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CHAMP CREW VARIABILITY: INFLUENCE ON TOPOGRAPHY & DERIVED METRICS 

EXECUTIVE SUMMARY 

The Columbia Habitat Monitoring Program (CHaMP) relies heavily on topographic surveys to provide spatially-
explicit maps and snap-shots of habitat conditions. Field crews are responsible for editing their raw topographic 
data and TINs to ensure that their derived maps (e.g. DEMs and water depths) are an accurate portrayal of what 
ǘƘŜȅ ǎŀǿ ƛƴ ǘƘŜ ŦƛŜƭŘΦ  ¢Ƙƛǎ ŜƳǇƘŀǎƛǎ ƻƴ ǘƘŜ ŦƛŜƭŘ ŎǊŜǿΩǎ ŜȄǇŜǊǘƛǎŜ ŀƴŘ ƧǳŘƎƳŜƴǘ ƛǎ ŎǊƛǘƛŎŀƭ ŦƻǊ ǘǿƻ ǊŜŀǎƻƴǎΦ CƛǊǎǘΣ ǘƘŜ 
field crew is in a much better position to assess the accuracy and representativeness of a habitat survey then 
ǎƻƳŜƻƴŜ ǿƘƻ Ƙŀǎ ƴŜǾŜǊ ǾƛǎƛǘŜŘ ǘƘŜ ǎƛǘŜΦ {ŜŎƻƴŘƭȅΣ ǘƘŜ ŦƛŜƭŘ ŎǊŜǿǎΩ ƛƴǾƻƭǾŜƳŜƴǘ ƛƴ ǘƘŜ Řŀǘŀ ŀƴŀƭȅǎƛǎ ǎŜǘǎ ǳǇ ŀƴ 
important positive feedback loop, which helps the crews refine and improve their implementation of the field 
ǎǳǊǾŜȅǎΦ DƛǾƛƴƎ ŎǊŜǿǎ ǘƘŜǎŜ ΨŜȄǘǊŀΩ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ ƛƴǎǘƛƭƭǎ ƛƴ ǘƘŜƳ ƳƻǊŜ ǇǊƛŘŜ ŀƴŘ ƻǿƴŜǊǎƘƛǇ ƻŦ ǘƘŜ ŘŀǘŀΣ ŀƴŘ ŀƭǎƻ 
gives them a better appreciation for how the data will be used. One potential downside of this approach is that the 
variability in effort, skill and implementation of the protocol by each crew could make it: a) more difficult to 
understand the relative quality of the data, and b) limit our ability to detect changes through time in topography, 
habitat, and habitat attributes.  

In order to better understand the influence of crew to crew variability and to what extent stream size influences 
this variability, an experiment was set up at six CHaMP sites within the Grande Ronde Basin, during the 2011 Pilot 
CHaMP season. Seven different crews were sent to six sites within a short-window of time over which it can be 
assumed no geomorphic changes took place. Accordingly, observed differences in surveys could be attributed to 
crew variability. Three of the sites were in small tributary streams (<8 m banfull width; second order stream), and 
three of the sites were on the mainstem Grand Ronde (> 14 m bankfull width; fifth order stream).  In this section, 
we focus on the influence of crew variability on the quality of topographic data and derived products. We set out 
to resolve the following specific questions: 

1. What are the magnitudes of inter-crew variability within sites and what proportion can be attributed to 
systematic surveying or processing errors and blunders? 

2. Does the magnitude of inter-crew variability show consistency in different portions of the survey extent 
(e.g. greater on banks or floodplains and less in the in-channel habitat)? 

3. Are individual crews consistent in their implementation of the protocol (e.g. sampling effort) across sites? 
4. To what extent does crew variability limit our ability to reliably calculate DEM derived metrics such as 

water depth and detect and interpret geomorphic changes to physical habitat from time series data? 

Analysis methods included both basic statistical and advanced spatial analysis approaches.  Our statistical methods 
were geared towards summarizing differences in topographic survey metrics (e.g. total number of points collected, 
survey extent ,etc), while the spatial analysis approaches consisted of estimating spatially variable DEM errors in 
each DEM and various raster comparison methods of the interpolated topographic surfaces (e.g. TINs, DEMs) and 
their derivatives in ArcGIS.  

The primary findings were 

¶ Crews are collecting topographic data of sufficient quality and consistency that their DEMs and water 
depths show the same basic spatial patterns and their distributions and summary statistics are within 
acceptable levels of error. Additional guidance on point densities and breakline data collection could help 
promote higher qualities and consistency. 

¶ The largest observed differences between crews were attributed to a systematic error by one crew 
(different crews across sites).   Most systematic errors are easy to identify and remedy in the data editing 
or QA/QC process (e.g. TIN busts).  These errors are also easy to avoid with more targeted training and 
QA/QC procedures.  

¶ The topographic data between crews is of adequate quality to support geomorphic change detection 
for both obvious changes (reported) and subtle changes in the channel and along channel margins. 
However, crews were not given adequate guidance on how far to extend their survey extents out into 
areas that the channel could plausibly migrate into. These floodplain areas can generally be surveyed with 
minimal effort to facilitate a more accurate portrayal of future geomorphic changes.  
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1: INTRODUCTION 

The goal of the Columbia Habitat Monitoring Program (CHaMP) is to develop and implement fish habitat 

monitoring (status and trend) methods in up to 26 watersheds in the Columbia River basin (Bouwes et al., 2011).  

The CHaMP protocol incorporates both channel unit and total station topographic surveys from which Digital 

Elevation Models (DEMs) and water depths can be derived for every sample reach.  CHaMP relies heavily on 

topographic surveys to provide spatially-explicit maps and snap-shots of habitat conditions. Field crews are 

responsible for editing their raw topographic data and TINs to ensure that their derived maps (e.g. DEMs and 

ǿŀǘŜǊ ŘŜǇǘƘǎύ ŀǊŜ ŀƴ ŀŎŎǳǊŀǘŜ ǇƻǊǘǊŀȅŀƭ ƻŦ ǿƘŀǘ ǘƘŜȅ ǎŀǿ ƛƴ ǘƘŜ ŦƛŜƭŘΦ  ¢Ƙƛǎ ŜƳǇƘŀǎƛǎ ƻƴ ǘƘŜ ŦƛŜƭŘ ŎǊŜǿΩǎ ŜȄǇŜǊǘƛǎŜ 

and judgment is critical for two reasons. First, the field crew is in a much better position to assess the accuracy and 

ǊŜǇǊŜǎŜƴǘŀǘƛǾŜƴŜǎǎ ƻŦ ŀ Ƙŀōƛǘŀǘ ǎǳǊǾŜȅ ǘƘŜƴ ǎƻƳŜƻƴŜ ǿƘƻ Ƙŀǎ ƴŜǾŜǊ ǾƛǎƛǘŜŘ ǘƘŜ ǎƛǘŜΦ {ŜŎƻƴŘƭȅΣ ǘƘŜ ŦƛŜƭŘ ŎǊŜǿǎΩ 

involvement in the data analysis sets up an important positive feedback loop, which helps the crews refine and 

ƛƳǇǊƻǾŜ ǘƘŜƛǊ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ŦƛŜƭŘ ǎǳǊǾŜȅǎΦ DƛǾƛƴƎ ŎǊŜǿǎ ǘƘŜǎŜ ΨŜȄǘǊŀΩ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ ƛƴǎǘƛƭƭǎ ƛƴ ǘƘŜƳ ƳƻǊŜ 

pride and ownership of the data, and also gives them a better appreciation for how the data will be used. One 

potential downside of this approach is that the variability in effort, skill and implementation of the protocol by 

each crew could make it: a) more difficult to understand the relative quality of the data, and b) limit our ability to 

detect changes through time in topography, habitat, and habitat attributes.  

The CHaMP program recently concluded its pilot field season where 12 crews sampled 325 unique sites.  Like any 

monitoring campaign that might rely on different crews, either between years or between sites, CHaMP suffers 

from knowing whether calculated differences between surveyed and derived quantities are real or due to noise 

from discrepancies in how the different crews sampled.  That noise may be due to the inherent precision 

limitations of the measurement methods, sampling differences, interpolation inaccuracies, and/or crew variability 

amongst other factors.  To discern the extent of crew variability this study was conducted to intercompare 

topographic surfaces derived by different crews.   

The objective of this report is to assess the magnitude and effect of variability in the topographic data collected by 

different crews. We seek to enumerate the extent to which  variability in how crews sample topography limits the 

quality and reliability of data, the calculation of metrics derived from topography (e.g. water depth), and the ability 

to reliably make inter-comparisons between different sites and/or changes through time at one site (i.e. time 

series geomorphic change detection analysis). We are particularly interested in differentiating between 

background noise due to inherent acceptable variability in sampling, versus noise and errors due to systematic 

biases in the quality of data from crews. If there are consistently poor performing crews and consistently well-

performing crews or if different crews make a consistent set of blunders or mistakes, this is encouraging as it 

suggests that with better training, better feedback and better QA/QC, the variability of performance between 

crews can be minimized. 
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2: UPPER GRANDE RONDE RIVER SAMPLE REACHES 

Seven crews sampled the same six stream reaches in the Upper Grande Ronde River watershed (Figure 1) from 

June through August 2011.  The Upper Grande Ronde River flows in a northeasterly direction and is a left-bank 

tributary to the Snake River.  The basin encompasses 4238 km
2
, has a mean elevation of 1267 m and has a mean 

annual precipitation of 719 mm.  The six sample reaches selected include 3 smaller stream sites and 3 larger 

mainstem sites (Table 1). The smaller stream sites had average bankfull widths between 5.7 and 7.2 m and 

sampled reach lengths between 120 m and 160 m; whereas the larger streams had average bankfull widths 

between 14.8 and 16.1 m and sampled reach lengths between 320 m and 360 m. Reach slopes varied across all 

sites between 0.92% and 3.00%.  

 

Figure 1. Upper Grande Ronde River crew variability sample reaches. 
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Figure 2 - Site photos of the 3 lower order sample reaches: A. Fly Creek, B. Spring Creek, C. West Chicken Creek and the three mainstem 

sample reaches: D. Grande Ronde River upper E. Grande Ronde River middle, F. Grande Ronde River lower. 

 

Table 1 - Site characteristics for six crew variability sample reaches. 

 

3: STUDY DESIGN 

The study was designed  to analyze replicate topographic data collected by seven CHaMP crews at the six sites 

described in §2: and answer questions related to the magnitude and importance of variability between crews at 

individual sample reaches (inter-crew variability) as well as consistency within crews across sites. Specific questions 

we sought to resolve were: 

1. What are the magnitudes of inter-crew variability within sites? 

a.  What proportion of the inter-crew variability at specific sites can be attributed to systematic 

surveying or processing errors and blunders? 
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b.   Does the magnitude of inter-crew variability show consistency in different portions of the survey 

extent (e.g. greater on banks or floodplains and less in the in-channel habitat)? 

2. Are individual crews consistent in their implementation of the CHaMP protocol across sites? 

3. To what extent does crew variability limit our ability to: 

a. Reliably calculate DEM derived metrics such as water depth? 

b. Detect and interpret geomorphic changes to physical habitat from time series data?   

The study design called for seven crews to sample the same six stream reaches adhering to sampling methods in 

the CHaMP protocol (Bouwes et al., 2011).  The first crew to sample the site established the appropriate site 

length, marked the bottom and top of site and established survey benchmarks.  These site extents and benchmarks 

were used by subsequent survey crews to ensure that common coordinate systems were used, which would 

facilitate the direct comparison of surveys.  In general, all crews sampled the same site within a narrow sampling 

window to minimize any variability in discharge and support the assumption that no physical changes took place 

between the crew visits (Table 2). The only exception is the ODFWUGR crew who surveyed and established the 

three lower order tributary sites early in the sampling season (June 14-16), whereas the other crews and three 

mainstem sites were all sampled in a roughly one month window in August (Figure 3).  As some of the crew 

derived metrics are stage dependent (e.g. water extent, water depth) it was important to discern how stage 

dependent ŜŀŎƘ ŎǊŜǿΩǎ ƻōǎŜǊǾŀǘƛƻƴ ǿŜǊŜΦ  ¢ŀōƭŜ н ŎƻƳǇŀǊŜǎ ǎŀƳǇƭŜ ŘŀǘŜǎ ŀƴŘ ŎǊŜǿ ƳŜŀsured discharge whereas 

Figure 3 shows a hydrograph for the Grande Ronde River.  Unfortunately, the sole USGS gauging station in the 

watershed is located over 150 km downstream in the town of Troy near the mouth of the Grande Ronde River.  No 

continuous sampling of discharge or stage takes place at any of the CHaMP sample reaches, but we can use the 

Grande Ronde hydrograph as a crude proxy and the crew measurements of discharge to discern temporal trends in 

discharge.   Here, in the hydrograph, it is apparent that during the ODFWUGR crew tributary surveys snowmelt 

runoff was influencing streamflow as evidenced by the spike in the hydrograph.  As Figure 3 illustrates, 2011 was 

an exceptional year in terms of snow-pack with flows elevated above baseflows through July. As a result, the 

ODFWUGR crew derived water depth rasters were omitted from inter-comparisons at Fly, Spring and West Chicken 

Creek.  The stabilization of streamflow fluctuations in the hydrograph in the month of August (Figure 3) gave us 

ǊŜŀǎƻƴ ǘƻ ƛƴŎƭǳŘŜ ŀƭƭ ƻǘƘŜǊ ŎǊŜǿǎΩ ǿŀǘŜǊ ŘŜǇǘƘ ǊŀǎǘŜǊǎ ƛƴ the intercomparison. 
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Figure 3 - Hydrograph from November 2010 to 2011 of the Grande Ronde River at USGS gauging station near the town of Troy, OR.  The 

colored bars represent the range of survey dates crews sampled at each site. 

 

Table 2 - Crew sample dates for each site and crew measured discharge.  Null values are for discharge measurements that were too low to 

be discernible (e.g. approximately 0 m3/s) or dates at which the stream depth was too shallow to collect accurate velocity measurements.   

4: CREW VARIABILITY DEFINED 

Figure 4 illustrates graphically some of the primary consequences and scope of crew variability.  The figure shows 

how seven different crews characterized the exact same site (Fly Creek) over a temporal period when we can 

safely assume there have been no substantial geomorphic changes in the channel topography. If there was no 

variability in how crews sampled, all seven figures should be exactly the same. Even though many of the 
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differences are subtle, we can identify variability in the in-channel features individual crews choose to capture.  For 

instance, OFWUGR, QCI and TQ (Figure 4D,E,G inset) captured a small boulder or slump-block that other crews did 

not.  Although it appears that all crews captured all major topographic concavities (i.e. pools) the definitive shapes 

differ (see Figure 4 insets) as a result of where crews chose to: a) emphasize collection of points characterizing the 

bedform, breaklines and b) make post-hoc edits in the construction of their TINs.    Here we also see that 

differences in survey extents delineated by crews will have a direct effect on the range of elevation values 

measured (Table 3) with the ODFWUGR crew having the greatest survey extent and highest measured elevation on 

the floodplain.  The exception is the ELR crew, whose DEM elevation range differs from other crews due to a 

survey blunder where they surveyed from a single control point and incorrectly added 1 meter to the total station 

base unit recorded height (see Appendix B).  Overall we observed variability in the total number of habitat units 

delineated by different crews.  Although 4 of the 7 crews delineated 8 or 9 habitat units at Fly Creek, the CRITFC 

crew delineated a total of 17 habitat units (Table 3).  This reflects that some crews may tend to split habitat units 

(e.g. split a pool with a crosswise shallower intersection into 2 separate pools) while others may tend to lump 

habitat units (see Figure 4H).  We also observed variability in the number of control points that crews chose to 

establish to survey a site (Table 4).  Additional control points require greater effort to set, survey in and then 

relocate the total station base unit to occupy a different control point during the topographic survey.  However, 

additional control points can be advantageous affording a more direct line of site between the base unit and 

survey prism permitting more rapid data point collection.  At Fly Creek, a site with relatively little vegetation, crews 

set 2 to 3 control points (Figure 5).  In contrast, at the relatively steeper and topographically more complex Grande 

Ronde River middle reach, crews established between 5 to 10 control points (Table 4).   In the context of observed 

crew variability, the key question is how significant are both the subtle visible differences and the differences we 

ŎŀƴΩǘ ŘƛǎŎŜǊƴ Ǿƛǎƛōƭȅ ƻƴ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ topographic representation and our ability to derive metrics from that 

data and detect changes? 

 

Table 3 - Summary of observed variability in water depth, DEM elevation values, survey extents and number of habitat units delineated by 

all seven crews at the Fly Creek sample reach.   
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CHAMP CREW VARIABILITY: INFLUENCE ON TOPOGRAPHY & DERIVED METRICS 

 

Figure 4 - DEMs and water depth maps of Fly Creek illustrating variable survey extents and water depths between crews: CRITFC (A), ELR (B), 

ODFWJD (C), ODFWUGR (D), QCI (E), Tetra (F) and TQ (G).  Variability was also observed between crews in habitat unit delineation (H).    

 


















































































































































