be cleared ahead of time with the park unit. Check to
see what is permitted before you leave for the field. Permanent monuments are
typically established with 0.5-m lengths of 3/8” rebar. Place an aluminum cap on top of
the rebar stamped with NCPN, the FeatureID, and the appropriate code for the control
point.

Date:

Park:

Point no.

OP

1

CP 1

2

ReachID:

BS
CP2

3

Crew:

Scale factor:

Notes

Conditions:

# of rods

RHs (m)

rebar with aluminum cap "CP1", HI = 1.452 m

1

1.853

high point on boulder ~210 m DS of CP1; valley left; 4 m up on bench

2

3.054

(photos- P8090402, P8090403, P8090404) --shot with rod

3

etc.

RM 1 is the obvious knob on a grayish 10-ft boulder on valley right

4

~60 m US of CP1 (photos- P8090405, P8090406, P8090407)

5

100-152

XS1 starting at left pin

6

153-206

profile from DS of XS 1 through XS2

TURN TO CP3
4

CP3

high point on reddish, flat 12 ft x 5 ft x 8 ft boulder, valley left, at base of bluff
(photos- P8090408, P8090409, P8090410, P8090411), HI = 1.530 m

2

CP2

setup tripod BS; RH = 1.278 m

5

re-shot RM 1

6

RM 2 is the high point on oblong reddish boulder, valley right, ~120 m DS of CP3. Boulder is
~4 ft x 4 ft x 6 ft, near bases of 3 much larger, whiter boulders (photos- P8090412, P8090413,
P8090414). HI = 1.530 m

210-264
260

profile from XS2 through XS4
2 RH not 4

265-304

XS2 starting at right pin

305-348

XS3 starting at right pin; incomplete; flagged for completion from CP4

TURN TO CP4…
Codes
DS = downstream
US = upstream

Figure 1. Example of survey field notes. Codes are defined in Table 1.

D. Locate at least two reference marks. These are best located on bedrock or very stable
boulders. Reference marks provide a control on survey precision and are used to
triangulate positions if monuments marking instrument setups are lost. Any benchmarks
located near the reach should be used as reference marks. Make sure to describe these in
the field notes.
E. Take photos of each control point and reference mark. The photos should include 1) a few
shots with enough background topography for anyone returning to the reach to find the
approximate location, and 2) at least one close-up of the precise position of the point.
C.
The next section describes steps to set up the total station, datalogger, and backsight. Most of
these steps are performed by the survey lead while the rod crew members run the tagline (BLCA)
or lay out plots (DINO and CANY) (see SOP#4 for instructions) for two adjacent transects,
install monuments, take photos, and hold the rod for any control shots.
D.
F. Set the initial parameters in the total station.
E.

F. Elevation - Enter the appropriate elevation (see instrument documentation for
instructions).
G.

H. Units - Change from “survey feet" to "meters."
I.
G. Set the initial parameters in the datalogger. Turn off all unnecessary features and make sure
the datalogger is set to automatically shut off. Make sure to change the battery before it
is fully discharged or all data that was not backed up could be lost. Set the datalogger
to perform hourly backups during the day and a daily backup in the evening. In addition,
enter the following information:
J.

K.

Earth curvature - Turn this off. It is not necessary for reach lengths < 600 m..

L.

M. Scale factors - Obtain these for the coordinates of the reach centroid from the
CONUS website.
N.

O.

Datum and zone – Enter the appropriate information for the reach.

P.

Q. Initial instrument setup coordinates - Enter 5000, 5000, 1000 (northing (Y),
easting (X), and elevation (Z) coordinates, respectively) for point 1. The initial survey
at each reach establishes an arbitrary coordinate system that is translated and rotated
into UTM coordinates during post-processing in the office.
R.

S. Initial backsight coordinates - Enter 5050, 5000, 1000 for point 2. This
establishes a temporary point for the backsight and sets the initial backsight angle to 0°
(assumed due north) from the instrument setup. The actual shot on the backsight will be
stored as detailed below with the correct distance and elevation of the backsight point.
The coordinate for the new point will therefore have a northing value consistent with its
distance from the occupied point, an easting value of 5000, and an elevation consistent
with its elevation relative to the occupied point.
T.

H. Set up the total station in the initial occupied point, using standard leveling procedures.
Measure the height of the instrument, to the nearest millimeter, from the top of the
permanent rebar. Document how the measurement was obtained in the field notes.

U.
I. Use the engineering tape to measure the height of each rod, to the nearest millimeter, from
bottom of rod to center of prism. Make sure that prisms are set so that the heights of both
rods are identical. Always raise the rod from the top section (the smallest rod), followed by
the next-to-top section, etc. Document rod heights in the field notes (e.g.1RH = 1.768 m,
2RH = 2.987 m, 3RH = 4.151 m…6RH = 7.680 m).
J. Set up the backsight in the initial position. If the backsight will be established with a
tripod/tribrach/prism, set up the tripod and tribrach using standard leveling methods.
Measure the height, to the nearest millimeter, from top of the permanent rebar to the center
of the prism. If the backsight will be established using a rod and prism, make sure it can be
shot at a single rod since higher rods are less precise.
V.
K. Use the arbitrary backsight coordinates entered for point 2 to orient the total station at the
start of the survey. Sight the backsight prism precisely on the center. If a rod is used to
shoot in the backsight, use the total station crosshair to ensure that the prism is on a precise
vertical line above the backsight point and a rod level to ensure front-to-back leveling.
Make sure that the crosshairs visible through the total station sight are sharp and dark to
reduce parallax, then set the total station angle to zero (i.e. zeroing the instrument). Make
no changes along the horizontal axis once the total station has been zeroed.
W.
L. Check the datalogger entries before performing the backsight circle and backsight check
routines.
Point 1 (occupied point; typically the same as control point 1)
coordinates = 5000, 5000, 1000
make sure instrument height is correct
Point 2 (backsight position; typically the same as control point 2)
coordinates = 5050, 5000, 1000
make sure rod or tripod height is correct
X.
M. Select "circle" from the backsight setup screen. At the next screen, select "Read from
Instrument." This enters the correct 0° angle in the datalogger. Return to the backsight
setup screen and select "Check." At the next screen, first select "By Angle" to store the 0°
angle, and then select "By Distance" to double-check that no movement of the backsight
prism or the total station has occurred. Because you are using the coordinates of the
temporarily stored backsight point, the report will show a horizontal distance error that can
be ignored. The vertical distance error, however, should be 0.000.
Y.
N. Now the actual location of the backsight can be established. Exit the backsight setup screen
and go to the "Traverse/Sideshot" menu. The foresight number should automatically be set
to "3." Make sure that the height shown on the screen is the same as the tripod or rod height
at the backsight. Shoot the point. Enter a description (e.g. BS1 = CP2) and store the point.
Return to the backsight setup screen. Change the backsight point to "3." Rerun the two
backsight checks described above. Both the horizontal and vertical distance errors should
now be 0.000.
Z.

O. If one or more reference marks have been established, shoot those points next. All control
shots (occupied points, backsights, and reference marks) should be given point numbers
from 1 to 100. Use point numbers > 100 for transect and stream profile shots. Make sure
that all control shots are documented in detail in the field notes.
1.2 Surveying transects - BLCA
Shots along each transect are taken at 1) one-meter intervals marked on the tagline, 2) slope
break points that provide an accurate depiction of topography (see Figure 2), and 3) the edge of
the water.

AA.
Figure 2. Example of slope breaks points (red)
and one-meter intervals (black) surveyed.
BB.
CC.
A. Begin at any location along the tagline. Shoot as much of the transect as possible from
initial instrument setup. Use codes in Table 1 to name shots in the datalogger and field
notes (see Figure 1). Code names for each point should include the transect number, but
there is no need to distinguish between 1-m interval shots and slope break shots along the
transect.
DD.
Rod technique
Raising the rod – Shots are generally taken at the lowest rod height (1 rod) unless there
is an obstruction. If the total station does not have a clear line of sight to the prism, try
raising the rod, one section at a time, until the shot is successful. Always raise the rod
from the top section (the smallest rod), followed by the next-to-top section and so forth.
Make sure each time you raise a rod that it snaps into place before the shot.
Rod positioning - Each shot should be taken with the rod flush against the downstream
side of the tagline. Use the rod level to make sure that you are holding the rod precisely
vertical. When two crew members are running rod, they should "leapfrog" across the
tagline or down the profile for the greatest efficiency.
Communication - Use radios to communicate. The survey lead uses an ear piece and
microphone attached to the radio to free their hands for operating the total station and
datalogger. The rod person should always let the total station operator know how many
rods are up before the shot is taken. The total station operator will let the rod person
know when the shot has been successfully completed. When two rods are being using
to survey a transect, only the prism of the current shot should be facing the total station

operator. Crew members running rod need to make sure their prisms are facing away
from the total station while setting up for their next shot. Any shot errors (e.g. rod not
raised to full height, incorrect rod height relayed to survey lead) should be relayed to
the survey lead immediately, documented, and corrected by re-taking the shot, if
necessary.
Shooting through dense vegetation
If you are unable to get a shot at any of the standard rod heights, the following
alternatives may be attempted.
•

•

•

Move the rod slightly upstream or downstream while keeping the bottom of the rod
on the same geomorphic surface. The rod person will need to estimate the distance
upstream or downstream of the tagline and relay this to the total station operator to
document in the field notes. Make sure to level the rod in the new location.
EE.

Use an alternative rod height. The total station operator finds a section of the rod
that is visible and sets the crosshairs to the elevation shown on the rod face (e.g. 1.5
m). The rod person then adjusts the rod so that the prism is at this height. The total
station operator instructs the rod person to raise or lower the prism until it is
centered in the pre-set crosshairs, takes the shot, and enters the appropriate rod
height.
FF.

Take a shot using the horizontal or vertical offset functions in Survey Pro (see
instructions for the software).

B. Rod crew members should alert the total station operator when they reach a headpin. If it
has a permanent monument, set the rod on top of the rebar, notifying the total station
operator that the shot is “Top of Pin.” The next shot should be on the ground surface next
to the rebar. If endpoints are not monumented, shoot the ground surface at the pin flag.
Note that both headpins on a transect are coded with the same name.
C. After surveying transects along the tagline, use the data in the total station to extend the
transects beyond the headpins onto the upland terrace. Points should be surveyed at
approximately 1-m intervals and all surface breaks until you reach a very stable upland
surface, even when this surface is located behind the permanent transect headpin.
Woody debris and other obstacles along the survey transect
Where large woody or other debris precludes placing the base of the rod on the ground
surface, the rod person should place it on the object for the shot, and relay to the total
station operator the height of the debris above the ground surface. This can be measured
using the increments marked on the face of the rod. The total station operator should
document this information in the field notes in order to make later adjustments to the
survey data.
GG.
D. If you can shoot additional transects from the existing instrument setup, perform the
following checks before beginning the next transect.
• Check the backsight and correct any errors reported by the datalogger.
• Re-shoot any reference marks.

E. If the total station must be moved to accommodate the next transect, shoot as much of the
stream profile as possible before moving the instrument.
HH.
F. If a transect needs to be shot from two different instrument setups, mark the location
where you stopped surveying with flagging so that you can begin surveying at the correct
location from the new instrument setup.
II.
G. Follow the instructions in the next section to establish a new occupied point and continue
surveying.
1.3 Surveying – DINO and CANY
Shots are taken at each vegetation plot and then follow the CHAMPs methodology (Bouwes et
al. 2011) to create a continuous surface of topography for the feature. These methods are taken
with minor modification from (Bouwes et al. 2011). Features such as edge of water, the spatial
arrangement and perimeter of channel units, top and bottom of banks, and topographic points are
used to capture the shape and gradient breaks during the survey. A 3-dimensional topographic
surface of the feature is created by connecting a series of points that have X, Y, and Z
coordinates. During the survey of a site, the job of the person operating the rod is to effectively
and efficiently survey points and lines that will collectively represent the feature as accurately as
possible. The points selected by this person determine the ultimate utility of the site survey and
should be done carefully.
A. Survey in all vegetation plots as described in SOP 4 (Figure 3).
a. Collect points defining the perimeters of channel units. Beginning with the most
downstream channel unit collect points along the edge of water of the unit in a
manner that characterizes the plan form view of the unit. Label these wetted
perimeter points with a W followed by the channel unit number. Where the
perimeter of a channel unit is within the wetted channel label the point U followed
by the channel unit number.
b. Survey high water (HW) points when conditions are appropriate.
c. Collect points defining the perimeters of mid-channel bars. A mid channel bar is
completely surrounded by a wetted perimeter. Label these edge of water points on
the water points B followed by the bar number.
d. Perimeter points that are shared by multiple channel units or bars require
additional coding. Some perimeter points of channel units and bars will require
additional coding to represent the perimeters of two or possibly three channel
units or bars.
e. Locate and collect points at the maximum depth and tail crested depth of pools.
Label maximum depth points as MAX followed by the channel unit number.
Label crested depth points as PTC followed by the channel unit number. Pool
crested depth points also define the perimeter of multiple channel units and should
be additionally coded to reflect the perimeters of these units.
JJ.

KK.
Figure 3. Locations of vegetation plots to be surveyed in. The topographic survey should also
capture the boundaries of the geomorphic surfaces shown here.
LL.
B. Survey the perimeters of channel units and mid-channel bars. Figure 4 shows the
different points taken to define the plan form view of channel units and bars. Table 1
defines the codes used to delineate the survey points.
a. The channel topography survey captures the gradient changes of the active
channel. These topographic points should describe all features of the channel up
to and at least 1 m horizontally beyond the first flat floodplain found at or above
the bankfull elevation. Label these points TOPO.
b. TOPO points should be distributed longitudinally throughout the length of the
site, and extend laterally to the survey extent.
c. Spacing of topo points will depend on the complexity of a stream. A stream with
more gradient breaks or inflexion points will require a higher density of topo
points. The density and distribution of topo points will determine the quality of
the survey.
C. Survey breakline features and the extent of the active channel on both banks of the channel.
Figures 4 and 5 show the importance and placement of these breaklines.
a. Breakline features are changes in the gradient of the cross-sectional profile along
the streambank. Figure 4 shows how surveying a series of breaklines that run

parallel to the streambanks are essential for effectively representing these
topographically complex areas of channel.
b. There are six types of breaklines that need to be surveyed if present (Figure 5). At
a minimum 2 breakline features need to be sampled at any given cross-section.
Breaklines can change within a survey but at least two breaklines must be present
and continuous from top to bottom of the reach for each side of the channel.
i. The first break line encountered working toward the bank is the toe-ofbank. This breakline, if present, is a change in cross-sectional gradient
below the bankfull elevation. Toe-of-bank points may be in the wetted
channel but must be near the bank and represent the beginning of the bank.
Toe-of-bank is where the streambed meets the streambank and is often
marked by a transition from streambed material to streambank material.
Label toe of bank breakline points TOE.
ii. The second breakline encountered working toward the bank is the active
chanell (AC) breakline. Points along this breakline should be spaced in
order to capture significant gradient breaks or nick points in this breakline.
Active channel in a constrained stream is identified as changes in substrate
or vegetation.
iii. The breaklines of the active floodplain (AFP) and inactive floodplain
(IFP) (Figure 2) will also be surveyed in a similar manner as the AC
breakline.
iv. Beyond the bankfull a breakline must be surveyed that represents the
extent of the survey. This breakline is called top of bank and is labeled
TOB.
v. Alternatively, the extent of the survey in constrained reaches requires a
point beyond the IFP. There is not necessarily a feature to determine
where this breakline is. Locate these points 1 m beyond the IFP elevation.
Label these points beyond inactive floodplain points as BIFP.
MM.
c. Breaklines should be composed of enough intermediate points to capture the
general shape or any TOB or TOE of bank features (Figure 5).
d. It is not necessary to survey breaklines along sections of streambank that lack an
apparent TOB or TOE.

Figure 4. Example of coding points to describe the perimeters of channel units and bars showing
which points require multiple codes.

Figure 4. Example of streambank surfaces rendered a) without, and b) with breaklines surveyed
at the TOB and TOE of the bank.

Figure 5. Cross-sectional view of a stream channel demonstrating the appropriate placement of BF,
TOB, and TOE breaklines.

D. Additional topographic survey considerations.
a. Side channels will be surveyed using the same set of procedures as the main
channel.
b. It is not necessary to label thalweg points (THAL) in non-primary sections of
channel; however the deepest points should be surveyed using TOPO points.
NN.
E. Survey as much as the topography of the active channel at a safe wadeable depth. Figure
2 shows how points (red dotes) are selected that represent changes in gradient in the
cross-sectional view. Gradient changes in the longitudinal view must be captured as well.
1.4 Establishing a new instrument setup
Make as many shots as possible from each instrument setup, including transects, stream profile,
and hydrologic instrumentation. Follow the instructions below to establish a new instrument
setup.
A. Move the total station to the backsight location, and use the previous occupied point as
the new backsight. Adjust the appropriate settings in the datalogger, and shoot the
backsight and reference marks from the new location. Shoot as many transect and stream
profile points from this location as possible.
B. Shoot in a new instrument setup location (CP3). Use one of the existing controls (CP1 or
CP2), an existing reference mark, or any headpin that has already been surveyed as the
new backsight. Monument, flag, and photograph the new instrument setup as described
in section 1 above, and shoot in the new point before moving the total station. Make

sure to document any additional instrument locations and backsights used in the field
notes.
C. Shoot in additional instrument setup locations as necessary to complete the survey. In
dense vegetation, you may need as many as 4 or 5 instrument setup locations.

1.5 Collecting waypoints
In order to transform the survey data into real-world coordinates, GPS data are collected at all
instrument setups and reference marks. In the field notes, record the time GPS waypoints are
collected for each occupied point or reference mark.

1.6 Locating positions and lines from previous surveys
Follow instructions in the Survey Pro documentation to locate positions and lines from previous
surveys.

2. After the field visit
2.1 Downloading total station survey data
Survey data should be downloaded as soon you return from the field.
A. Make a copy of the original data and paste it into the corrected data folder. Rename the
file so that it begins with “corr” and ends with the extension .txt (see Figure 3). Make
sure to keep a copy of the original data for the archives.
OO.
B. Open the copied coordinate file (corrFremont01crd.txt in Figure 3) in Excel. The file
should have five columns: point number, x, y, and z coordinates, and point description.
Save the file as an .xls file using the naming convention in Figure 3.
PP.
C. Make corrections from field notes in the Excel file. For example, where an incorrect rod
height is documented in the field notes, locate the appropriate point number in the Excel
file, and make the needed correction to the elevation recorded for the shot. Notes
describing each correction can be made to the coordinate and raw data files in the
corrected data folder. When all corrections are complete, save the worksheet as a commadelimited file (.csv) in the corrected folder.

Fremont01corr.csv

Figure 3. Folder and file naming conventions for survey data.
2.2 Downloading waypoints
Each GPS waypoint should be downloaded and differentially corrected as soon as you return
from the field.
2.3 Post-processing survey data
Using Terramodel software, survey data are converted to UTM coordinates, and profiles are
created for each transect and the thalweg.
A. Convert total station survey data to UTM coordinates.
QQ.

a) Import the corrected .csv file into Terramodel.
RR.
b) Obtain differentially-corrected data for all instrument setup and reference mark
points. Examine the GPS report to identify points with the lowest PDOP values and
reported errors. Select the most accurate point, and move all surveyed points so that
coordinates of the selected point match the GPS data.
SS.
c) Modify the elevations of all points so that this point’s elevation is the same as that
reported by GPS. This change is to modify the surveyed elevations to within ~1 m of
real world elevations. It is the only change to surveyed elevations that should be
made, as the relative elevations recorded by the total station will be more accurate
than elevations collected by GPS.
TT.
d) Reproject all survey data to UTM coordinates. Use NAD83 for the datum and the
zone appropriate for the reach.
UU.
e) Select the second-most accurate GPS point. Rotate all survey data around the
initial point so that the coordinates of this second point are as close as possible to

those reported by GPS. Check the northing and easting coordinates for the remaining
setup locations and reference marks to make sure that they are within a few
centimeters to those reported by GPS. If the error is greater than this, check all
transformations and rotations to identify any errors and correct them.
VV.
f) Separate all control shots from transect and profile shots using Relayer in
Terramodel. Surveyed transects will appear as rows of points crossing the long line of
points that represents the thalweg profile. Export all control point coordinates into the
“final control” worksheet in your Excel file. Repeat for all transect and profile shots
and label this one “final topography.” These coordinate values will be used to
overlay the transect and profile points on aerial photos.
WW.
B. Obtain detailed cross-sections by using the xline function for each transect and exporting
the coordinate values for all points along each transect into the Excel file. Use a separate
worksheet for each transect and label each by its transect number. The Pythagorean
theorem equation can be used to translate x,y coordinates into stationing values. The left
endpoint should be considered the “100” station. Generate cross-section drawings in the
Excel file, using uniform scales for the x and y axes.
XX.
C. Export the thalweg profile shots into a separate Excel worksheet. Transform into
stationing values, from downstream-most to upstream-most point. The downstream point
should be labeled as station “0.” Generate a profile drawing in Excel using an appropriate
vertical exaggeration.
YY.
D. In the Terramodel file, appropriately label control shots (distinguish between occupied
points and reference marks), transects, and the points shot along the thalweg profile.
Label the drawing with survey dates and other appropriate information for the archive.
2.4 Archiving
Create shape files and the accompanying metadata for the finalized survey data. The following
should be archived:
1) Terramodel file.
2) Shape files of all spatial data.
3) Metadata file.
4) Excel file consisting of transect worksheets with finalized survey coordinates,
transformed stationing/elevation values, and drawing; 1 profile worksheet with finalized
survey coordinates, transformed stationing/elevation values, and drawing; 1 control point
and 1 topography worksheet with coordinate values and descriptions, and the original
coordinate correction worksheet.
5) Field notes with sketch of reach.
6) Photographs of all control points and reference marks.
7) Original coordinate and raw data files.
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This SOP details procedures performed at the end of each field trip, including equipment
maintenance, data management, and trip reports.

Procedures
1. Follow check-out procedures with Glen Canyon dispatch detailed in the NCPN
Backcountry Safety Plan.
2. Report all broken or missing equipment to the field crew coordinator. Repair equipment
if possible or indicate if new equipment needs to be purchased before the next field hitch.
3. Check-in cameras, lasers, satellite phones, and GPS units. Also check-in lasers, total
station, data logger, water level meter, and/or PDA if used.
4. Remove plant collections from the press or cooler, and store them in a secure location
where they will not be damaged.
5. Complete data entry and verification. Resolve any questions with the crew members who
collected the data.
6. Organize and file datasheets.
7. Download photos and organize by park code and reach name.
8. Download data from total station surveys (see SOP #8) and perform any post-processing.

9. The crew leader should complete a trip report detailing the dates of field work, crew
members participating, work completed, travel and housing availability, safety concerns
and how they were accommodated, weather conditions, any equipment problems or
needs, and any other pertinent information. Also note any interesting or unusual findings,
observations of disturbance, human or animal activity, deviations from the SOP, or
access issues.
10. Organize monitoring boxes for the next hitch.
11. Charge camera and satellite phone batteries. Also charge batteries for the total station,
data logger, PDA, and field laptop if these electronics were used.
12. Return GPS units to the GIS technician for downloading and charging.
13. Clean the insides of vehicles. Especially dirty or muddy vehicles may be washed as often
as monthly when needed. Report vehicle repair needs to the field crew coordinator.
14. Decontaminate all equipment, personal items, and clothing that have come into contact
with water or mud. The following procedures are to be used to prevent the spread of
exotic invasive organisms.
•
•
•
•

Remove all mud and debris using a scrub brush.
Spray with 5% Quat solution and allow to rest 10 minutes.
Rinse with water.
When feasible, allow to dry completely before entering another body of water.

15. Tidy the conference room before leaving for multiple days off.
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This SOP details procedures performed at the end of the field season, including equipment
maintenance and data management.

Procedures
1. Equipment maintenance. Inspect all equipment for damage and note any missing
equipment. Clean and repair all equipment prior to returning it to the project leader.
2. Equipment inventory. Ensure that adequate supplies are on hand for the next field season
and create a list of supplies that need to be ordered.
3. Complete identification of unknown plants. The field crew leader is responsible for
ensuring complete resolution of all unknown plants. Plants are identified to species,
family, or at least life form. Annotate the data sheets with the correct identifications and
ensure that species are entered correctly in the database.
4. New species follow-up. The field crew leader is responsible for ensuring that plant
species not on current park lists are submitted for NPSpecies updates. The field crew
leader is also responsible for mounting, labeling, and preparing voucher specimens for
any new species collected in a park unit. Update park plant species lists and the species
list in the database.
5. Field herbaria. The field crew leader mounts and labels appropriate specimens for the
field herbarium.
6. Data management. The field crew leader is responsible for ensuring that all data sheets
are completed properly.

7. Data entry. The field crew leader is responsible for ensuring that all data are entered and
verified according to procedures outlined in SOP #12. Also download all photographs to
the X:\ drive and make sure they are correctly labeled.
8. Field season review procedures. Prior to the departure of the field crew, the project
manager will query the field crew for issues with existing monitoring protocols and field
logistics and will seek recommendations for improvements.
9. Logistics. The field crew leader updates access documents with new and updated access
and logistical information, such as road closures, park personnel turnover, etc.
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The big river database has not yet been developed as methods are only now being finalized.
However we expect the database will be similar or possibly combined with the big river
database.
This Standard Operating Procedure (SOP) describes data management procedures for all data
derived from big river monitoring in Northern Colorado Plateau Network (NCPN) park units.
The procedures for data management given in this SOP follow guidelines and standards that are
described in the NCPN Data Management Plan (Beer et al 2005).
Definitions and Acronyms
NPS
NCPN
I&M
SOP
GIS
GPS
PDF
TIFF
JPG
DLL
FGDC

Tabular dataset

Spatial dataset

National Park Service
Northern Colorado Plateau Network
Inventory & Monitoring Program of the National Park Service
Standard Operating Procedure
Geographic Information Systems
Global Positioning System
Portable Document Format
Tagged Image File Format
Joint Photographic Experts Group File Format
Dynamic Link Library
Federal Geographic Data Committee. The interagency committee that
promotes the coordinated development, use, sharing, and dissemination
of geographic data.
A dataset organized in a table or group of tables where each column and
row has a specific interpretation; often produced by Microsoft (MS)
Excel, MS Access, database, or statistical software, and managed as text,
spreadsheet, or relational databases.
A dataset that is natively read by mapping software; often produced by
mapping software, such as ESRI ArcMap and ArcInfo; also includes

Primary dataset

Raw data

Certified data
Working database

Master database
Data products
Project level metadata

Quality assurance (QA)
procedures
Quality control (QC)
procedures

georeferenced imagery, geodatabases, as well as hardcopy aerial
photographs, satellite imagery and maps.
The dataset that is the most comprehensive and representative of the data
associated with a project. This dataset can normally be used
independently of other project datasets and is often distributed to external
users. The primary dataset can be tabular or spatial. For most NCPN
monitoring projects, the primary dataset will be either an MS Access
database or a geodatabase.
Data that have not been subjected to either quality control or
documentation procedures; includes data recorded by hand on hard-copy
forms, digital files from handheld devices, GPS receivers, telemetry data
loggers, etc.
Finalized project data, i.e., data that have undergone thorough quality
assurance and screening as well as complete documentation.
A project-specific database for entering and processing data for the
current season (or other logical period of time). This might be the only
database for short-term projects where there is no need to distinguish
working data for the current season from the full set of validated project
data.
Project-specific database for storing the full project data set, used for
viewing, summarizing, and analysis. Only used to store certified data.
Information that is derived from certified project data.
A metadata record associated with the primary project dataset that
contains cross references to all project data products and is uploaded to
the Natural Resource Information Portal (NRInfo).
Procedures used to maintain a defined level of quality throughout all
stages of data development.
Procedures used to monitor or evaluate the quality of data products.

Database Design
The primary dataset associated with the NCPN big river monitoring project is a tabular dataset
stored in a Microsoft (MS) Access database, referred to subsequently as the big river database.
The version of the database described in this SOP (version 1.01) accommodates only the
vegetation methods used in big river monitoring. The big river database is written in Access
2003, and has a frontend/backend file structure:
•
•

River.mdb: This frontend file contains all queries, forms, reports, and associated Visual Basic
(VB) application code.
River_be.mdb: This backend file contains the database tables.

The frontend/backend file structure allows multiple users to enter data in a network environment,
and allows for easy backup and transfer of the data tables. Users typically launch the frontend
file, and a utility will prompt them to establish a link to the backend file.
The big river database was developed following the NPS Natural Resource Database Template
(NRDT), which is based on a location record, one or more related event records, and observation
data elements linked to each event. Figure 1 shows the relationships between the primary big
river database tables (all tables are not shown).

Figure .1 Data Model for Big River Database
Each big river monitoring site or reach has a record in tbl_Locations, which stores basic location
information as well as other site characteristics that are recorded during reach establishment.
Each reach can have many site visits, which are recorded in tbl_Events. During each site visit,
several different types of observations are recorded. The main types of observations recorded are
described briefly below:
•
•
•
•

Understory species and geomorphic surface features are recorded using a series of 1m plots
along a belt transect at BLCA and a set of 1-m randomly located plots at CANY and DINO.
and stored in tbl_LP_Transect and tbl_LP_Intercept.
Species richness is sampled in a comprehensive time limited survey of the feature.
Vegetation cover by indicator species at rapid assessment sites
Transect and transect establishment photos are taken for each of seven cross-section transects
and recorded in tbl_Photos.

Each site visit is linked to tables tbl_master_version and tbl_SOP_version (not shown in the
figure), which together define the narrative and suite of SOP versions in effect at the time of the
site visit. Documentation of all tables and fields in the big river database is provided in Appendix
A.

Populating the Big River Database
Prior to each field season, the working database for the big river monitoring protocol is prepared
for the upcoming field season’s data entry. The working database is initially an “empty”
database, i.e., it contains no observation data, just populated lookup tables and certain “static”
site information (e.g., location information). The working database is used for data entry,

verification, and validation for a given field season. After the dataset in the working database is
certified, it is merged into the master big river database.
For the remainder of this document, the term “big river database” refers to the working database.
The big river database will be populated via a combination of data import and data entry.
Data Import
Records for big river monitoring sites can be established in the database either manually or by
importing site location data collected via GPS units. It is expected that most site records will be
created manually during data entry. In such cases, the site record will subsequently be updated
with the corrected GPS data. Table 1 lists the fields either imported or derived from GPS data
(see Appendix A for field descriptions). Elevation will not be imported directly from the GPS
data, but rather will be derived from digital elevation models. Note that the fields
“T1_RLocation, T1_LLocation, …, T7_RLocation, T7_LLocation” represent the rebar locations
(right and left) for the seven transects, and the fields “T1_RN, T1_RE, T1_LN, T1_LE, …,
T7_RN, T7_RE, T7_LN, T7_LE” represent the UTM coordinates (right and left) for the seven
transects.

Table 4. Fields Imported/Derived from GPS Data into tbl_Locations
Elevation
E_Coord
N_Coord
Coord_Units
Coord_System
Datum
UTM_Zone
Rcvr_Type

Max_PDOP
Max_HDOP
T1_RLocation
T1_LLocation…
T7_RLocation
T7_LLocation

T1_RN
T1_RE
T1_LN
T1_LE…
T7_RN
T7_RE
T7_LN
T7_LE

Site location data are expected to be relatively static over time. Thus, GPS data will normally
only be imported when a reach is initially established. If the location information for a given site
changes for some reason (e.g., a rebar gets lost and it’s not possible to establish the new rebar at
the same location), it will need to be re-imported from the GPS files. When imported, reach
location data will be imported from corrected GPS files into tbl_Locations.
Data Entry
The majority of data in the big river database will be populated via data entry. Data entry should
occur as soon as possible after data collection is completed, before the next observation occurs,
and by the person who collected the data or someone who is familiar with the project and data.
The primary goal of data entry is to record data in digital form with 100% accuracy.
Detailed data entry instructions are provided in the Integrated Big River Database User’s Guide –
Draft (NCPN-NPS 2010a). The user’s guide is also available as a standalone document in the
same folder location as the working copy of the big river database:

X:\Active_Monitoring_Projects\Big_River\Data\Database\Current
The project manager makes certain that persons performing data entry are familiar with the
user’s guide and understand how to enter data and follow the protocols. Data entry technicians
are responsible for becoming familiar with the field data forms, database software, database
structure, and any standard codes for data entry. The data manager, in conjunction with the
project manager, will ensure that the user’s guide is kept current as new features are
implemented in the database and/or as data entry procedures change.
QA/QC measures for data entry will be built into the database forms to automatically validate
data where possible. Data entry forms will maximize the use of auto-filled fields, range limits,
pick lists, and spelling checks. Error messages will alert the operator to correct mistakes. Any
errors or omissions that become apparent during data entry should be resolved as soon as
possible. In such cases, the data entry technician should contact the person who collected the
data for clarification. The appropriate modifications should then be made to the field sheets or
documented in a log according to the instructions provided in Section 4.

Data Verification and Validation
To ensure that big river monitoring data are of the highest possible quality, verification and
validation of big river monitoring data will be performed according to the procedures described
in the NCPN Quality Assurance and Quality Control Guidance Document (NCPN-NPS 2008a).
Data verification checks that data entered into a secondary (i.e., electronic) format match the
source data, while data validation checks that the data make sense.
Data Verification
Data verification immediately follows data entry and involves checking the accuracy and
completeness of the computerized records against the hard copy field records and identifying and
correcting any errors. The following verification methods will be used to verify big river data:
1. Visual review at data entry. The person doing data entry verifies each and every record
after input and immediately corrects any errors.
2. Visual review after data entry. All records are compared to the original data source.
Each data field on the corresponding electronic data entry form is compared with the
original values from the hard copy, preferably by a second person who did not perform
the data entry. Any errors that are discovered are corrected in the database as soon after
data entry as possible.
3. Summary queries and tallies. Queries are run that detect broad errors such as duplicate
or omitted records. Examples of such queries for big river data are given below:
a. Listing and count of the monitoring reaches established by park by year.
b. Listing and count of the monitoring reaches visited by park by year.
c. For each year/park/reach combination, a count of the number of photo points
recorded.
4. Visual review of spatial data. Using GIS, big river monitoring reach data are visually
inspected for accuracy. This review will take place at the end of the field season.

Detailed verification procedures are provided in Big River Database Quality Assurance
(QA)/Quality Control (QC) Procedures – Draft (NCPN-****).
Data Validation
While many errors are prevented by including validation routines that function during data entry,
additional review of the data by the project manager is needed to detect generic and specific
errors that fall outside the scope of automated validation.
Invalid data commonly consist of slightly misspelled names, the wrong date, or out-of-range
errors in parameters with well-defined limits (e.g., elevation). Other errors consist of
unreasonable metrics or associations. For example, suppose a species was dominant on a reach
during the current year’s visit, but there was no observation recorded during the previous year’s
visit. Such data seem questionable and might indicate a species identification error. These types
of logic errors (or potential errors) can be challenging to resolve, and in some cases it may not be
possible to resolve them during the current year. Such questionable data will be flagged for
future resolution.
Validation queries will be of two types: one type will present tabular data in ways that allows
records to be reviewed for content and context; the other type will perform specific calculations
or routines to detect logic or range errors. Corrections to errors detected during validation require
notations in the original paper field records about how and why the data were changed.
Modifications to the field records should be clear and concise while preserving the original data
entries or notes. Validation efforts should also include a check for the completeness of a data set
since field sheets or other sources of data could easily be overlooked.
Detailed validation procedures are provided in Integrated Big River Database Quality Assurance
(QA)/Quality Control (QC) Procedures – Draft (NCPN-NPS 2010b).
Data Quality Review and Communication
The project manager and any personnel involved in data collection or entry will meet several
times during the field season to discuss data quality problems and issues. Procedures may need
revision if verification and validation processes reveal an unacceptable level of data quality.
Quality checks may also reveal the need to modify field or computer forms if data transcription
or entry errors are frequent.
Once validation has been completed, metadata will be created for the big river dataset (refer to
Section 7 for details on metadata). An important part of this metadata is data quality
documentation, which consists of the verification and validation results. This data quality
documentation, along with the project data certification form, will be used to notify end users
and other project personnel of project data quality. For example, any questionable data that have
been flagged will be identified. The project data certification form will be completed by the
project manager to indicate that the data are complete, they have passed quality assurance
checks, and they are documented and ready for archiving, posting, and distribution. The data
certification form can be found in the NCPN Project Data Life Cycle Guidance Document
(NCPN-NPS 2007a). The data quality documentation and data certification form will be stored in
the big river project archive folder.

Version Control
Version control is the process of managing copies of changing files over the course of a project.
Change includes any alteration to the structure or content of the files, which should not be made
without the ability to fully recover a dataset as it existed before changes were made. NCPN uses
several techniques to help ensure proper version control: data archiving (refer to Section 6 for
data archiving details), directory structure conventions, backup procedures (refer to the user’s
guide (NCPN-NPS 2010a)), and database versioning.
Directory Structure Conventions
NCPN has adopted directory structure conventions for I&M project folders (NCPN-NPS 2007b).
Based on these conventions, each project has an active folder for storing all current or working
project files and an archive folder for storing archived project files. In general, the active project
folder stores only the most recent project files (e.g., data and reports from current year, current
protocol version). All active project folders are stored on the NCPN shared drive (X:). The active
big river project folder is in the following location:
X:\Active_Monitoring_Projects\Big_River
The structure of the active project folder is as follows (all folders are not shown):
• Data:
o Database:
 Backups: Contains one or more backup copies of database files made during
data entry (not retained permanently).
 Current: Contains the working database (current year data) and user’s guide.
 Master: Contains a copy of the master database (complete data record) to be
used for analysis and reporting (the master database is stored in the big river
archive folder).
o Field_Forms: Contains scanned field forms for current year.
o GPS_Downloads: Contains corrected data downloaded from GPS units.
o Spatial: Contains GIS files related to site selection.
• Field_Crews: Contains files used by field crews, such as plant lists and trip reports.
• NCPN_Working_Files: Contains miscellaneous files used internally, such as database
requirements documentation.
• Project_Life_Cycle: Contains files related to project data life cycle tracking for current year,
e.g., data certification form, data quality documentation (refer to Section 7 for more details
on the project data life cycle).
• Protocol:
o PDF: Contains PDF of current version of protocol.
o Native_Format: Contains source files for current version of protocol.
• Protocol_Review: Contains current documents associated with operational protocol reviews.
• Reports:
o PDF: Contains PDF version of current annual project reports and any other reports
produced during current year.
o Native_Format: Contains source files used to create current year reports.
• Sampling_Design: Contains files related to sampling design.
For additional details on NCPN directory structure conventions, refer to the NCPN Directory
Structure Guidance Document (NCPN-NPS 2007b).

Database Versioning
Database versioning refers to the process of tracking modifications to the database structure or
application code, which can occur independently of modifications to the data. NCPN uses a
version numbering scheme to track database modifications, in which modifications are grouped
into software releases. Major releases are those involving significant changes to the database and
are designated with the next whole number (e.g., version 2.0, 3.0, 4.0 …). For releases with only
minor database changes (e.g., bug fixes), version numbers increase incrementally by hundredths
(e.g., version 1.01, version 1.02, etc). Database version information is maintained within the
database, and can be viewed by choosing the About tab on the big river main menu page, and
then choosing View release history. Whenever a database version change occurs, copies of the
database files are placed in the appropriate archive location (refer to Section 6).

Data Archiving
Archiving is a critical step in ensuring the long-term preservation of data. Big river data will be
archived on an annual basis, after the current year data have been certified and annual report
completed. Archiving of certain data may occur more frequently, e.g., if a protocol version
change occurs. Archiving will be done for both digital and hard copy data.
Digital Data Archiving
All digital big river data will be archived on the NCPN read-only shared drive (R:) in the big
river archive folder (R:\Archive\Monitoring_Archive\Big_River\). Table 2 lists the big river
monitoring digital data files that require archiving, along with their respective archive folder
locations. The digital files listed in Table 2 will also be burned onto an archival-standard CD or
DVD and sent to the Western Archeological and Conservation Center (WACC) according to the
procedures outlined in the NCPN Archiving Guidance Document (NCPN-NPS 2010c).
Table 5. Big River Digital Data Archiving Summary
Data
Product(
s)/File(s)
Database

Archive Location 1
Data\<year2>\Database\

Comments
•

Contains certified database files for a
given year, master database files, and
metadata

Field
forms
GPS data

Data\<year>\Field_Form
s\
Data\<year>\GIS_Data\
GPS_Data\

•

Field
crew files
Project

Field_Crews\<year>\

•

Project_Life_Cycle\<yea

•

Contains digital field forms (PDF)
for a given year
Contains both uncorrected and
corrected GPS data files for a given
year
Contains archived field crew files
(e.g., trip reports) for a given year
Contains archived files related to

1
2

•

Archive location is relative to R:\Archive\Monitoring_Archive\Big river\ unless stated otherwise.
<year> indicates year in yyyy format.

Data
Product(
s)/File(s)
data life
cycle files
Protocol

Protocol
review
Reports
Sampling
design
files
Photos

Original
photos

Archive Location 1
r>\

Comments
project data life cycle tracking for a
given year
3
Protocol\<version >\
• Contains archived protocol files
(PDF and source files) for a given
version
Protocol_Review\<year> • Contains archived protocol review
\
documents for a given year
Reports\<year>\
• Contains archived report files (PDF
and source files) for a given year
Sampling_Design\<year • Contains archived files related to
>\
sampling design for a given year
R:\Archive\
NCPN_Photos_Archive\
NCPN Photos\
Big_River

•
•

R:\Archive\
NCPN_Photos_Archive\
Raw_Photo_Data_Archi
ve\
Monitoring\Big_River\<y
ear>

•
•
•

Archive location is an absolute path
Renamed photo files archived as
part of NCPN photo database
processing - refer to NCPN Photo
Management Guidance Document
(NCPN-NPS 2008b) for details
Archive location is an absolute path
Contains original, unedited (e.g.,
not rotated) photo files
Archived as part of photo database
processing

Hard Copy Data Archiving
All hard copy big river data will be archived at WACC according to the procedures outlined in
the NCPN Archiving Guidance Document (NCPN-NPS 2010c). Table 3 lists the big river
monitoring hard copy data files that require archiving, along with a summary of archiving
procedures. Digital copies of applicable items in Table 3 are also provided to parks for their
working files.
Table 6. Big River Hard Copy Data Archiving Summary
Data
Product(s)/File(s
)
Field forms

3

Comments
• Original field forms stored in NCPN archives at WACC.
• Digital copies retained in NCPN office and provided to
parks as working copies.

<version> indicates protocol version key number, e.g., Version_Key_1

Data
Product(s)/File(s
)
Reports

Protocol

Protocol review
Photos

Data/metadata
Printouts

Project data life
cycle files

Comments
• Archival copies stored in NCPN archives at WACC.
• Hard copies retained in NCPN office and provided to
parks included in big river monitoring project.
• Archival copies stored in NCPN archives at WACC.
• Hard copies retained in NCPN office.
• Digital copies provided to parks included in big river
monitoring project.
• Archival copies stored in NCPN archives at WACC.
• Hard copies retained in NCPN office.
• Slides or selected prints stored in NCPN archives at
WACC.
• Digital copies retained in NCPN office and provided to
parks included in big river monitoring project.
• Archival copies of project-level metadata stored in
NCPN archives at WACC.
• Hard copies retained in NCPN office.
• Digital copies provided to parks included in big river
monitoring project.
• Above applies to any other data/metadata printouts
deemed critical to long-term big river monitoring
• Archival copies stored in NCPN archives at WACC.
• Hard copies retained in NCPN office.
• Digital copies provided to parks included in big river
monitoring project.

Metadata
Metadata, which is defined as structured information about the content, quality, condition, and
other characteristics of data, is a critical step toward ensuring that data sets are usable for their
intended purposes well into the future. Metadata can take many different forms, including formal
FGDC-compliant metadata, NRInfo References, and protocol version information.
To comply with NPS metadata requirements, metadata for big river datasets will be created
following NCPN metadata procedures (NCPN-NPS 2007c):
•

A metadata record will be created for the big river database (since it is considered the
primary dataset for the big river monitoring project), and uploaded to the NRInfo Reference
Application. The NRInfo metadata record, also referred to as the project level metadata, will
be updated annually.

•

All other big river datasets and data products (see Dataset/Data Product column in Table 4)
will be documented as cross-reference citations in the project level metadata record.

Another type of metadata specific to NCPN is the Project Data Life Cycle (PDLC) checklist,
which helps to ensure that all data management activities (e.g., data verification/validation,

metadata, archiving) are completed each year for monitoring projects. In accordance with this
requirement, a PDLC checklist will be completed each year for big river monitoring data. For
further details related to the PDLC checklist, refer to the NCPN Project Data Life Cycle
Guidance Document (NCPN-NPS 2007a).
Table 4 summarizes the metadata tasks required for big river monitoring datasets and data
products, and Table 5 describes the tasks and provides references where more detailed
procedures are described.
Table 7. Summary of Metadata Tasks for Big River Monitoring Data
Dataset/
Data
Product
Databas
e
GIS
Data
Report(s
)
Protocol
Photos
Field
Forms

NRInf
o
Datas
et
X

Datas
et
Catalo
g
X

X-Ref
Citatio
n

PDLC
Check
-list

NRInf
o Ref

MVT

Photo
DB

X

DB
Doc

X

X

X

X

X

X

X
X
X

X
X
X

X

X
X

Table 8. Metadata Task Descriptions
Metadata
Task
NRInfo
Dataset

Metadata Task Description

Reference(s)

An NRInfo Reference (Dataset
type) is created and then
updated annually.

Dataset
Catalog
X-Ref
Citation

A Dataset Catalog record is
created.
A cross reference citation is
added to the project level
metadata record.
The PDLC checklist is
completed, which includes
adding product records to the
NCPN Project Tracking
Database.
An NRInfo Reference (usually
Published Report type) is
created.

Metadata Guidance Document
(NCPN-NPS 2007c), NRInfo
Reference Application
Documentation & Help Manual
Dataset Catalog Guidelines
(Appendix C, Beer et al 2005)
Metadata Guidance Document
(NCPN-NPS 2007c)

PDLC
Checklist

NRInfo Ref

Project Data Life Cycle Guidance
Document (NCPN-NPS 2007a),
Project Tracking Guidance
Document (NCPN-NPS 2008c, in
development)
NRInfo Reference Application
Documentation & Help Manual

MVT
Photo DB
DB Doc

The Master Version Table is
updated as needed.
Photo records are added to the
NCPN Photo Database.
Database table and field
documentation is updated as
needed.

Protocol Versioning Guidance
Document (NCPN-NPS 2009)
Photo Management Guidance
Document (NCPN-NPS 2008b)
Appendix A

A metadata questionnaire has been developed to assist in gathering the information needed for
metadata creation (see the NCPN Metadata Guidance Document (NCPN-NPS 2007c)).
The complete protocol for this project (Protocol Narrative and SOP #s 1-15) is an integral
component of the project metadata. All narrative and SOP version changes are noted in a Master
Version Table (MVT), which is maintained in SOP #15. Any time the narrative or an SOP
version change occurs, a new Version Key number (VK#) must be created and recorded in the
MVT, along with the date of the change and the versions of the narrative and SOPs in effect.
The Version Key number is essential for project information to be properly interpreted and
analyzed. The protocol narrative, SOPs, and data should not be distributed independently of this
table. Refer to the NCPN Protocol Versioning Guidance Document (NCPN-NPS 2009) for
detailed protocol versioning procedures.
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SOP 11, Appendix A Documentation of Database Tables
The table and field definitions in this appendix correspond to version 1.01 of the big river
database (the version used during the 2010 field season).
Data Tables
Table Name: tbl_Dist_Exotic
Description: Table of exotic plant species observed on reach during site assessment.
Field Name Field Description
Field Type Field Width
Exotic_ID
Unique record identifier - primary key dbText
50
Impact_ID Foreign key to tbl_Site_Impact
dbText
50
Species
Exotic species code
dbText
15
Alive
Is species alive?
dbBoolean
1
Notes
Notes on species
dbMemo
0
Table Name: tbl_Events
Description: Table of sampling events.
Field Name
Field Description
Event_ID
Location_ID
Protocol_Name

Event identifier (Event_ID)
Link to tbl_Locations (Loc_ID)
The name or code of the protocol
governing the event (Protcl_Nam)
version_key_number Master protocol version key
Start_Date
Starting date for the event or site visit
(Start_Date)
Comments
Reach revisit comments
Observer
Reach revisit observer
Census_Observer
Reach census observer
Census_Recorder
Reach census recorder
Census_Date
Date of census observation

Field
Type
dbText
dbText
dbText

Field
Width
50
50
100

dbLong
dbDate

4
8

dbMemo
dbText
dbText
dbText
dbDate

0
50
50
50
8

Table Name: tbl_GL_Intercept
Description: Table of greenline point intercept measurements.
Field Name
Field Description

Field Type

Intercept_ID
Transect_ID
Point
Top
Alive
Surface
Surface_Alive
LCS1

dbText
dbText
dbDecimal
dbText
dbBoolean
dbText
dbBoolean
dbText

Unique record identifier - primary key
Foreign key to tbl_GL_Transect
Intercept point - increments of 0.25m up to 10m
Top canopy species code
Is top canopy species alive?
[not used]
[not used]
Lower canopy species 1 - Database flattened to
accommodate field data entry and work around

Field
Width
50
50
16
15
1
15
1
15

Field Name

Field Description

Field Type

Field
Width

LCA1
LCS2
LCA2
LCS3
LCA3
LCS4
LCA4
LCS5
LCA5
LCS6
LCA6
LCS7
LCA7
LCS8
LCA8
LCS9
LCA9
LCS10
LCA10
D1
D2
D3
D4
D5

Access limitations.
Lower canopy alive 1
Lower canopy species 2
Lower canopy alive 2
Lower canopy species 3
Lower canopy alive 3
Lower canopy species 4
Lower canopy alive 4
Lower canopy species 5
Lower canopy alive 5
Lower canopy species 6
Lower canopy alive 6
Lower canopy species 7
Lower canopy alive7
Lower canopy species 8
Lower canopy alive 8
Lower canopy species 9
Lower canopy alive 9
Lower canopy species 10
Lower canopy alive 10
[not used]
[not used]
[not used]
[not used]
[not used]

dbBoolean
dbText
dbBoolean
dbText
dbBoolean
dbText
dbBoolean
dbText
dbBoolean
dbText
dbBoolean
dbText
dbBoolean
dbText
dbBoolean
dbText
dbBoolean
dbText
dbBoolean
dbText
dbText
dbText
dbText
dbText

1
15
1
15
1
15
1
15
1
15
1
15
1
15
1
15
1
15
1
15
15
15
15
15

Table Name: tbl_GL_Transect
Description: Table of transect information for greenline point intercept measurements.
Field Name Field Description
Field Type
Field
Width
Transect_ID Unique record identifier - primary key
dbText
50
Event_ID
Foreign key to tbl_Events
dbText
50
Transect
Transect number: 1 to 7.5 (right transects
dbDecimal
16
numbered as .5)
Visit_Date
Date of visit
dbDate
8
Observer
Name of person observing
dbText
50
Recorder
Name of person recording
dbText
50
Table Name: tbl_Impact_Details
Description: Table of site impact assessment details
Field Name
Field Description
Impact_Details_ID
Impact_ID

Unique record identifier - primary key
Foreign key to tbl_Site_Impact

Field
Type
dbText
dbText

Field
Width
50
50

Field Name

Field Description

Disturbance_Location

Observation-location type: in-stream or
terrestrial.
Disturbance_Type
Disturbance type (tlu_Disturbance).
Disturbance_Description Description of disturbance including
potential effects on fire or erosion
processes.

Field
Type
dbText
dbText
dbMemo

Field
Width
15
50
0

Table Name: tbl_Location_History
Description: Site and reach definition history table
Field Name
Field Description

Field Type

Location_History_ID
Location_ID
Unit_Code
Plot_ID
Modify_Date
Stream_Name
Recorder
E_Coord
N_Coord
T1_RN
T1_RE
T1_RLocation
T1_LN
T1_LE
T1_LLocation
T1_Length

dbText
dbText
dbText
dbInteger
dbDate
dbText
dbText
dbDouble
dbDouble
dbDouble
dbDouble
dbDecimal
dbDouble
dbDouble
dbDecimal
dbDecimal

Field
Width
50
50
4
2
8
100
50
8
8
8
8
16
8
8
16
16

dbInteger
dbDouble
dbDouble
dbDecimal
dbDouble
dbDouble
dbDecimal
dbDecimal

2
8
8
16
8
8
16
16

dbInteger
dbDouble
dbDouble
dbDecimal
dbDouble
dbDouble
dbDecimal

2
8
8
16
8
8
16

T1_Bearing
T2_RN
T2_RE
T2_RLocation
T2_LN
T2_LE
T2_LLocation
T2_Length
T2_Bearing
T3_RN
T3_RE
T3_RLocation
T3_LN
T3_LE
T3_LLocation

Location identifier (Loc_ID)
foreign key to tbl_Location
Park Code.
Reach identifier
Date of update
Name of stream
Person recording data
UTM East of Centroid (X_Coord)
UTM North of Centroid (Y_Coord)
Transect 1 Right Northing UTM
Transect 1 Right Easting UTM
Transect 1 Right location in meters
Transect 1 Left Northing UTM
Transect 1 Left Easting UTM
Transect 1 Left location in meters
Transect 1 Length in meters - 1
decimal
Transect 1 Bearing in degrees R to L
Transect 2 Right Northing UTM
Transect 2 Right Easting UTM
Transect 2 Right location in meters
Transect 2 Left Northing UTM
Transect 2 Left Easting UTM
Transect 2 Left location in meters
Transect 2 Length in meters - 1
decimal
Transect 2 Bearing in degrees R to L
Transect 3 Right Northing UTM
Transect 3 Right Easting UTM
Transect 3 Right location in meters
Transect 3 Left Northing UTM
Transect 3 Left Easting UTM
Transect 3 Left location in meters

Field Name

Field Description

Field Type

T3_Length

Transect 3 Length in meters - 1
decimal
Transect 3 Bearing in degrees R to L
Transect 4 Right Northing UTM
Transect 4 Right Easting UTM
Transect 4 Right location in meters
Transect 4 Left Northing UTM
Transect 4 Left Easting UTM
Transect 4 Left location in meters
Transect 4 Length in meters - 1
decimal
Transect 4 Bearing in degrees R to L
Transect 5 Right Northing UTM
Transect 5 Right Easting UTM
Transect 5 Right location in meters
Transect 5 Left Northing UTM
Transect 5 Left Easting UTM
Transect 5 Left location in meters
Transect 5 Length in meters - 1
decimal
Transect 5 Bearing in degrees R to L
Transect 6 Right Northing UTM
Transect 6 Right Easting UTM
Transect 6 Right location in meters
Transect 6 Left Northing UTM
Transect 6 Left Easting UTM
Transect 6 Left location in meters
Transect 6 Length in meters - 1
decimal
Transect 6 Bearing in degrees R to L
Transect 7 Right Northing UTM
Transect 7 Right Easting UTM
Transect 7 Right location in meters
Transect 7 Left Northing UTM
Transect 7 Left Easting UTM
Transect 7 Left location in meters
Transect 7 Length in meters - 1
decimal
Transect 7 Bearing in degrees R to L
Directions to plot

dbDecimal

Field
Width
16

dbInteger
dbDouble
dbDouble
dbDecimal
dbDouble
dbDouble
dbDecimal
dbDecimal

2
8
8
16
8
8
16
16

dbInteger
dbDouble
dbDouble
dbDecimal
dbDouble
dbDouble
dbDecimal
dbDecimal

2
8
8
16
8
8
16
16

dbInteger
dbDouble
dbDouble
dbDecimal
dbDouble
dbDouble
dbDecimal
dbDecimal

2
8
8
16
8
8
16
16

dbInteger
dbDouble
dbDouble
dbDecimal
dbDouble
dbDouble
dbDecimal
dbDecimal

2
8
8
16
8
8
16
16

dbInteger
dbMemo

2
0

T3_Bearing
T4_RN
T4_RE
T4_RLocation
T4_LN
T4_LE
T4_LLocation
T4_Length
T4_Bearing
T5_RN
T5_RE
T5_RLocation
T5_LN
T5_LE
T5_LLocation
T5_Length
T5_Bearing
T6_RN
T6_RE
T6_RLocation
T6_LN
T6_LE
T6_LLocation
T6_Length
T6_Bearing
T7_RN
T7_RE
T7_RLocation
T7_LN
T7_LE
T7_LLocation
T7_Length
T7_Bearing
Plot_Directions

Table Name: tbl_Locations
Description: Site and reach definition table

Field Name

Field Description

Field Type

Location_ID
GIS_Location_ID

Location identifier (Loc_ID)
Link to GIS feature, equivalent to
NPS_Location_ID (GIS_Loc_ID)
Link to NR-GIS Metadata Database
(Meta_MID)
Park Code.
Reach identifier
Name of stream
Average width of reach in meters
Length of reach in meters.
Date reach established
Person observing data
Person recording data
[not used]
[not used]
GPS file name for centroid
coordinates
GPS unit type
Elevation of site origin in meters
UTM East of Centroid (X_Coord)
UTM North of Centroid (Y_Coord)
Coordinate distance units
(Coord_Unit)
Coordinate system (Coord_Syst)
UTM Zone (UTM_Zone)
Datum of mapping ellipsoid (Datum)
Horizontal accuracy
Positional accuracy
Date of entry or last change
(Upd_Date)
Active riparian zone width 1 in
meters
Active riparian zone width 2 in
meters
Active riparian zone width 3 in
meters
Active riparian zone width 4 in
meters
Active riparian zone width 5 in
meters
Percentage of the reach that is
confined colluvial.
Percentage of the reach that is
confined bedrock.

dbText
dbText

Field
Width
50
50

dbText

50

Meta_MID
Unit_Code
Plot_ID
Stream_Name
Av_Reach_Width
Reach_Length
SiteDate
Observer
Recorder
Soil_Survey_Area
Soil_Map_Unit
GPS_File_Name
Rcvr_Type
Elevation
E_Coord
N_Coord
Coord_Units
Coord_System
UTM_Zone
Datum
Max_PDOP
Max_HDOP
Updated_Date
ARZW1
ARZW2
ARZW3
ARZW4
ARZW5
Confined_Colluvial
Confined_Bedrock

dbText
dbInteger
dbText
dbInteger
dbInteger
dbDate
dbText
dbText
dbMemo
dbText
dbText

4
2
100
2
2
8
50
50
0
10
50

dbText
dbInteger
dbDouble
dbDouble
dbText

50
2
8
8
50

dbText
dbInteger
dbText
dbDouble
dbDouble
dbText

50
2
5
8
8
50

dbInteger

2

dbInteger

2

dbInteger

2

dbInteger

2

dbInteger

2

dbDecimal

16

dbDecimal

16

Field Name
Confined_Alluvial

Field Description

Percentage of the reach that is
confined alluvial.
Unconfined_Colluvial
Percentage of the reach that is
unconfined colluvial.
Perennial_Pct
Percent perennial stream type
Intermittent_Pct
Percent intermittent stream type
Ephemeral_Pct
Percent ephemeral stream type
Site_Selection
Site accepted or rejected
Site_Selection_Comments Additional site selection comments
Rejection_Criteria
Reason for rejection
T1_RN
Transect 1 Right Northing UTM
T1_RE
Transect 1 Right Easting UTM
T1_RLocation
Transect 1 Right location in meters
T1_LN
Transect 1 Left Northing UTM
T1_LE
Transect 1 Left Easting UTM
T1_LLocation
Transect 1 Left location in meters
T1_Length
Transect 1 Length in meters - 1
decimal
T1_Bearing
Transect 1 Bearing in degrees R to
L
T2_RN
Transect 2 Right Northing UTM
T2_RE
Transect 2 Right Easting UTM
T2_RLocation
Transect 2 Right location in meters
T2_LN
Transect 2 Left Northing UTM
T2_LE
Transect 2 Left Easting UTM
T2_LLocation
Transect 2 Left location in meters
T2_Length
Transect 2 Length in meters - 1
decimal
T2_Bearing
Transect 2 Bearing in degrees R to
L
T3_RN
Transect 3 Right Northing UTM
T3_RE
Transect 3 Right Easting UTM
T3_RLocation
Transect 3 Right location in meters
T3_LN
Transect 3 Left Northing UTM
T3_LE
Transect 3 Left Easting UTM
T3_LLocation
Transect 3 Left location in meters
T3_Length
Transect 3 Length in meters - 1
decimal
T3_Bearing
Transect 3 Bearing in degrees R to
L
T4_RN
Transect 4 Right Northing UTM
T4_RE
Transect 4 Right Easting UTM
T4_RLocation
Transect 4 Right location in meters
T4_LN
Transect 4 Left Northing UTM

Field Type
dbDecimal

Field
Width
16

dbDecimal

16

dbDecimal
dbDecimal
dbDecimal
dbBoolean
dbMemo
dbText
dbDouble
dbDouble
dbDouble
dbDouble
dbDouble
dbDouble
dbDecimal

16
16
16
1
0
50
8
8
8
8
8
8
16

dbInteger

2

dbDouble
dbDouble
dbDouble
dbDouble
dbDouble
dbDouble
dbDecimal

8
8
8
8
8
8
16

dbInteger

2

dbDouble
dbDouble
dbDouble
dbDouble
dbDouble
dbDouble
dbDecimal

8
8
8
8
8
8
16

dbInteger

2

dbDouble
dbDouble
dbDouble
dbDouble

8
8
8
8

Field Name

Field Description

Field Type

T4_LE
T4_LLocation
T4_Length

Transect 4 Left Easting UTM
Transect 4 Left location in meters
Transect 4 Length in meters - 1
decimal
Transect 4 Bearing in degrees R to
L
Transect 5 Right Northing UTM
Transect 5 Right Easting UTM
Transect 5 Right location in meters
Transect 5 Left Northing UTM
Transect 5 Left Easting UTM
Transect 5 Left location in meters
Transect 5 Length in meters - 1
decimal
Transect 5 Bearing in degrees R to
L
Transect 6 Right Northing UTM
Transect 6 Right Easting UTM
Transect 6 Right location in meters
Transect 6 Left Northing UTM
Transect 6 Left Easting UTM
Transect 6 Left location in meters
Transect 6 Length in meters - 1
decimal
Transect 6 Bearing in degrees R to
L
Transect 7 Right Northing UTM
Transect 7 Right Easting UTM
Transect 7 Right location in meters
Transect 7 Left Northing UTM
Transect 7 Left Easting UTM
Transect 7 Left location in meters
Transect 7 Length in meters - 1
decimal
Transect 7 Bearing in degrees R to
L
Directions to plot

dbDouble
dbDouble
dbDecimal

T4_Bearing
T5_RN
T5_RE
T5_RLocation
T5_LN
T5_LE
T5_LLocation
T5_Length
T5_Bearing
T6_RN
T6_RE
T6_RLocation
T6_LN
T6_LE
T6_LLocation
T6_Length
T6_Bearing
T7_RN
T7_RE
T7_RLocation
T7_LN
T7_LE
T7_LLocation
T7_Length
T7_Bearing
Plot_Directions

Field
Width
8
8
16

dbInteger

2

dbDouble
dbDouble
dbDouble
dbDouble
dbDouble
dbDouble
dbDecimal

8
8
8
8
8
8
16

dbInteger

2

dbDouble
dbDouble
dbDouble
dbDouble
dbDouble
dbDouble
dbDecimal

8
8
8
8
8
8
16

dbInteger

2

dbDouble
dbDouble
dbDouble
dbDouble
dbDouble
dbDouble
dbDecimal

8
8
8
8
8
8
16

dbInteger

2

dbMemo

0

Table Name: tbl_LP_Belt_Transect
Description: Table of transect information for 5 meter belt transect measurements.
Field Name Field Description
Field Type Field Width
Transect_ID Unique record identifier - primary key dbText
50
Event_ID
Foreign key to tbl_Events
dbText
50
Transect
Transect number: 1 to 7
dbByte
1

Field Name
Visit_Date
Observer
Recorder

Field Description
Date of visit
Name of person observing
Name of person recording

Field Type Field Width
dbDate
8
dbText
50
dbText
50

Table Name: tbl_LP_Densiometer
Description: Table of Spherical Densiometer point intersection counts in 5 meter belt
transect.
Field Name Field Description
Field Type Field Width
SD_ID
Unique record identifier - primary key dbText
50
Transect_ID Foreign key to tbl_LP_Belt_Transect dbText
50
Point
Point on transect
dbText
4
Total1
Total count, measurement 1
dbInteger
2
Total2
Total count, measurement 2
dbInteger
2
Total3
Total count, measurement 3
dbInteger
2
Total4
Total count, measurement 4
dbInteger
2
Table Name: tbl_LP_Exotic
Description: Table of exotic perennial species in 5 meter belt transect.
Field Name Field Description
Field Type Field Width
Exotic_ID
Unique record identifier - primary key dbText
50
Transect_ID Foreign key to tbl_LP_Belt_Transect dbText
50
Species
Exotic species code
dbText
15
Alive
Is species alive?
dbBoolean
1
Total
Total count
dbInteger
2
Table Name: tbl_LP_Intercept
Description: Table of cross-section point intercept measurements.
Field Name
Field Description
Field Type
Intercept_ID
Transect_ID
Point

Unique record identifier - primary key
Foreign key to tbl_LP_Transect
Intercept point - increments of 0.5m up to length
of transect
Top
Top canopy species code
Alive
Is top canopy species alive?
Surface
Soil surface code
Surface_Alive If soil surface is a species, is it alive?
LCS1
Lower canopy species 1 - Database flattened to
accommodate field data entry and work around
Access limitations.
LCA1
Lower canopy alive 1
LCS2
Lower canopy species 2
LCA2
Lower canopy alive 2
LCS3
Lower canopy species 3
LCA3
Lower canopy alive 3

dbText
dbText
dbDecimal

Field
Width
50
50
16

dbText
dbBoolean
dbText
dbBoolean
dbText

15
1
15
1
15

dbBoolean
dbText
dbBoolean
dbText
dbBoolean

1
15
1
15
1

Field Name

Field Description

Field Type

LCS4
LCA4
LCS5
LCA5
LCS6
LCA6
LCS7
LCA7
LCS8
LCA8
LCS9
LCA9
LCS10
LCA10
D1
D2
D3
D4
D5

Lower canopy species 4
Lower canopy alive 4
Lower canopy species 5
Lower canopy alive 5
Lower canopy species 6
Lower canopy alive 6
Lower canopy species 7
Lower canopy alive7
Lower canopy species 8
Lower canopy alive 8
Lower canopy species 9
Lower canopy alive 9
Lower canopy species 10
Lower canopy alive 10
Disturbance code 1
Disturbance code 2
Disturbance code 3
Disturbance code 4
Disturbance code 5

dbText
dbBoolean
dbText
dbBoolean
dbText
dbBoolean
dbText
dbBoolean
dbText
dbBoolean
dbText
dbBoolean
dbText
dbBoolean
dbText
dbText
dbText
dbText
dbText

Table Name: tbl_LP_Seedling
Description: Table of tree seedlings in 5 meter belt transect.
Field Name Field Description
Field Type Field Width
Seedling_ID Unique record identifier - primary key dbText
50
Transect_ID Foreign key to tbl_LP_Belt_Transect dbText
50
Species
Seedling species code
dbText
15
Total
Total count
dbInteger
2
Table Name: tbl_LP_Shrub
Description: Table of mature trees in 5 meter belt transect.
Field Name Field Description
Field Type Field Width
Shrub_ID
Unique record identifier - primary key
dbText
50
Transect_ID Foreign key to tbl_LP_Belt_Transect
dbText
50
Species
Tree species code
dbText
15
Alive
Is tree species alive?
dbBoolean
1
DBH
Diameter at breast height in centimeters dbSingle
4
Table Name: tbl_LP_Transect
Description: Table of transect information for cross-section point intercept
measurements.
Field Name Field Description
Field Type Field Width
Transect_ID Unique record identifier - primary key dbText
50
Event_ID
Foreign key to tbl_Events
dbText
50
Transect
Transect number: 1 to 7
dbByte
1

Field
Width
15
1
15
1
15
1
15
1
15
1
15
1
15
1
15
15
15
15
15

Field Name
Visit_Date
Observer
Recorder

Field Description
Date of visit.
Name of person observing
Name of person recording

Field Type Field Width
dbDate
8
dbText
50
dbText
50

Table Name: tbl_Monument
Description: Table of monument tree information.
Field Name
Field Description
Monument_ID
Location_ID
Monument_Code
Tag_No
Species
DBH
Bearing
Rebar_Distance

Unique record identifier - primary key
Foreign key to tbl_Locations
Corner code (tlu_Monument_Code)
Tag number of monument tree
Species code of monument tree
Diameter at breast height in centimeters
Bearing from monument tree to rebar in
degrees
Distance from center point of monument tree
to rebar in meters

Table Name: tbl_OT_Census
Description: Table of reach tree census information.
Field Name
Field Description
Census_ID
Event_ID
Tag_No
Species
DBH
Crown_Health
Notes

Unique record identifier - primary key
Foreign key to tbl_Events
Tag number
Tree species code
Diameter at breast height in centimeters
Crown health class (tlu_Crown_Health_Class)
Notes about any significant damage to a living
tree

Table Name: tbl_Pebble_Count
Description: Table of pebble counts.
Field Name Field Description
Pebble_ID
Unique record identifier - primary key
Transect_ID Foreign key to tbl_Pebble_Transect
P1
b-axis measurement to nearest 0.1 cm, pebble
1
P2
b-axis measurement to nearest 0.1 cm, pebble
2
P3
b-axis measurement to nearest 0.1 cm, pebble
3
P4
b-axis measurement to nearest 0.1 cm, pebble

Field
Type
dbText
dbText
dbText
dbInteger
dbText
dbSingle
dbInteger
dbSingle

Field
Width
50
50
5
2
15
4
2
4

Field
Type
dbText
dbText
dbInteger
dbText
dbSingle
dbInteger
dbText

Field
Width
50
50
2
15
4
2
255

Field
Type
dbText
dbText
dbSingle

Field
Width
50
50
4

dbSingle

4

dbSingle

4

dbSingle

4

Field Name

P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24
P25
P26

Field Description
4
b-axis measurement to nearest 0.1 cm, pebble
5
b-axis measurement to nearest 0.1 cm, pebble
6
b-axis measurement to nearest 0.1 cm, pebble
7
b-axis measurement to nearest 0.1 cm, pebble
8
b-axis measurement to nearest 0.1 cm, pebble
9
b-axis measurement to nearest 0.1 cm, pebble
10
b-axis measurement to nearest 0.1 cm, pebble
11
b-axis measurement to nearest 0.1 cm, pebble
12
b-axis measurement to nearest 0.1 cm, pebble
13
b-axis measurement to nearest 0.1 cm, pebble
14
b-axis measurement to nearest 0.1 cm, pebble
15
b-axis measurement to nearest 0.1 cm, pebble
16
b-axis measurement to nearest 0.1 cm, pebble
17
b-axis measurement to nearest 0.1 cm, pebble
18
b-axis measurement to nearest 0.1 cm, pebble
19
b-axis measurement to nearest 0.1 cm, pebble
20
b-axis measurement to nearest 0.1 cm, pebble
21
b-axis measurement to nearest 0.1 cm, pebble
22
b-axis measurement to nearest 0.1 cm, pebble
23
b-axis measurement to nearest 0.1 cm, pebble
24
b-axis measurement to nearest 0.1 cm, pebble
25
b-axis measurement to nearest 0.1 cm, pebble
26

Field
Type

Field
Width

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

Field Name

Field Description

P27

b-axis measurement to nearest 0.1 cm, pebble
27
b-axis measurement to nearest 0.1 cm, pebble
28
b-axis measurement to nearest 0.1 cm, pebble
29
b-axis measurement to nearest 0.1 cm, pebble
30
b-axis measurement to nearest 0.1 cm, pebble
31
b-axis measurement to nearest 0.1 cm, pebble
32
b-axis measurement to nearest 0.1 cm, pebble
33
b-axis measurement to nearest 0.1 cm, pebble
34
b-axis measurement to nearest 0.1 cm, pebble
35
b-axis measurement to nearest 0.1 cm, pebble
36
b-axis measurement to nearest 0.1 cm, pebble
37
b-axis measurement to nearest 0.1 cm, pebble
38
b-axis measurement to nearest 0.1 cm, pebble
39
b-axis measurement to nearest 0.1 cm, pebble
40
b-axis measurement to nearest 0.1 cm, pebble
41
b-axis measurement to nearest 0.1 cm, pebble
42
b-axis measurement to nearest 0.1 cm, pebble
43
b-axis measurement to nearest 0.1 cm, pebble
44
b-axis measurement to nearest 0.1 cm, pebble
45
b-axis measurement to nearest 0.1 cm, pebble
46
b-axis measurement to nearest 0.1 cm, pebble
47
b-axis measurement to nearest 0.1 cm, pebble
48
b-axis measurement to nearest 0.1 cm, pebble

P28
P29
P30
P31
P32
P33
P34
P35
P36
P37
P38
P39
P40
P41
P42
P43
P44
P45
P46
P47
P48
P49

Field
Type
dbSingle

Field
Width
4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

Field Name

P50
P51
P52
P53
P54
P55
P56
P57
P58
P59
P60

Field Description
49
b-axis measurement to nearest 0.1 cm, pebble
50
b-axis measurement to nearest 0.1 cm, pebble
51
b-axis measurement to nearest 0.1 cm, pebble
52
b-axis measurement to nearest 0.1 cm, pebble
53
b-axis measurement to nearest 0.1 cm, pebble
54
b-axis measurement to nearest 0.1 cm, pebble
55
b-axis measurement to nearest 0.1 cm, pebble
56
b-axis measurement to nearest 0.1 cm, pebble
57
b-axis measurement to nearest 0.1 cm, pebble
58
b-axis measurement to nearest 0.1 cm, pebble
59
b-axis measurement to nearest 0.1 cm, pebble
60

Field
Type

Field
Width

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

dbSingle

4

Table Name: tbl_Pebble_Transect
Description: Table of transect information for pebble counts.
Field Name
Field Description
Field Type Field Width
Transect_ID
Unique record identifier - primary key dbText
50
Event_ID
Foreign key to tbl_Events
dbText
50
Transect
Transect number: 1 to 7
dbByte
1
Visit_Date
Date of visit
dbDate
8
Observer
Name of person observing
dbText
50
Recorder
Name of person recording
dbText
50
Wet_Width
Wetted width in meters
dbSingle
4
Sampling_Interval Sampling interval in meters
dbSingle
4
Table Name: tbl_Photos
Description: Table of reach visit photos
Field Name
Field Description
Photo_ID
Unique record identifier - primary key
Event_ID
Foreign key to tbl_Events
Transect_Direction Transect number and direction
(tlu_Photo_Location)

Field Type
dbText
dbText
dbText

Field
Width
50
50
25

Field Name

Field Description

Field Type

Photo_Date
Photo_Type
Roll
Frame

Date photograph taken.
[not used]
Roll for film photos
Frame for film photos; sequential number
for digital photos
Digital file name
Photographer
Location of photo point along transect in
meters
[not used]
[not used]
Photo comments or description
Digital file name in NCPN Photo Database

dbDate
dbText
dbText
dbInteger

Digital_File
Photographer
Location
Other_Type
Other_Identifier
Comments
NCPN_Image_ID

Field
Width
8
50
10
2

dbText
dbText
dbDecimal

50
50
16

dbText
dbText
dbMemo
dbText

12
50
0
50

Table Name: tbl_Site_Impact
Description: Table of site impact assessment information
Field Name Field Description
Field Type
Field Width
Impact_ID
Unique record identifier - primary key
dbText
50
Event_ID
Foreign key to tbl_Events
dbText
50
Visit_Date
Date of visit
dbDate
8
Recorder
Person recording site impact information dbText
50
Site_Sketch [not used]
dbLongBinary
0
Other_Notes Other disturbance notes
dbMemo
0
Table Name: tbl_SL_Transect
Description: Table of transect information for shrub line-intercept gaps (not used after
2009)
Field Name Field Description
Field Type Field Width
Transect_ID Unique record identifier - primary key dbText
50
Event_ID
Foreign key to tbl_Events
dbText
50
Transect
Transect number: 1 to 7
dbByte
1
Visit_Date
Date of visit
dbDate
8
Observer
Name of person observing
dbText
50
Recorder
Name of person recording
dbText
50
Table Name: tbl_SLI_Gaps
Description: Table of shrub line-intercept gaps (not used after 2009)
Field Name Field Description
Field Type Field Width
SLI_ID
Unique record identifier - primary key
dbText
50
Transect_ID Foreign key to tbl_SL_Transect
dbText
50
Species
Species code
dbText
50
Shrub_Start Start of shrub cover to nearest centimeter dbLong
4
Shrub_End End of shrub cover to nearest centimeter dbInteger
2

Table Name: tbl_Unknown_Species
Description: Table of unknown plant species
Field Name
Field Description

Field Type

Unknown_ID
Species_ID
Unknown_Code
Collected_by
Plant_Type

dbText
dbText
dbText
dbText
dbText

Unique record identifier - primary key
[not used]
Temporary code for unknown species
Person collecting specimen
Plant type: herb, shrub, tree, grass,
sedge, other
Plant_Description
General description
Salient_Feature
Most salient feature
Leaf_Type
Leaf type: compound/simple,
arrangement
Margin
Leaf margin
Other_Characteristics
Other leaf characteristics:
pubescence, sap, stipules
Stem_Characteristics
Stem characteristics: shape,
pubescence, bud
Flower_Characteristics Flower characteristics: color location
floral formula
General_Characteristics General and microhabitat
characteristics
Collected
Was plant collected
Best_Guess
Best guess species name
Confirmed_Code
Confirmed species code
Have_Photos
Are there photos?
Forb_Grass_Type
Annual or Perennial
Perennial_Grasses
Perennial grass type: Bunchgrass or
Rhizomatous
Identified_by
Person making final identification
Identified_Date
Date of identification
Position
Position on Transect (m)

Field
Width
50
50
50
50
50

dbMemo
dbText
dbText

0
255
50

dbText
dbText

50
255

dbText

255

dbText

255

dbText

255

dbBoolean
dbText
dbText
dbBoolean
dbText
dbText

1
50
50
1
10
15

dbText
dbDate
dbInteger

50
8
2

Lookup Tables
Table Name: tlu_Contacts
Description: Contact data for project-related personnel.
Field Name
Field Description
Contact_ID
Last_Name
First_Name
Middle_Init
Organization
Position_Title

Contact identifier (Contact_ID)
Last name (Cnt_Last)
First name (Cnt_First)
Middle initial (Cnt_MI)
Organization or employer (cntorg)
Title or position description (cntpos)

Field
Type
dbText
dbText
dbText
dbText
dbText
dbText

Field
Width
50
50
50
4
50
50

Field Name

Field Description

Address_Type

Address (mailing, physical, both) type
(addrtype)
Address
Street address (cntaddr)
Address2
Address line 2, suite, apartment number
(Cnt_Addr2)
City
City or town (city)
State_Code
State or province (state)
Zip_Code
Zip code (postal)
Country
Country (country)
Email_Address E-mail address (cntemail)
Work_Phone
Phone number (cntvoice)
Work_Extension Phone extension (Work_Ext)
Contact_Notes
Contact notes (Cnt_Notes)

Field
Type
dbText

Field
Width
50

dbText
dbText

50
50

dbText
dbText
dbText
dbText
dbText
dbText
dbText
dbMemo

50
8
50
50
50
50
50
0

Table Name: tlu_Crown_Health_Class
Description: Lookup table of crown health classes
Field Name
Field Description
Field Type Field Width
Crown_Health_Class Crown health class
dbInteger
2
Class_Description
Health class description dbText
50
Table Name: tlu_Densiometer_Point
Description: Lookup table of valid densiometer points
Field Name Field Description
Field Type Field Width
Point
Densiometer measurement point dbText
4
Sort_Seq
Sort sequence
dbInteger
2
Table Name: tlu_Disturbance
Description: Lookup table of site impact disturbances
Field Name Field Description
Dist_Code
Disturbance code
Dist_Type
Disturbance type - 1=In-stream, 2=Terrestrial
Disturbance Disturbance description

Field Type Field Width
dbText
50
dbByte
1
dbText
255

Table Name: tlu_LP_Disturbance
Description: Lookup table of point intercept disturbances
Field Name Field Description
Field Type Field Width
Dist_Code
Disturbance code
dbText
5
Disturbance Disturbance description dbText
50
Table Name: tlu_LP_Soil_Surface
Description: Lookup table for point intercept soil surface codes
Field Name
Field Description
Surface_Code

Soil surface code

Field
Type
dbText

Field
Width
5

Field Name

Field Description

Surface_Description Soil surface description
LC_Code
Lower canopy code - 1=applies also to
lower canopy

Field
Type
dbText
dbByte

Field
Width
50
1

Table Name: tlu_Monument_Code
Description: Lookup table of monument tree corner codes
Field Name
Field Description
Field Type Field Width
Monument_Code 5 character monument corner code. dbText
5
Table Name: tlu_NCPN_Plants
Description: Contains all NCPN master plant species
Field Name
Field Description

Master_Family
Master_PLANT_Code
Master_Species
UT_Family
CO_Family
WY_Family
Utah_PLANT_Code
Utah_Species
Co_PLANT_Code
Co_Species
Wy_PLANT_code
Wy_Species
Add_Synonyms
Taxonomic_Notes
Master_Common_Na
me
ARCH
BLCA
BRCA
CANY
CARE
CEBR
COLM
CURE
DINO (UT)
DINO (CO)
FOBU
GOSP

Field
Type

Field
Widt
h
50
20
50
50
50
50
20
50
20
50

Master_Family
Master Species PLANTS Code
Master Species (ITIS)
Utah Family
Colorado Family
Wyoming Family
Utah Species PLANTS Code
Utah Species (Welsh et al 2003)
Colorado Species PLANTS Code
Colorado Species (Weber & Wittmann
2001)
Wyoming species PLANTS code
Wyoming Species (Dorn 2001)
Additional Synonyms
Taxonomic Notes
Master Common Name

dbText
dbText
dbText
dbText
dbText
dbText
dbText
dbText
dbText
dbText
dbText
dbText
dbMemo
dbMemo
dbText

20
50
0
0
50

Park presence descriptor for ARCH
Park presence descriptor for BLCA
Park presence descriptor for BRCA
Park presence descriptor for CANY
Park presence descriptor for CARE
Park presence descriptor for CEBR
Park presence descriptor for COLM
Park presence descriptor for CURE
Park presence descriptor for DINO - Utah
Park presence descriptor for DINO Colorado
Park presence descriptor for FOBU
Park presence descriptor for GOSP

dbText
dbText
dbText
dbText
dbText
dbText
dbText
dbText
dbText
dbText

15
15
15
15
15
15
15
15
15
15

dbText
dbText

15
15

Field Name

Field Description

Field
Type

HOVE (UT)
HOVE (CO)

Park presence descriptor for HOVE - Utah
Park presence descriptor for HOVE Colorado
Park presence descriptor for NABR
Park presence descriptor for PISP
Park presence descriptor for TICA
Park presence descriptor for ZION
Lifeform derived from USDA Plants
Duration derived from USDA Plants
Nativity derived from USDA Plants
True if species code represents a trinomial
name
True if species code represents a genus
and species designation
Is it a new record?

dbText
dbText

NABR
PISP
TICA
ZION
Lifeform
Duration
Nativity
Trinomial
Unique_Species
New_Record
LU_Code
Wetland_Code

Shorthand (a.k.a. 6-Letter) Lookup Code
Code identifying wetland designation (see
http://plants.usda.gov/wetinfo.html#categori
es)

Field
Widt
h
15
15

dbText
dbText
dbText
dbText
dbText
dbText
dbText
dbBoolea
n
dbBoolea
n
dbBoolea
n
dbText
dbText

Table Name: tlu_Parks
Description: Look-up table of parks in the Northern Colorado Plateau Network
Field Name Field Description
Field Type Field Width
ParkCode
Four-letter abbreviation for park code
dbText
5
ParkName Full name of park where data were collected dbText
50
ParkState
State code.
dbText
2
Table Name: tlu_Photo_Location
Description: Lookup table of transect/direction for photos
Field Name
Field Description
Field Type Field Width
Sort_Sequence Sort order
dbInteger
2
Location
Transect - Direction identifer dbText
25
Table Name: tlu_Rejection_Criteria
Description: Lookup table of reach rejection criteria
Field Name
Field Description
Field Type Field Width
Rejection_Criteria Site rejection criteria dbText
50
Sort_Sequence
Sort sequencing
dbInteger
2
Table Name: tlu_Wetland_Code
Description: Lookup table of wetland indicator categories
Field Name
Field Description
Field Type Field Width

15
15
15
15
255
255
255
1
1
1
25
20

Field Name
Field Description
Field Type Field Width
Monument_Code Wetland indicator code dbText
5
Wetland_Type
Wetland type
dbText
20
Table Name: xref_Event_Contacts
Description: Cross-reference table between events and contacts.
Field Name
Field Description
Field Type Field Width
Event_ID
Link to tbl_Events (Event_ID)
dbText
50
Contact_ID
Link to tlu_Contacts (Contact_ID)
dbText
50
Contact_Role The contact's role in the protocol (Cnt_Role) dbText
50

Metadata Tables
Table Name: tbl_master_version
Description: Table of protocol version information
Field Name
Field Description

Field Type

project_ID

dbLong

Project ID number to ensure uniqueness
across all projects
version_key_number Protocol version key number
version_key_date
Date of protocol version key number
narrative_version
Version of protocol narrative
version_comments
Comments regarding version, if any
Table Name: tbl_SOP_version
Description: Table of SOP version information
Field Name
Field Description
version_key_number Protocol version key
SOP_number
SOP number
SOP_version_number SOP version number
active_flag
Yes indicates SOP is active

dbLong
dbDate
dbDecimal
dbMemo

4
8
16
0

Field Type Field Width
dbLong
4
dbLong
4
dbDecimal
16
dbBoolean
1

Table Name: tlu_projects
Description: Table of NCPN project information
Field Name
Field Description

Field Type

project_ID

dbLong

Project ID number to ensure uniqueness
across all projects
project_name
Project name
project_linkfile
Path and file name of project database
project_include_flag True indicates project is to be included in
query results
project_comments
Comments regarding project, if any
Table Name: tsys_App_Releases

Field
Width
4

dbText
dbText
dbBoolean
dbMemo

Field
Width
4
50
255
1
0

Description: Application table - Application release history
Field Name
Field Description
Release_ID
Release_date
Database_title
Version_number
File_name

Unique identifier for the release
Date of the release
Title of the database
Version control number
Filename, used to identify older versions of
the database
Release_by
Person who made the release
Release_notes
Release notes, which may include a
summary of revisions
Author_phone
Phone number of application author
Author_email
Email address of application author
Author_org
Organization (NPS Unit code) for the
author's place of work
Author_org_name Name of organization for author's place of
work

Field
Type
dbText
dbDate
dbText
dbText
dbText

Field
Width
50
8
100
20
50

dbText
dbMemo

50
0

dbText
dbText
dbText

50
50
10

dbText

100
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This SOP provides an overview of analysis and reporting procedures. After raw data from the
field season are quality checked and certified, they are then summarized to the feature level.
Additional QAQC is performed comparing these data to previously collected data to catch
misidentified species and values that represent unlikely amounts of change between years. Once
data quality issues are resolved, analyses can be conducted. Two general types of analyses are
performed: 1) annual reporting of the most recent monitoring observations (annual reports and
briefs), and 2) comprehensive assessments of the long term data set (variance estimation of the
overall sampling design, evaluation of status and trends, and correlations with other vital signs).

1.0 Data Summary
The sampling unit for all big river analyses is the feature, and sub-samples recorded on plots
must be scaled to this level. Vegetation and geomorphology data may be integrated at the
transect level, but ultimately need to be summarized to the feature level. Summary queries
should be created in Access to expedite this process.

Vegetation Summaries
Richness
Data from the 1-m belt transect (BLCA) and 1-m plots (DINO and CANY) are used to calculate
species richness, or the number of unique species encountered. For each reach, calculate
richness of all species and of native species.

Percent Cover
Percent cover is calculated for each species, life form, wetland status group, ground cover
attribute, and disturbance using data from 1-m belt transects and 1 m plots. It is derived by
summing the percent cover from each plot and dividing by the total number of plots, times 100
(eq. 1, Table 1).
Exotic frequency
Exotic frequency is derived from the number of detections of each exotic species in the 1-m2
quadrats, and reported as the percent of detections.

Geomorphology Summaries
After total station survey post processing, relevant geomorphic surfaces are delineated by
elevation or abrupt surface breaks on each transect. The data can then be integrated with other
measurements or summarized to the reach-level.
Channel morphology
The mean active channel width and depth in meters (eq. 2, Table 1) and the channel gradient in
percent slope are calculated for the feature using data from the geomorphology survey transects.
The distribution of particle sizes in the channel bed is derived from the modal particle size.
Flood plain morphology
The mean flood plain width and elevation in meters is calculated for the reach using data from
the geomorphology survey transects. The delineation of the flood plain will be estimated until
enough hydrologic data are collected to determine this.

Integrated Summaries
Vegetation data are integrated with the geomorphology survey transects to derive mesic to xeric
plant cover by surface elevation and species richness and percent cover by geomorphic surface
elevation.
Inundation duration of the floodplain (% of growing season) will be determined using
geomorphology surveys and hydrologic data, and will be more meaningful as additional floods
are recorded. Inundation frequency of the floodplain (return frequency in years) requires multiple
years of hydrologic data in addition to a survey of the flood plain.

Table 1. Formula for deriving reach-level measures.
_________________________________________________________________________________________________________________________________________

Percent Cover

PC = (h / n)*100

(1)

where PC = percent cover
h = percent cover of each species by plot
n = the total number of plots per feature by geomorphic surface
Mean (channel width, etc.*)
v

M = (∑ ci ) / v

(2)

i=1

where M = mean channel width in m
ci = channel width in m for transect i in a reach
v = the total number of transects in the reach
* channel width shown in this example, but this formula is also used for channel depth, flood plain width and
elevation, annual and growing season stream stage, annual and growing season stream discharge, annual flood
stage, and depth to ground water.
___________________________________________________________________________________________________________________________________________

2.0 Data Quality Assessment
Before data analysis and reporting, reach-level data should be additionally evaluated for
reasonable levels of change based on historical conditions at each reach. For instance, a measure
may appear to be valid based on the database domain, but represent an unreasonable (and
unlikely) change in reach conditions since the last field visit.
Summarized attributes should be compared between years, and all suspect values (large increases
or decreases) should be flagged and resolved before the data are analyzed. In addition, data
should be evaluated for the omission of historically dominant species or the appearance of
dominant species not detected in previous years. New occurrences of a species should be
compared with the park-level species list and species-range limits.
Suspect measures or species should be evaluated by field crew members and by field verification
if possible. Any corrections made to the database should be recorded in the QAQC log. Suspect
data that are not resolved should also be flagged in the QAQC log so that it can excluded from
analyses, if appropriate. Suspect data that cannot be resolved in the office should be brought to
the attention of the field crew at the next monitoring visit so that they may eventually be
resolved.

3.0 Annual Reporting
Annual Reports
The primary objectives of the annual report are to 1) document monitoring activities for the year,
2) summarize annual data and describe the current condition of resources, and 3) provide
information to park managers in a timely manner that increases data utility and communication.

A separate annual report is completed for each NCPN park unit with riparian monitoring.
Existing NCPN annual reports should be consulted for formatting.
Annual Briefs
Each year, information from annual reports and other analyses is further summarized in 1-2 page
briefs that provide resource managers with a concise summary of issues of concern. NCPN
produces two types of briefs: vital signs briefs and park briefs. The riparian vital signs brief
summarizes findings from riparian monitoring in all NCPN parks. Park briefs are produced for
each NCPN park unit and contain a section on riparian monitoring. Existing vital signs briefs
and park briefs should be consulted for formatting.

4.0 Comprehensive Assessments
Comprehensive analyses and reports are completed periodically on the long term data set.
Comprehensive reports should be structured like typical scientific manuscripts (introduction,
methods, results, discussion, and literature cited sections) and may include any of the analyses
described in this section.
Sampling-Design Variance Assessment
The sampling design for riparian monitoring at each stream is documented in a separate report
that outlines specific sampling objectives. Periodic checking of the assumptions of the sampling
design affords timely opportunities to invoke enhancements to meet the original monitoring and
sampling objectives. Sampling designs are evaluated by calculating variance and power for
trend, and assessments are recommended every 5-7 years.
Variance estimates are derived from all years of monitoring data, not just observations from the
current field season. Where necessary, alternative survey designs are evaluated to determine
appropriate enhancements, such as an increase in sample size or more frequent visits to
established reaches, to achieve the original sampling objective. Power-for-trend is evaluated
with alternative numbers of panels, sample sizes, and re-visit schemes. A trend may be reported
as a yearly rate or a rate over a set number of years. This conversion is outlined for increasing
(eq. 3, Table 2) and decreasing (eq. 4, Table 2) rates of trend. Results are then used to determine
which survey designs best meet the original sampling objectives.

Table 2. Formula for converting a yearly rate of trend to a rate of trend over a set number of
years.
________________________________________________________________________________________________________________________________________________

Conversion for rate of trend

I = ert

(3)

D = 1 - ert

(4)

where;
I = % increase over t years
D =% decrease over t years

r = the yearly rate of increase or decrease
t = the total time period of increase or decrease

________________________________________________________________________
Status and Trend Assessments
The underlying motivation for using survey designs to monitor big rivers is the ability to make
inferences to a finite, target population. Alternatively, model-based designs and assessments rely
on modeled relationships, and thus tend to have inherent assumptions, and in some cases,
limitations in terms of the scope of inference. However, model-based assessments may be useful
to help explain reasons for trends observed in survey-design efforts, and information from other
vital signs monitoring (e.g., climate, air quality, land use, land condition) or other sources may
prove critical to interpreting observed riparian trends. Bayesian methods may detect trends
earlier than frequentist methods and should be developed over time.
Status and trend analyses are performed after at least 5 years of monitoring data are collected.
When significant trends are detected, reasons for these trends should be evaluated by literature
reviews, comparison with similar data sets, and additional assessments using ancillary
information. When unidirectional trends are not detected, correlations may help us understand
system drivers.

Frequentist Methods
Frequentist trend assessments of complex survey designs are performed using a mixed-effects
model (Larsen et al. 1995). Reach-scale measures are used in the model and evaluated on the
basis of time. The output from this model is a measure of the intercept and slope, the
significance of the slope and intercept being different from zero, and measures of the variance
and covariance of the regression parameters. A significant slope indicates a significant trend at
the alpha level used to assess significance or below.
Status is the condition of the attribute and is derived in two ways. If the trend slope is not
significantly different from zero, mean and variance of status is simply the mean and variance of
all measures of the attribute up to the current time period. If the slope is significant, then status
is the solution of the regression model for the latest time period of the data used to generate the
trend line (eq. 5 in Table 3). Variance measures of mean status are derived from the covariance
matrix of the regression coefficients (eq. 6 in Table 3).

Table 3. Formula for deriving status and trend estimates.
________________________________________________________________________________________________________________________________________________

Mean Status From a Trend Line

STt = b0 + b1* t
where;
STt = estimate of mean status at time = t
b0 = the estimated intercept parameter
b1 = the estimated slope parameter

(5)

t = the most recent time period of the data (in the same units used
to generate b0 and b1)
Standard Error of Status

SeSTt = √ (σ2b0 + 2t σb0b1 + σ2b1t2)

(6)

where;
SeSTt = the standard error of the mean-status estimate at time = t
σ2b0 = the variance of the intercept parameter
σb0b1 = the covariance of the regression parameters
σ2b1 = the variance of the slope parameter
t = the most recent time period of the data

________________________________________________________________________
Model-Based Methods
Model-selection procedures consider a range of potential factors influencing directional change
in resource conditions. Even if a significant trend occurs as a function of time, the relationship
between other explanatory variables and riparian measures should be evaluated to determine
potential ‘causal’ factors of trends. These other explanatory variables can include biophysical
features of the reaches as well as measures from other vital signs monitoring (e.g., climatic
conditions).
Model selection methods (Burnham and Anderson 1998) evaluate the explanatory power of
different models of trends in big river measures. Multiple models are considered, each with
different combinations of independent variables and interaction terms. All models should be
based on hypothesized, ecologically meaningful relationships. Adjusted AIC (Akaike’s
Information Criterion) values generated with a mixed-effects model are used to determine the
best predictive model as well as the importance of independent variables.
The primary model in this model-selection procedure is the response of interest vs. time (see
frequentist methods above). Alternative models can be based on measures of climate, air quality,
land use, and land condition, as well as other measures that may be considered important. When
evaluating other variables, they are either included in an interaction with time or time is replaced
with the variable.
The result of the model-selection procedure is the selection of the model (i.e., set of independent
variables) which best predicts the trend of the response variable. This, in turn, aids in explaining
reasons for the observed trend. For instance, if alternative models with one or more driver
attributes (e.g., drought days) accounted for more variance than just using time, trends may be
attributed to these attributes in a correlational relationship, but not necessarily a causal
relationship. If alternatives to time account for less variance, other avenues of investigation
should be considered to explain reasons for observed trends.
Bayesian Methods
Bayesian methods for trend assessment identify the probability of different slope-parameter
values (Gelman et al. 2000, Wade 2000) given the observed data. This differs from frequentist

methods which calculate the probability of observing data given a specific value for a parameter,
such as the null hypothesis. Assessing the probability of different slope values is potentially
important for various reasons. First, sampling designs are largely based on a few key features.
The minimum detectable trend at a reasonable power level for many of the other responses will
likely be much higher. Estimating the probability of slope values may be the best way to provide
insight into trends for these attributes. Second, even for the key features around which sampling
designs were based, Bayesian methods may reveal the potential of declining trends before
rejecting the null hypothesis that the regression slope equals 0 with conventional statistics.
Bayesian methods use a likelihood distribution generated from the sample data that provides the
probability of observing the data for every possible parameter value. Combining this with a prior
distribution produces a posterior distribution which is used to make inference about parameters.
The prior distribution reflects previous knowledge about the distribution of parameters. In the
absence of such knowledge, a non-informative distribution can be used, which essentially is a
uniform distribution across the range of the likelihood distribution. In subsequent analyses, the
posterior distribution of previous assessments is used as the prior distribution. The posterior
distribution allows assessments of the probability of user-selected parameter values. The
probability of various increasing and decreasing slopes should be evaluated based on the
posterior distribution and the consequences of not alerting management of a potential trend. The
result of this assessment is the derivation of the probability of different levels of decline/increase.
Even though conventional statistics may not reveal a significant trend, relatively high
probabilities (e.g., >0.70) of trends with a Bayesian method may warrant special attention.
Correlations
There will be instances where a monitored attribute fails to exhibit a trend (i.e., a direction
change), but instead may have periods of decline followed by recovery. In other words, natural
variation may be more evident than a precipitous decline or increase, and it may mirror the
variation in a key driver attribute. Discerning this variation and reasons for it can involve many
complex procedures. As a first step, however, correlational methods can provide useful insight
and are relatively simple.
For attributes that fluctuate between declines and increases, correlations with climate, air quality,
land cover/use, land condition, and other potential drivers should be considered. Strong
correlations between a response and driver may be sufficient to understand reasons for the
observed variation over time (e.g., strong correlation between shrub cover and annual
precipitation).
Another type of correlation assessment is path analysis (Lindquist 2000). This method accounts
for the inter-correlated structure among factors by decomposing correlations to direct and
indirect effects. For instance, changes in grass cover in a shrub-steppe system may be influenced
by shrub cover alone or by climate alone or by the influence of climate on shrub cover. A path
analysis would decompose the effects of climate and of shrubs on grass cover, while considering
the combined influence of climate and shrubs. The result of a path analysis is the indication of
the strength of direct and indirect factors on a response, thus providing insight into reasons for
the observed changes in a response. Path analysis is based on correlation values and the
simultaneous solution of structural equations. Simple examples of the construction and use of
path analysis are provided in Lindquist (2000) and Van Bruggen and Arneson (1986); details of
path analysis are provided in Pugesek et al. (2003).
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This SOP explains how to make and track changes to the protocol narrative and related SOPs.
Following these guidelines ensures that data collection and processing procedures are
documented and retained for use and interpretation of historical data sets. Project staff should
refer to this SOP when any changes to an approved protocol document are necessary. The
procedures in this SOP are based on the NCPN Protocol Versioning Guidance Document
(NCPN-NPS 2009).

Procedures
1. Modifications must be reviewed for clarity and technical soundness. Small changes or
additions to existing methods will be reviewed in-house by NCPN Inventory and Monitoring
staff. An outside review is required for substantive changes in methods. Regional and
national staff of the National Park Service and experts outside of the Park Service with
familiarity in vegetation and soil monitoring and data analysis will be used to review major
changes.
2. Record all changes to a protocol document (protocol narrative or SOP) in the document’s
revision history log, even minor edits like fixing typos or formatting changes. It is not
necessary to record the specific edits made, rather just the fact that typos were fixed or
formatting changes were made. For minor edits, record the same document version number
in the revision history log. For actual protocol changes (e.g., changes in methods,
equipment), assign a new version number in the revision history log. Depending on the
significance of the changes, it may be okay to combine multiple changes in the same entry in
the revision history log. Version numbers increase incrementally by hundredths (e.g. version
1.01, version 1.02, etc.) for minor changes. Major revisions should be designated with the
next whole number (e.g., version 2.0, 3.0, 4.0 …). Record the previous version number, date
of revision, author of the revision, and the reason for the changes along with the new version
number (if applicable).

3. Narrative and SOP updates may occur independently. That is, a change in one SOP will not
necessarily invoke changes in other SOPs; a narrative update may not require SOP
modifications. The NCPN tracks the narrative and SOP version numbers in a Master Version
Table (MVT), which is maintained in this document (SOP #13). Any time a narrative or an
SOP version change occurs, a new Version Key number (VK#) must be created and recorded
in the MVT, along with the date of the change and the versions of the narrative and SOPs in
effect. The VK number increments by whole integers (e.g., 1, 2, 3, 4, 5). Updates to the
MVT also must be provided to the NCPN Data Manager for inclusion in the master version
table database. The protocol narrative, SOPs, and data should not be distributed
independently of this table.
4. New versions of the protocol narrative and SOPs must be posted on the NCPN web page.
Older versions of the Protocol Narrative and SOPs must be archived in the NCPN Riparian
Protocol Library: (R:\Archive\Monitoring_Archive\Riparian\Protocol).
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