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EXECUTIVE SUMMARY

The ColumbiaHabitat Monitoring Program (CHaMP) relies heavily on topographic surveys to provide spatially

explicit maps and snaghots of habitat conditions. Field crews are responsible for editing their raw topographic

dataand TINs to ensure that their derived maps (e.g. DEMs and water depths) are an accurate portrayal of what
GKSe atg Ay GKS FTAStERO® ¢CKA& SYLKIaAra 2y GKS FAStR ONB
field crew is in a much betteposition to assess the accuracy and representativeness of a habitat survey then
a2YS2yS 6K2 KILa yYySOSNI GA&aAGSR (GKS aixiasSe {SO2yRféeszx GKS
important positive feedback loop, which helps the crews refamal improve their implementation of the field
adz2NSead DAGAYI ONBsa (GKSaS WSEGNIQ NBalLlRyaAoAftAiGASa A
gives them a better appreciation for how the data will be used. One potential downsidesaproach is that the

variability in effort, skill and implementation of the protocol by each crew could maka) imore difficult to

understand the relative quality of the data, and b) limit our ability to detect changes through time in topography,

habiat, 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 thet2011 Pil
CHaMP season. Seven different crews were sent to sixwithg a shortwindow of timeover which it can be
assumed o geomorphic changes took placaccordingly, observed differences in surveys could be attributed to
crew variability. Three of thetsis were in small tributary streams§sn banfull width; second order stream), and
three of the sites were on the mainstem Grand Rond&4m bankfull width; fifth order stream). In this section,

we focus on the influence of crew variability on the gtyabf topographic data and derived products. We set out

to resolve the following specific questions:

1. What are the magnitudes of intasrew variability within sites and what proportion can be attributed to
systematic surveying or processing errors and b&red

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

3. Areindividual crews consistent in their implementation of the protqead). sampling effort) across sifes

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 methds 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 spatiahalysis 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

1 Crews arecollecting topographic data of sufficient quality and consistentbyat their DEMs and water
depths show the same basic spatial patterns and their distributions and summary statistics are within
acceptable levels of erroAdditional guidance on point detisis and breakne data collection could help
promote higher qualities and consistency

1 Thelargest observed differences between crews were attributed to a systematic ebrpione crew
(different crews across sites). Most systematic errors are easgiifig and remedy in the data editing
or QA/QC process (e.g. TIN bustBese errors are also easy to avoid with more targeted training and
QA/QC procedures

1 Thetopographic data between crews is of adequate quality to support geomorphic change detactio
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 inthesefloodplain 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 @&tersheds in the Columbia River bafiouwes et al., 2091

The CHaMP protocol incorporates both channel unit aoihltstation topographic surveys from which Digital

Elevation Models (DEMs) and water depths can be derived for esample reach CHaMP relies heavily on
topographic surveys to provide spatialiyplicit maps and snaghots of habitat conditions. Fieldrews are

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

61 GSNI RSLIGKAOD INB Fy | OO0dzNI GS LIBRNINIelt 2F gKIG (GKSe@ a
and judgment is critial for two reasons. First, the field crew is in a much better position to assess the accuracy and
NELINBaSyilrGA@SySaa 2F + KIoAGLIG &adNBSe GKSy a2vyS2yS g
involvement in the data analysis sets up ampaortant positive feedback loop, which helps the crews refine and
AYLINRE @GS GKSANI AYLX SYSyilldAzy 2F (GKS FTAStR adaNWSead DAD
pride and ownership of the data, and also gives them a better appreciféiohow 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:i&) more difficult to understand the relative quality of the data, and b) linit ability to

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

The CHaMP programecently concluded its pilot field season where 12 crews sampled 325 unique sitkes.any
monitoring campaign that might rely on different crewaither between years or between siteSHaMPsuffers

from knowing whether calculated differenceé®tween surveyed and derived quantitiese real or due to noise
from discrepancies in how the different crews sampledhat noise may be due to thimherent precision
limitations of the measurement methods, sampling differences, interpolation inaccuracies, and/or crew variability
amongst other factors. To discern the extent of crew variabilithis study was conducted to intercompare

topographic suidices derived by different crews.

The objective of this report is to asseébhe magnitude andffect of variability in the topographic data collected by
different crews We seekto enumeratethe extentto which variabilityin how crewssample topographyimits the
quality and reliability of datathe calculation ofmetrics derived from topography (e.g. water depttgndthe ability

to reliably make intecomparisons between different sites and/or changes through time at one(iséetime
series geomorpic change detection analysis)Ve are particularly interested in differentiating between
backgraind noise due to inherenacceptable variability in sampling, versus noise and errors due to systematic
biases in the quality of data from crews. If there amnsistently poor performing crews and consistently well
performing crewsor if different crews make a consistent set of blunders or mistakieis is encouragings 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 ROND¥EHRSAMPLE RACHES

Seven crews samplédtie samesix stream reaches in the Upper Grande Ronde Riagershed(Figurel) from

June through August 2011The Upper Grande Ronde River flows in a northeasterly direction ankkfisbank
tributary to the Snake RiverThe basin encompasses 4238°kimas a mean elevation of 1267 m and has a mean
annual precipitation of 719 mm. The six sample reaches selected include 3 sstraim sites and 3 larger
mainstem sites {able 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 dnsampled reach lengths between 320 m and 360 m. Reach slopes varied across all

sites between 0.92% and 3.00%.

= GrandeRonde (lower)
N GrandeRonde (middle)
‘Grande Ronde (upper)

West ic?e’n
AC /{
{
v

Oregon State Boundary
Upper Grande Ronde Basin

I T T T T 1 I T I T T 1
0 50 100 150 200 250 Kilometers 0 10 20 30 40 50 Kilometers

Figurel. Upper Grande Ronde River crew variability sample reaches.
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Figure2 - 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.

Site Characteristic

Primary bedform  Avergae bankfull

Elevation (m) Gradient (%) Site length (m)

Stream Name class width (m)

A. Fly Creek 1311 0.92 Pool-Riffle 7.2 160
B. Spring Creek 953 1.92 Pool-Riffle 5.6 120
C. West Chicken Creek 1328 1.25 Pool-Riffle 5.7 120
D. Grande Ronde River (upper site) 1206 1.14 Plane-Bed 16.8 360
E. Grande Ronde River (middle site) 1187 3.00 Step-Pool 16.1 360
F. Grande Ronde River (lower site) 1155 1.00 Pool-Riffle 14.8 320

Tablel - Site characteristics for six crew variability sample reaches.

3: STUDY DESIGN

The studywasdesigred to analyzereplicate topographic data collected byevenCHaMP crewst the six sites
described in 8: and answer questions related to theagnitude andmportanceof variability between crews at
individual sample reachdmter-crewvariability) as well axonsistencywithin crews across t&s. Specific questions

we sought to resolve were:

1. What are the magnitudes of interrew variabilitywithin sites?
a. What proportion of theinter-crew variability at specific sites can be attributed to systematic

surveying or processing errors ahllinders?

: 30f48
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b. Does the magnitude of intesrew variabilityshow consistency in different portions of the survey
extent (e.g. greater on banks or floodplains and less in thehannel habitat)?

2. Areindividualcrews consistent in their implementation of tl@HaMP protocahcrosssites?

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 changesphysical habitafrom time series data?

Thestudy design callefbr seven crewgo sample the same six stream reaches adheringamplingmethods in

the CHaMP protoco(Bouwes et al.2011). The first crew to sample the sitstablishedthe appropriate site

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

were used by subsequent survey crews to enstit@& common coordiate systems were used, which would
facilitate the direct comparison cfurveys In generalall crews sampld the same site withira narrow sampling
window to minimize any variability in discharge and support the assumption that no physical changgdatmmk
between the crew visit§Table2). Theonly exception is the ODFWUGR crew who surveged establishedhe

three lower ordertributary sites early in theampling seasorfJune 1416), whereas the other crews and three
mainstem sites were all sampled in a roughly one month window in Aufrigtire3). As some of the cre

derived metrics are stage dependent (e.g. water extent, water depth) it was important to discern how stage
dependentS OK ONB g Qa 20aSNBIGA2Y sSNB O ¢ $ued dscharge@Bevehdr NB a
Figure3 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 Rived. No
continuoussampling of discharge or stage takes place at any ofdHaMP samplesaches but we can use the
Grande Ronde hydrograms a crude proxy and the crew measurements of dischargiést®rn temporal trends in
discharge. Here, in ¢hhydrograph, it is apparent that during the ODFWUGR crew tributary surveys snowmelt
runoff was influencing streamflow as evidenceg the spike in the hydrographAsFigure3 illustrates,2011 was

an exceptional year in terms of snewack with flows elevated above baseflows through Jubs a resultthe
ODFWUGR crew derived water depth rasters were omitted from-tdenparisons at Fly, Spring and West Chicken

Creek The stabilization of streamflow fluctuations in the hydrograph in the month of Augigtire3) gave us

NBFazy (2 AyOfdzRS | ff 2 th&iGddorpeBBanid Q ¢ §SNJ RSLIGK NI &0 SNE&

A
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USGS 13333000 Grande Ronde River at Troy, OR
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Figure3 - 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.

Crew
Site CRITFC ELR ODFWIJD ODFWUGR QCI Tetra TQ
Fly Creek Survey Date Sepl Aug23 Aug3l June 14  Aug25 Aug22 Aug30
Crew measured Q (mg/s) 0.018 0.005 0.009 0.705 0.022 0.009 0.013
Spring Creek Survey Date Aug 31 Aug24 Aug22 June 16  Aug26 Aug23 Aug29
Crew measured Q (m>/s) 0.003 0.004 0.003 0.087 - 0.003 0.002
West Chicken Creek Survey Date Aug 31 Aug23 Aug2s June 15  Aug?24 Aug28 Aug27
Crew measured Q (ma/s) 0.006 0.007 0.006 0.221 - - 0.006
Grande Ronde River (upper site) Survey Date Aug 1l Aug2l Sepl Augl6  Aug27 Aug24 Aug?28
Crew measured Q (mg/s) 0.799 0.727 0.585 0.820 0.608 0.595 0.656
Grande Ronde River (middle site) Survey Date Aug 15 Augl19 Aug29 Augl1l7  Aug28 Aug25 Aug3l
Crew measured Q (m3/$) 0.677 0.761 0.447 1.091 0.787 0.696 0.715
Grande Ronde River {lower site} Survey Date Aug 11 Augl7 Aug23 Aug 15  Aug29 Aug27 Aug?2t

Crew measured Q (m*/s) 0.785 0.753  0.543 0.982 0.512 0.700 0.689

Table2 - 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 01s) or dates at which the stream depth was too shalldw collect accurate velocity measurements.

4: CREW VARIABILIDEFINED

Figure4 illustrates graphicallysome of the primary consequences and scoperefv variability. The figure shows
how seven different crews characterized the exact same (§itg Creekpver a tempord period when we can
safely assume there have been suobstantialgeomorphicchangesin the channeltopography If there was no

variability in how crew sampled, all seven figures should be exactly the same. Even though many of the
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differencesare subtlewe can identifyvariabilityin the in-channel featuresndividualcrews choose to captureFor
instance, OFWUGR, QCI and(FiQure4D,E,G insetyaptured a smalboulderor slumpblockthat other crews did

not. Although it appears that all crews capturedradijor topographic concavities (i.e. pools) the détive shapes

differ (seeFigured insets)as a result of where crews chose &) emphasizeollecion of points characterizing the
bedform, breaklines andd) make pog-hoc edits in the construction of their TINs Here wealso see that
differences in survey extents delineated by crews will have a direct effect on the range of elevation values
measured Table3) with the ODFWUGR crew having the greatest survey extenhayimestmeasured elevation on

the floodplain The exception is the ELR crew, whose DEM elevation range differs from other crews due to a
survey blunder where thesurveyed from a single control point and incorrectly added 1 meter to the total station
base unit recorded height (se®ppendix B. Overallwe observed variability ithe total number of habitat units
delineated by diffeent crews. Although 4 of the 7 crews delineated 8 or 9 habitat wititSly Creekthe CRITFC
crew delineated a total of 17 habitat unifable3). This reflectshat some crews may tend to split habitat units
(e.g. split a pool with a crosswise shallower intersection into 2 separate pebl® othersmay tend tolump
habitat units(seeFigure4H). We also observed variability in the number of control points that crews chose to
establish to survey a sit€Table4). Additional control paits requiregreater 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 batwe base unit and
survey prism permitting more rapid data point collectiofst Fly Creek, a site with relativelitle vegetation, crews

set 2 to 3 control pointsHigure5). In contrast, at the relatively steeper and topographically more complex Grande
Ronde River middle reach, crewstablished between 5 to 10 control poinfBapled). In the context of observed
crew variability, he key question is how significant are both the subtle visible differences and the differences we
OFyQii RA&AOSNY @A akopdg@phiergpreseritaBondndiziuf abilitydto drive nie&i& from that

data and detect chang@s

Crew
Variable Statistic CRITFC ELR ODFWID ODFWUGR Qcl Tetra TQ
Water Depth (m) Min 0 0 0 0 0 0 0
Max 0.56 0.51 0.43 0.72 0.53 0.45 0.57
Mean 0.11 0.11 0.11 0.26 0.12 0.12 0.11
StdDev 0.08 0.07 0.07 0.13 0.07 0.07 0.08
DEM Elevation (m) Min 1311.2 1312.1 1311.2 1311.2 1311.2 1311.2 1311.2
Max 13145 1315.8 1314.7 13154 1314.4 1314.3 1314.7
Mean 13123 13134 1312.3 1312.7 1312.3 13125 1312.3
StdDev 0.54 0.57 0.57 0.69 0.52 0.56 0.54
Wetted Extent (m?) 637.5 579.1 613.7 960.6 592 588.5 584.6
Survey Extent (m®) 1496.8  1986.7  1593.8 3079 14343 24842 14786
No. Habitat Units 17 13 9 8 9 8 11

Table3 - Summary of observed variability in water depth, DEM elevation values, survey extents and number of habitat units delineated
all seven crews at the Fly Creek sample reach.
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Figure4 - DEMs and water depth maps of Fly Creek illustrating variable survey extents and water depths between crews: CRITFC B),), ELR (
ODFWJD (C), ODFWUGR (D), QCI (&, (F¢ and TQ (G). Variability was also observed between crews in habitat unit delineation (H).
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