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Abstract

Wood is an integral part of rivers that can have both positive and negative impacts
on natural systems and infrastructures. Different techniques have been developed to
quantify wood flux or discharge in rivers. Among them, the stream-side video moni-
toring technique has proven effective for at-a-station wood monitoring with a high
temporal and spatial resolution over an indefinite time period. However, the visual
annotation of wood pieces in the videos is subject to uncertainties due to observer
bias or ‘vision limitations’, and video sampling or ‘time limitations. Vision limitations
mean that there are patches in the recorded image that may or may not be consid-
ered as wood pieces depending on the judgement of the observer. Time limitations
mean that the video record may be sampled to estimate the wood flux rather than
completing a census of the full record due to the time-consuming nature of continuous
visual annotation. To assess these uncertainties, six flood events and 13 video
segments corresponding to more than 37 days and 64,000 pieces of wood were
analysed on two different rivers (Ain and Allier Rivers in France). The results show that
while there is a significant difference between observers for the detection of small
wood pieces (< 1 m in length), no significant difference exists for the detection of large
wood pieces (> 1 m in length). The application of a truncation length (i.e., considering
only wood pieces with a size higher than a certain threshold) reduces the piece number
uncertainty significantly without resulting in a meaningful change in the total volume
of wood. For the time limitation, it is shown that sampling uncertainty depends on
wood flux related to water discharge and flood stages (rising versus falling), so a

dynamic sampling strategy that depends on flood stage is recommended.

KEYWORDS
Ain River, Allier Riveruncertainty inwood flux estimatevideo monitoringvideo sampling,
computer vision, drift wood, large wood, observer bias

a risk factor in terms of flooding and infrastructure damage
(De Cicco et al, 2018; Lassettre & Kondolf, 2012; Mazzorana

Driftwood is a significant component of riverine corridors both
ecologically and morphologically (Abbe & Montgomery, 2003;
Battin et al., 2008; Bocchiola, 2011; Gonor et al., 1988; Gregory
et al., 2003; Gurnell, 2012; Montgomery et al., 2003; Welber, 2013;
Wilcox & Wohl, 2006; Wohl, 2013; Wohl & Scott, 2017). Along
with many positive effects, however, wood might be considered as

et al., 2018; Ruiz-Villanueva et al., 2013; Schmocker & Hager, 2011).
Consequently, many attempts have been made to quantify the
amount of wood in a river and its transport with laboratory
experiments (Lyn et al., 2003; Bocchiola et al., 2008; Ghaffarian
et al, 2020), numerical models (Persi et al, 2018, 2019;
Ruiz-Villanueva et al., 2014; Yin et al, 2003) and through field
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surveys (Gurnell et al., 2002; Piégay et al., 2005; Piégay et al., 2019;
Ruiz-Villanueva et al., 2016a; Wohl et al., 2005).

The dynamics of wood in the riverine environment can be studied
at different temporal and spatial scales using different monitoring
techniques such as plastic tags (Lenzi, 2004; Warren & Kraft, 2008),
passive or active radio frequency identifiers (RFID) (MacVicar
et al., 2009) or global positioning system (GPS) devices (Ravazzolo
et al., 2013). Thanks to rapidly developing new platforms such as kites,
microlights, drones, and satellites (Carbonneau & Piégay, 2012; Lejot
et al., 2007; Sendrowski & Wohl, 2021), airborne and spaceborne mul-
tispectral and hyperspectral imaging systems (Leckie et al., 2005;
Marcus et al, 2003, 2002, 2011) and terrestrial or aerial light
detection and ranging (LiDAR) (Fleece, 2002; Boivin & Buffin-
Bélanger, 2010; Delai et al., 2014; Welling et al., 2021), remote sens-
ing is also widely used to monitor the amount of wood along rivers.

Among various remote sensing studies on wood mobility, ground
videography is a technique that can be used to quantify wood trans-
port as a flux (number of pieces) or a discharge (cubic metre per sec-
ond or hour). Ground videography provides high temporal-resolution
data, which is useful for computing rates of transport and fine-scale
relationships between wood and water discharges, using a camera
that is located in a safe position from flooding on a riverbank or an
infrastructure (Benacchio et al., 2017; Kramer & Wohl, 2014; Lyn
et al., 2003; MacVicar et al., 2009; MacVicar & Piégay, 2012; Muste
et al., 2008). During recent years, there have been many advances in
this technique such as measuring the volume of wood only by counting
the number of pieces passing through the camera section (Ghaffarian
et al., 2020; Zhang et al., 2021), estimating length distribution and
transverse distribution of wood pieces (Ghaffarian et al., 2020), and
showing the effect of flow discharge on wood recruitment in a river
during a flood (MacVicar & Piégay, 2012; Ruiz-Villanueva et al., 2016b;
Turowski et al., 2013; Zhang et al., 2021). The original model was based
on a limited set of floods from the Ain River that were sufficient to
demonstrate a few features such as a threshold of motion (~0.6 of the
bankfull discharge, Q) on this river, high flux during the rising limb of
the flood hydrograph, maximum wood flux at ~Qy, and low flux during
the falling limb (MacVicar & Piégay, 2012). The extraction of such quan-
titative information necessitated manual labelling or annotation of the
videos. Such a procedure is time-consuming, however, and observers
have typically sampled only a portion of the recorded video
(MacVicar & Piégay, 2012; Senter et al., 2017), although a few have
annotated entire flood events (Boivin et al., 2017; Ghaffarian, Lopez,
et al,, 2020; Zhang et al., 2021). Advances over the last decade mean
that automatic monitoring and detection of wood is now possible (Ali
et al., 2012, 2014; Ali & Tougne, 2009; Benacchio et al, 2017;
Ghaffarian et al., 2021; Lemaire et al., 2014), as is continuous modeling
from flow hydrographs to account for wood flux during conditions with
poor visibility such as the nighttime (Zhang et al, 2021). These
advances make the technique cheap and efficient, both for scientists as
well as urban and river managers.

Despite the clear advantages of an automatic technique, a num-
ber of uncertainties remain in the processes of detecting floating
wood from streamside videos and building models from flow hydro-
graphs. Ghaffarian et al. (2021), for example, found it necessary to use
manual annotations on sample videos to train the software and
achieve reliable results. Models of the error associated with different

image properties were created to estimate the wood likely missed by

the automatic algorithm. These steps require users to visually detect
and measure floating wood, which means that limits in the spatial and
temporal resolution of the recorded image and issues related to the
visibility of the water surface such as reflectance need to be
accounted for. Different users may identify wood differently, which
introduces subjectivity into the training data due to user bias. The
modeling procedure also relies on manual annotation of video seg-
ments to better assess wood variability as a function of the flow
hydrograph (Zhang et al., 2021). However, both manual or automatic
wood detection procedures are subject to connection or recording
limitations for remote cameras, which may also reduce the represen-
tativity of the recorded videos because they represent a subset of the
videos rather than the entire flood duration.

This study aims to estimate the observer-bias and time-sampling
uncertainties in the video monitoring technique. We first address suc-
cessively the observer-bias and sampling uncertainties and then pro-
pose some ways to minimize these uncertainties based on the project
requirements. To understand observer-bias, we quantify the variability
of manual annotations of different observers on a set of 15-min video
segments. For the time-sampling uncertainty we took advantage of a
large database of continuously sampled flood events and calculated
the variability in wood flux estimates that results from sampling only a

portion of these events.

2 | STUDYSITES

The data were collected from two different sites, both in France: (i) the
Ain River (Figure 1) with 1.5-year flow discharge, Q; s = 840 m®/s, and
(ii) the Allier River (Figure 2) with Q; 5 = 460 m®/s. The Ain River has
been the subject of a series of studies on wood flux (piece number per
a time interval) and so is relatively well-understood, while there are few
if any studies available on the Allier River to this point. The flow
discharge is calculated based on the water elevation measured at the
gauging station. These data are available online from 1959 on the Ain
River and 1986 on the Allier River at (www.hydro.eaufrance.fr).

The study site in the Ain River is located on its lower reach, a
sixth-order piedmont river flowing through a forested corridor in
France. The channel is typically single thread with occasional islands,
and a freely meandering system with prominent meander scrolls and
cutoff channels (Figure 1a) (MacVicar et al., 2009). The longitudinal
slope at the study site is 0.17%. The hydrograph shows a strong sea-
sonal pattern, with low flows in the summer and most of the floods
occurring between October and April. Bed material sizes are gravel-
cobble mix with a median size of 2.5 cm. The unvegetated channel
width is 65 m on average at the study site, actively shifting so that a
significant amount of wood is delivered by bank erosion. Along the
study site, the wood influx has been estimated over several decades
from the analysis of aerial photographs at 18 to 38 mS3/km/yr
(Lassettre et al., 2008). Floating wood was monitored since 2007 on
the river at Pont de Chazey, where a stream gauge is maintained by a
regional authority (Figure 1b).

The second study site is located in the lower Allier River, France,
in the National Natural Reserve of the Val d'Allier. From its source
(1485 m) to its confluence with the Loire (Becd'Allier, 167 m), the
Allier River is 410 km long and drains a catchment of 14,400 km?. At

the study site, the catchment area is 12,980 km? and the mean annual
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FIGURE 1 Study site at Pont de Chazey:

(a) location of the Ain River course in France (a)
and location of the gauging station; :
(b) camera position and its view angle in
yellow [Color figure can be viewed at

wileyonlinelibrary.com]
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FIGURE 2 Study site at = \%
Chatel-de-Neuvre: (a) location of [ !
the Allier River course in France;

(b) camera position and its view
angle in yellow. [Color figure can be
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flow and biennial flood are respectively 141 and 720 m®/s (based on
data from the Moulins-sur-Allier gauging station 1968-2005)
(Petit, 2006). In this reach, the gravel bed meandering river experi-
enced moderate anthropogenic impact and is characterized by active
lateral erosion up to tens of metres per year (Petit, 2006). The hydro-
logical flow regime is pluvio-nival with peak discharge in winter and
low flows in summer. The longitudinal slope at the study site is 0.21%.
The average active channel width is around 140 m (varies from 100 to
176 m) with a heterogeneous spatial distribution of vegetation pat-
ches with different sizes and ages (Breedveld et al., 2006). Since
November 2019, floating wood was monitored on the river using a
video camera installed at the bridge of Chatel-de-Neuvre, where a
stream gauge is maintained by a regional authority (Figure 2b).

Tree species established on both sites are a mix of soft and hard-
wood species dominated by black poplar (Populus nigra) usually with
other Salicaceae such as Salix sp. (Salix purpurea, Salix triandra, Salix
viminalis, Salix alba) and on older stages with Fraxinus excelsior and
Quercus robur (Herbst & Dejaifve, 2004). White willow (S. alba) forests
are rarer butare observed in alluviated former channels (3% of the
studied area). Prunus-Crataegus shrubs (11% of the studied area)
occupied intermediate stages between grassland and hardwood forest
(6% of the studied area) (Gar6fano-Gémez et al., 2017). The reach is a

very diverse landscape mosaic with complex vegetation patches of
different sizes and ages (Baptist et al., 2006; Breedveld et al., 2006).

3 | MATERIALS AND METHODS

3.1 | Stream-side video camera

On the Ain River, wood pieces were identified and counted using an
AXIS P221 Day/Night™ fixed network camera. The camera was located
on the side of the river closest to the thalweg to provide a maximum
resolution where the majority of wood pieces are observed. The camera
elevation is 9.84 m above the base flow surface at a sufficiently wide-
angle to afford a view of the entire river width during most periods.
Ethernet connectivity enables the automatic transfer of recorded videos
to a central server located at University of Lyon, France. Videos were
recorded continuously at a frequency of 3 ~ 5 fps and 640 x 480 pixels
(for 15-min video segments) and 768 x 576 pixels (for continuous
flood events). On the Allier River, wood pieces were monitored using
a Hikvision DS-2CD2T42WD-18 6 mm fixed network camera. Videos
were recorded continuously at a frequency of 6 fps and a resolution

of 1920 x 1080 pixels. The Allier camera is positioned close to the
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thalweg at 11 m above the baseflow surface, similar to the Ain River,
but it is installed on a bridge and faces downstream. Pixel sizes from
the two points of view vary from ~1 cm to ~1 m.

Using a manual algorithm, written in Matlab R2017a, video play-
back was initiated and stopped by the user when a piece of wood was
observed following the procedure described in MacVicar and Piégay
(2012). Both ends of wood pieces were then digitally annotated on
the stopped video frame and the video was advanced to a later frame
where the ends of the wood pieces were again digitally annotated.
Video frames were rectified and pixel locations calculated in cartesian
coordinates (Ghaffarian, Piégay, et al., 2020). The length of each wood
piece (L, in metres) was then calculated. The volume of each piece of
wood (V, in m®) was calculated as a function of L following the
approach proposed by Ghaffarian, Lopez, et al. (2020) on the Ain
River, with the difference that Ghaffarian, Piégay, et al. (2020) calcu-
lated volume from the measured object length and an empirical rela-
tion between length and diameter while here we calculate volume (V)
directly based on an empirical relation with the object length (L) as
V(L) =0.0077L%3. The validity of using the same function for both riv-
ers is discussed in Section 5.2.

3.2 | Studied events

According to the main purposes of this study, two different strategies

were applied: (i) monitoring 15 min video segments and (ii) monitoring

TABLE 1 Sampled 15 min video segments

Number of wood pieces detected by observers

continuous flood events. As shown in Table 1, five different observers
monitored and detected 11 video segments on the Ain River and four
observers monitored and detected two video segments on the Allier
River in order to assess observer bias. The 15 min video segments
were selected such that they corresponded with different light condi-
tions (e.g., sunshine or cloudy weather or different day times), in order
to evaluate observer-bias in a wide range of contexts. Videos were
also selected so that the amount of wood pieces varied greatly (from
0 to more than 300) to evaluate whether observer-bias is affected by
the absolute flux. For the second objective to assess the effect of
sampling strategies on estimations and uncertainties, six flood events
from both the Ain and Allier Rivers were continuously monitored by a
single observer. In total, around 37 days of video with more than
64,000 detected pieces was annotated for this second objective
(Table 2).

3.3 |
bias

The reliability of observers and the observer

In this study, the annotations were acquired by four to five different
observers. The observers had no experience when they did their
annotations on these videos, and these videos were used to train
them and see if their decision in scoring wood was similar to others.
The difference between observers was first tested by checking the

overall distribution of wood piece lengths and lateral position on both

Wood flux (piece/min)

River Date Time Observer 1 Observer 2
Ain 22 November 2007 9:15 AM 0 0
22 November 2007  11:15 AM 0 0
22 November 2007  12:00 AM 1 0
22 November 2007 3:56 PM 11 12
22 November 2007 5:11 PM 4 4
23 November 2007  7:56 AM 313 226
23 November 2007  9:56 AM 354 313
23 November 2007  10:11 AM 290 216
23 November 2007  11:56 AM 337 175
23 November 2007  2:26 PM 253 95
23 November 2007  5:05 PM 271 136
Allier 25 November 2019 3:33 PM 672 =
23 December 2019  11:15AM 191 =
TABLE 2 Continuous monitoring statistics
River Flood periods Qumax (M3/5s)
Ain 15-16 December 2012 932
1-6 February 2013 701
21-24 January 2018 1430
Allier 23-28 November 2019 494
15-16 December 2019 348
21-30 December 2019 530

Observer 3  Observer4 Observer5 Mean Standard deviation
0] 0 0 0.0 0.0
0] 0 0 0.0 0.0
1 0 1 0.0 0.0
12 10 8 0.7 0.1
5 5 3 0.3 0.1
293 275 313 18.9 24
386 358 326 232 1.9
236 225 210 157 21
243 253 183 15.9 44
143 118 92 9.3 44
216 179 130 12.4 3.9
643 366 408 348 10.5
92 108 128 8.7 29
Total amount of wood
Analysed video (hr) Number Volume (m®)
17:15 7,697 504
56:30 1,465 105
25:45 8,871 310
70:00 24,587 1,109
20:00 3,453 129
100:00 12,773 346
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rivers. Both distributions should be unique in a cross-section
(Ghaffarian, Lopez, et al., 2020) but relatively consistent between
observers.

To further study the observer-bias, we then calculated the total
piece number and the total wood volume for each observer, and then
applied a truncation length such that pieces with length less than this
truncation length were removed from the database of each observer.
We expect that observer-bias is relevant for coarse particulate organic
matter (CPOM) (Turowski et al., 2013) (< 1 m) where it is difficult to
decide if something observed in the video is wood or not. This uncer-
tainty is thought to be higher where pieces are partially emerged from
the water, pixels around the piece are blurry, or there is a lack of con-
trast between wood and water pixel colours, so that size is a critical
parameter. Truncation is a way to minimize the observer bias and we
expect removing smaller pieces should not have effects on overall

wood volume estimate.

3.4 | Sampling time window
To study the effect of the sampling time window on the accuracy of
data acquisition, a flood event duration was divided into equal time
intervals, each with duration At (in this study At = 60 min (Figure 3).
A sample time dt was selected and the ratio of sampled time to total
time defined as the time window. The total amount of wood was then
calculated by extrapolating the annotated data inside dt using the
ratio of At/dt. Sub-sampling the data in this fashion means that the
‘total detection’ will be different from the total amount of wood in
river estimated by a complete annotation of wood due to the non-
uniform distribution of wood within AAt. To calculate the variability
associated with this sub-sampling, we also varied the starting time of
dt from tg =0 to tg = At —dt.

Because the average magnitude of wood flux varies according to

flow conditions and flood stages, it is expected that these variables

>

flow discharge

- WILEYLZ

will also strongly affect the variability of wood flux measurements.

We therefore considered a dynamic sampling strategy by
classifying flow discharge into four groups on each of the rising and
falling limbs (i.e., 0<Q/Q;5<0.5, 0.5<Q/Q15<1, 1<Q/Q15=<1.5,
and 1.5<Q/Q15<2), for a total of eight groups. The variability was
then assessed for each group as the difference between detected and
total number normalized by the total number of wood pieces
(|Ntotal — Ndetected|/Ntotal), and the same for volume, for different time
windows from 1 min to 60 min (see later in Figure 8). The uncertainty
index was then introduced for each of these eight groups as the inte-
gral of the uncertainty values for different time windows (from 1 min
to 60 min). These uncertainty indexes make uncertainty on both rivers
comparable. We also used these indexes to show which part of hydro-
graph is the most important part to monitor (see later in Figure 9).
And finally, thanks to these indexes we introduce three major groups

for an optimum sampling strategy (see later in Figure 11).

4 | RESULTS

41 |
position

Wood length distribution and transverse

The length distribution and transverse position of wood pieces were
compared among observer annotations to check their reliability. No
ground truth value was available, so the median value of all observers
was used for comparison (the red line in boxplots in Figure 4). As
shown on Figure 4(a, b), the wood length distribution is similar among
different observers and in both rivers. Also similar for both rivers are
that most of the wood pieces were annotated in a 10% of the river
section (Figure 4c, d), though the lateral position is different for the
two rivers as wood was detected from 15 to 25% of the width on the

Ain and from 5 to 15% on the Allier. These similarities confirm that

the data provided by all observers are reliable. The fact that length

FIGURE 3 Schematic view of the

t, to+dt

sampled pieces

excluded

sampling time window [Color figure can be
viewed at wileyonlinelibrary.com]

total detection = sampled pieces x At/ dt
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FIGURE 4 Comparison of the results of
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distribution and wood transverse distribution are in the same range
also confirms that using the average value of all observers as the
‘true’ value is a reasonable assumption. Despite the similarities, how-
ever, there are important differences between the observers as
described in the following section.

4.2 | Uncertainty on piece number and volume
according to piece lengths

The difference of piece number between different observers was
assessed using boxplots grouped by wood length (Figure 5). As shown,

the frequency of pieces less than 1 m in length was high in both rivers,

but different observers recorded different frequencies in this size
class, which resulted in a high variability of the estimate. For illustra-
tion, the largest number of the detected wood pieces were in the
CPOM size class, but the relative proportion could be over 40% or
less than 70% depending on the river and the observer (Figure 5a, b).
The lower bound is subject to observer judgement because of the
high frequency of these pieces and their small size such that
observers may consider them as insignificant. Despite their high
frequency, it is also apparent that they represent only ~4% of the
total wood volume even for observers that detect them in large
numbers (Figure 5c, d). In contrast, wood pieces longer than 5 m are
relatively infrequent, but even single observations of these large

pieces can represent a significant portion of the total wood. Their
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large size also means that they are rarely missed by observers.
However, there is considerable uncertainty in their volume due to the
subjectivity of identifying their precise endpoints. In the Allier River in
particular the wood pieces are relatively far from the camera, so small
variations in the endpoint selection will lead to large variation in
volume estimates.

The considerations on the observer variability and impact on
piece volume estimates led us to recommend a strategy of a
truncation length to minimize observer biases. As shown on Figure 6,
progressively higher proportions of wood pieces are removed from
the database as the truncation length increases from O to 1 m
(Figure 6a), but wood volume is relatively insensitive to the truncation
length in this range (Figure 6b). A truncation length of 1 m, for
example, reduces wood frequency by 50% but reduces wood volume
by < 10%. The confidence bounds also show that longer truncation
lengths significantly reduce the variability of the wood frequency
estimates (Figure 6a) without any apparent change in the uncertainty
of the volume (Figure 6b). These patterns again suggest that operators
were inconsistent in their detection and recording of the smaller wood
sizes but that they can be removed from the database without a
significant change in total wood volume. A 1 m in length as suggested
by previous authors (Wohl et al., 2010) is then an appropriate thresh-
old at the spatial resolution of the images in this study.

window

Sampling a fraction of videos significantly reduces monitoring costs
but increases uncertainties in wood frequency and volume estimate.
Following the method described in Section 3.4, a linear relation
between the fraction of monitored videos and the fraction of
detected wood pieces can be established. However, uncertainty for
piece number and volume is relatively high when sampling times are
low (Figure 7), and this uncertainty decreases rapidly as the sampling
time window is increased.

As described in section 3.4, flow discharge was separated into
eight classes on the rising and falling limbs and the uncertainty was
calculated for each class. Figure 8 shows an example of the piece
number uncertainty on the Ain River for 1<Q/Qq5<1.5 during the
rising limb of the flood hydrograph. Though not shown here for the
sake of brevity, separate boxplots from individual floods plotted in
similar ranges but were more variable due to gaps in the data during
the night. For this reason, the uncertainty by discharge class was
calculated from the average of three floods on each of the Ain and
Allier Rivers.

To summarize the results from the discharge class analysis we

calculated an uncertainty index, which was defined as the integral of

1.5
(a) Number

FIGURE 6 Effect of using a truncation
length on (a) normalized piece number and
(b) normalized piece volume. Solid line shows
the median value and upper and lower
dashed lines show first and third quartile of

Truncated / Total

Ain
Allier

(b) Volume

data as the confident bounds. [Color figure
can be viewed at wileyonlinelibrary.com]
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the 99% confidence bound (as shown in Figure 8). Despite some
differences between the two rivers, three stages are apparent for the
uncertainty as a function of discharge class (Figure 9): (i) high uncer-
tainty for Q/Qq.5 >0.5 on the rising limb, (i) smaller uncertainty for
the same range but on the falling limb, and (iii) very small uncertainty
for Q/Q1.5<0.5. According to Figure 9 the uncertainty for detecting
wood pieces is low when Q/Q;5<0.5, which means that sampling
time windows can be relatively small during these lower flow periods.
Not a lot of wood passes during these low flow stages and the few
wood pieces that pass are not significant for estimating overall wood
fluxes. During a flood, however, wood volumes and uncertainty
increase markedly. A significant difference is apparent between the
rising and falling limbs, with the rising limb presenting a particular
challenge due to the peak in the uncertainty that occurs between
0.55Q/Q15<1.0. The uncertainty gradually decreases with flows
above Q4 5 and on the falling limb of the flood. A practical example of
optimizing the sampling strategy to match uncertainty in these three
stages is described in Section 5.3.

0.20

0.15 - .

99% confident bound
0.10

0.05 |-

|Ntotal - Ndetected| / Ntotal

2
1 10 20 30 40 50 60
Time window (min)

0.00

FIGURE 8 The proportion of detected piece number due to time
excluded from sampling as a function of time window on the Ain
River and for 1< Q/Qq 5 < 1.5 on the rising limb of the flood
hydrograph. [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 9 Uncertainty index as a function of flow discharge
[Color figure can be viewed at wileyonlinelibrary.com]

5 | DISCUSSION

51 |
estimate

Observer bias in frequency and volume

Piece number and volume are the two main factors to quantify
wood transport through a river section. While the first is the most
readily available measure in video monitoring, the second also
depends on the size of floating pieces, which is related to image reso-
lution as well as the piece diameter with some additional uncertainty
in the estimated volume due to observer bias (observers may select
different pixels as the borders of a wood piece) (Ghaffarian
et al., 2021). For example, where the pixel size is in the order of 1 cm
near the camera, a one-pixel difference between two different
observers will result in an uncertainty in the length estimate of the
wood piece on the order of 1 cm. However, a similar observer differ-
ence for a wood piece far from the camera will introduce an uncer-
tainty on the order of 1 m. In the same way, visual differences created
by field conditions such as waves or sun reflection on the river surface
can result in differences between observers when selecting the pixels
to define the wood piece geometry or even whether an object is
identified as a piece of wood or not. The video from the Ain River
taken on 23 November 2007 at 2:26 PM (see Table 1) is a good
example showing a big difference of piece number between different
observers. In this video, the windy weather and relatively low light
due to overcast conditions reduced the ease with which wood objects
could be detected from the images.

Based on our observations on two different rivers, the reliability
of video monitoring directly relates to the size of wood pieces. In the
case of CPOM (< 1 m), there is more than 70% uncertainty on piece
number among different observers (Figure 5a). In contrast, observer
annotation is quite reliable for detecting large wood pieces. Therefore,
by applying a truncation length, the uncertainty on piece number
drops down without any considerable change in total volume
(e.g., from more than 20% when Ly =0 to less than 5% for Ly, =1m,
while less than 3% change was observed for the total volume of
wood). In contrast, the uncertainty on wood volume is more consis-
tent and is thought to be related to optical limitations (resolution,
luminosity, etc.) and natural conditions (partial wood submersion, flow
roughness) rather than the observer bias, high discharge or excep-
tional wind and so on, which still needs to be explored (Ghaffarian,
Lopez, et al., 2020; MacVicar & Piégay, 2012; Zhang et al., 2021). It
should be noted that not only manual annotations are affected by the
wood length, but also Ghaffarian, Piégay, et al. (2020) showed the
wood length is a crucial parameter in the accuracy of the automatic
detection and that wood volume estimates are increasingly sensitive
to this parameter as the distance between the wood and the camera
increases. In brief, our observations confirm that it is necessary to
(i) position the camera in a way that most of the wood pieces are pass-
ing close to the camera and (ii) apply a truncation length to the data
set to limit the observer bias. There is therefore a need to carefully
define the target spatial resolution for inter-river comparisons so that
the vision limitation on uncertainty can be properly accounted for. In
this study most of the pieces (more than 90%) were detected where
the spatial resolution was less than 10 cm (5 cm in average), which we
showed is enough to detect wood pieces as small as 1 m without

significant operator bias.
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Moreover, more resolution (smaller pixel size) will result in
increased accuracy when visually assessing the object borders, which
should result in less uncertainty on wood length and volume.
However, based on our observations, uncertainty on piece number
(less than 1 m in length) depends on observer judgement rather than
the camera resolution. Even close to the camera with very small pixel
size there were always some patches in the video that some observers
considered as wood while others did not. For pieces longer than 1 m

all observers had a similar judgement.

5.2 | Link between piece length and volume

As explained in Section 3.1, we used the same relationship between
length and volume on both rivers. The goal here was to adjust this
strategy to calculate wood volume. The positive relation between
wood length on the accuracy of acquired data was also observed by
Ghaffarian, Piégay, et al. (2020). They compared the results of the
length distribution in two different conditions: (i) wood pieces passing
in front of the camera (on the Ain River) and (ii) wood pieces passing
far from the camera (on the Isére River, France). Their comparison
reveals that while the length distribution for pieces more than 2 m
(Ly > 2m) was quite similar, it was totally different for small pieces
(Lyr < 1m). Here, we used the same approach to check the validity of
using the same relation between wood length and volume on both riv-
ers. As it is seen in Figure 10 there is a similar wood length distribu-
tion on both rivers with the correlation of 99% between two length
distribution vectors. Therefore, (i) a similar wood length distribution,
(ii) the same dominant species on both sites, and (iii) a good position
for the camera (near the transverse position where most of the wood
pieces are passing and with almost same pixel size distribution in both
sites (Ghaffarian et al., 2021)), supports the use of the same relation-
ship between length and volume on the Allier River. It should be
noted that uncertainty in piece number is also observed in channel
width as a function of the distance from the camera and image resolu-
tion. However, most pieces pass around the same lateral position in
both rivers, and there was enough data only in around 20m of the
river width which have almost the same resolution.

An
Allier [N

10°

T TTT
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FIGURE 10 Comparison of the wood length distribution on the
two studied rivers. [Color figure can be viewed at wileyonlinelibrary.
com]
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5.3 | Uncertainties associated with sampling

videos

Based on our observations, a static sampling strategy (i.e., using a con-
stant time window over the duration of a flood) is sub-optimal due to
the sensitivity of the sampling error to flow discharge and flood stage.
As a practical recommendation for sampling, we defined three main
groups for the discharge classes (described in Section 4.3); as:
() Q/Q15>0.5 on the rising limb, (i) Q/Qq.5>0.5 on the falling
limb, and (iii) Q/Q4.5<0.5. A larger number of groups could be
used, but based on our experience in monitoring hundreds of hours
of floods and considering the random effects of the river and
different shapes of flood hydrograph, these three groups are the most
practical. Figure 11 shows the uncertainty of sampling for the three
stages of flood based on the three discharge groups. The uncertainty
based on a static sampling strategy (a constant time window all along
a flood) according to the data presented in Figure 7 is shown for
comparison. Note that the presented results average all events from
both rivers.

Figure 11 can be used to select an appropriate sampling strategy
according to the sensitivity of the study. For example, if the goal is to
attain a 5% uncertainty in the annotations, the optimal strategy would
be to sample for 20 min every hour on the rising limbs of the floods
and to not sample during the rest of the flooding period, which
together represents less than 1% of the total wood flux uncertainty.
Moreover, the close agreement between the data on the rising limb
(red line) and the static sampling (black line) shows that sampling only
on the rising limb can reasonably represent the wood mobility in the
river, which considerably reduces monitoring effort. Moreover, the
effect of the dynamic time window is negligible for discharges less
than 0.5Qq 5 (green line) which agrees with MacVicar and Piégay
(2012). Therefore, a practical recommendation to monitor the
maximum amount of wood in an optimum amount of time is to
monitor only floods above a certain discharge threshold and to
prioritize the rising limb of the flood. However, it should be noted
that this method can only be used as a rough guess to limit the
uncertainties.

10°

— 0.5<Q/Q, 5<2, rising limb
— 0.5<Q/Q, 5<2, falling limb
— 0.5>Q/Q,5

— static time window

T T T

|Nt0ta1 - Ndetected| / Ntotal
Lol

V4 A

!

1073 ! ! | ! !
1 10 20 30 40 50 60
Time window (min)

FIGURE 11 Practical chart for establishing a sampling strategy
[Color figure can be viewed at wileyonlinelibrary.com]
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= I WiILEY-
6 | CONCLUSIONS

In this study we examined two sources of uncertainty that result from
applying video monitoring for wood quantification: (i) observer bias or
vision limitation, and (ii) video sampling or time limitation. To assess
these sources of uncertainty, six flood events and 13 video segments
were monitored by four to five observers on two rivers, Ain and Allier,
France.

The results show that using a truncation length significantly
reduces the number of counted wood pieces, but has little impact
on total wood volume. For the video sampling, selecting an
appropriate sampling strategy can reduce monitoring time without
significantly increasing the uncertainty of wood frequency estimates.
For this purpose, it is recommended that a dynamic sampling time
that varies with the flow discharge and flood stages be used rather
than a constant value. Future studies will be needed to quantify
remaining uncertainties related to wood volume estimation and
submergence.

Finally, as mentioned, these videos were used to train different
observers and see if their decision in scoring wood was similar to
others. To do so, we make these videos available as a training set in
the Supporting information so that people can assess their scoring

experience.
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