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Abstract
Large wood promotes fundamental changes in river hydraulics and morphology, playing a relevant
role in river ecology but also in flood hazard. Accurate predictions of large wood dynamics in terms

of deposition patterns and travel distance are still lacking and only recently have numerical models
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been developed to this end. In this work we enhance the capabilities of the numerical model Iber-
Wood in reproducing large wood dynamics in shallow braided rivers and validate it by comparing
simulations with the results of previous laboratory experiments. The flume experiments provide high-
resolution observations of wood travel distances and depositional patterns of wood. The comparison
proves useful to improve the numerical simulation of i) the interactions between wood pieces and the
river bed (e.g., when wood pieces are transported by dragging); ii) wood pieces with roots, and iii) the
formation of wood jams (i.e., accumulations of > 3 wood pieces). A sensitivity analysis reveals the
crucial role of bed topography, with limited effect played by drag and restitution coefficients. Taking
advantage of a controlled environment with similar simplifying hypotheses, we combine the strengths
of both physical and numerical modeling to explore the parameters that are most effective in
controlling wood dynamics. We use the numerical model to explore the effect of unsteady flow
conditions, with different wood supply input. The resulting wood depositional patterns, jam formation
and travel distances during floods may improve our understanding of some of the controls on bio-

geomorphic evolutionary trajectories of braided rivers.

Keywords: Large wood; braided rivers; numerical modeling; physical modeling; Iber-Wood.

Key points:

- The enhanced version of the model Iber-Wood better reproduces dragging wood transport

of pieces with and without roots.

- Detailed numerical simulation of the flow field allowed for the evaluation of location of

wood deposition, and how the latter changes with discharge

- Numerical simulation of unsteady flow conditions showed different wood dynamics during

the rising and falling limbs of floods
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1. Introduction

Instream wood is howadays recognized as one of the crucial drivers of fluvial morphology and
ecology (Gurnell, 2013; Le Lay et al., 2013; Wohl, 2013, 2016; Ruiz-Villanueva et al, 2016; Wohl et
al., 2019). However, a complete understanding of instream wood dynamics (specially in terms of
transport and deposition) is still lacking. Field observations are limited, with low numbers of
monitored sites, short duration of data series, and few river and forest types (e.g., Iroumé et al., 2018).
Scarcity of data is exacerbated by the large spatial and temporal variability of wood availability and
transport processes. Wood depositional patterns and mobility are largely affected by localized wood
input from bank erosion and slopes, as well as by flood history. This makes it difficult to derive
general relationships between flow parameters and wood dynamics, and to predict instream wood
loads. Physical and numerical modeling may help in overcoming this limitation, as they provide
exploratory tools which have proven to be fundamental for a better understanding of the role of
different parameters, such as changes in wood properties, wood input rate, water discharge, or
riverbed morphology (Paola et al., 2009; Bertoldi and Ruiz Villanueva, 2017). Physical modeling also
provides high-resolution data, including details on wood entrainment, transport or deposition, which
are rarely measured in the field. Probably one of the first laboratory experiments investigating
instream wood dynamics was presented by Braudrick et al. (1997), where the authors analyzed wood
dispersion in a mobile bed channel flume. Only very few experiments have been performed so far
with mobile bed conditions. Recently, Davidson et al. (2015) investigated wood stability and transport
in ‘small’ rivers, where wood length was assumed similar to channel width. They evaluated the time
scale needed by newly recruited wood pieces to self-organize into more stable jams. Welber et al.
(2013) and Bertoldi et al. (2014) investigated the deposition pattern of wood in large braided rivers,
where the abundance of exposed sediment bars and the frequent bank erosion provide suitable
conditions for wood recruitment and deposition. These experiments quantified the role of wood piece
dimension and river morphology in driving wood deposition patterns.

The use of numerical models (i.e., computational fluid dynamic models; CFD) to simulate
wood transport started only recently. The first attempts, however, did not include wood as an

additional element, but rather used the outputs from 1D- or 2D-CFD models (i.e., water depth and
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flow velocity) to explain wood motion and entrainment, to predict possible wood trajectories (Merten
et al., 2010; Mazzorana et al., 2011), and to test various river restoration designs (Hafs et al., 2014).

The first fully coupled wood transport CFD model was the Iber-Wood model developed by
Ruiz-Villanueva et al. (2014a). This model combines an Eulerian approach for flow and sediment
with a Lagrangian (i.e., discrete element) approach for wood elements. Recently, a similar approach
has been used by Persi et al. (2016) and Kang and Kimura (2018). Iber-Wood was initially tested with
flume experiments in a simple straight channel (see Ruiz-Villanueva et al., 2014a), and proved to
accurately reproduce floating transport, general patterns of wood deposition, and impacts on
hydrodynamics. It was later applied to several case studies (e.g., Ruiz-Villanueva et al., 2014b; 2016a;
2017) for which some field information was available to validate model results. In addition, the model
has been used in an exploratory manner, i.e. to test the existence of threshold behaviors and tipping
points, or to identify the factors controlling wood transport and deposition rather than reproducing a
specific flood event or predicting the movement of single wood pieces (Ruiz-Villanueva et al.,
2016b). As usual with numerical models, the initial version of Iber-Wood had several simplifications.
One important simplification was the assumption that wood pieces are cylinders (i.e., logs), thereby
ignoring the presence of roots. Another simplification concerned log-log interactions (i.e., wood
pieces interactions), considered as elastic, and the accumulation of wood in jams, which is a fully 3D
process, and thus challenging to be fully reproduced by a 2D model. In addition, only floating wood
transport was fully validated, whereas detailed wood dragging validation was lacking. Some of these
constraints resulted from the lack of observations and data with adequate resolution.

The first objective of this work therefore was to enhance the capabilities of the Iber-Wood
model in order to better simulate log-log, log-banks and log-bed interactions, and to validate the
changes by comparing the model results with high-resolution data from available flume experiments
and current knowledge on wood dynamics in braided rivers. In addition, we carried out a sensitivity
analysis to investigate the effect of different model input parameters related to these processes. To

achieve this objective, we exploited the detailed dataset reported in Welber et al. (2013).
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With this improved version of the model, we also followed a second objective: to explore and
to better understand wood deposition by analyzing the details of the flow field, considering both

steady and unsteady discharge and wood supply conditions in braided systems.

2. Material and methods
2.1.1ber-Wood

Iber-Wood is a two-dimensional numerical model that couples an Eulerian model used for
hydrodynamics (i.e., Iber) to a Lagrangian or discrete element model simulating the motion of
individual pieces of wood (Ruiz-Villanueva et al., 2014a). Iber and Iber-Wood have been presented in
several publications (Bladé et al., 2014; Ruiz-Villanueva et al., 2014b, 2014c, 2016b, 2016¢, 2016d,
2017), therefore we describe here only the main aspects and the new features and improvements
implemented during the course of this work in the model, referring to previous works for the general
functioning.

Iber solves the hydrodynamics (the 2D Saint Venant or Shallow Water Equations), turbulence
(using several turbulence models) and sediment transport (solving the 2D Exner equation for bed and
suspended load applying different equations) by using the finite volume method with a time explicit
second-order and non-oscillatory extension of Roe’s upwind scheme on non-structured meshes (Bladé
et al., 2014). Wet-dry fronts, both stationary and non-stationary, are modelled with a fixed finite
volume mesh, and a wet-dry tolerance. For the presented work this tolerance was decreased from a
common value for rivers equal to 0.01 m to 0.0005 m.

Iber-Wood fully couples wood and hydrodynamics by adding a wood drag term to the two-
dimensional Saint Venant equations. The model simulates individual cylindrical pieces of wood (i.e.,
logs) determining their initial motion by computing the balance of forces acting on the log’s center of
mass. Therefore, the incipient motion calculation is fully dynamic. The main parameters involved in
the governing equations are wood density, angle of the log relative to the flow, log length, log
diameter, friction coefficient between the log and the riverbed, and drag coefficient of the log in
water. Two transport mechanisms (i.e. floating or sliding on the riverbed) are possible according to

wood buoyancy and flow conditions. If the wood piece is floating, its velocity is assumed to be the
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same as the flow velocity (as observed by MacVicar et al., 2009), unless turbulence is considered.
Turbulent fluctuations affect wood, introducing a random component into its motion, thereby adding a
partial stochastic (i.e., non-deterministic) component to the model (see Ruiz-Villanueva et al., 2017
for details). If wood buoyancy is low, and flow is shallow, as usual in braided morphologies, wood
may not float but drag or slide. When the piece of wood is transported dragging, its velocity is
different from the flow velocity, and the friction force is the main factor controlling the movement of
wood.

Wood pieces may rotate adjusting their angle to the flow velocity field, and they may also
interact between each other and/or with channel boundaries, including infrastructures (see Ruiz-
Villanueva et al., 2014b, 2017 for details). Wood-wood interactions (computed as collisions of
cylindrically shaped rigid bodies) can be elastic or inelastic, a condition that is defined by the
restitution coefficient (e.g., if the restitution coefficient is equal to 1 the collision is elastic). In
previous works, elastic collisions were assumed by default. If a moving log collides with another log
(both pieces floating, sliding/dragging or resting), velocities and trajectories are recalculated. The
recent changes made in the model code during this work improved this log-log interaction by
accounting for the impact force. If one of the pieces is resting, the impact force of the second log must
be larger than the friction force of the first to entrain the latter. If this condition is not satisfied the
second piece is deposited and an accumulation (i.e., jam) may form. Previous versions of Iber-Wood
assumed that jams formed only if wood pieces stopped due to the increase in resting forces (i.e.,
friction force) but without considering the effect of impact forces. Wood-bank (or log-dry area)
interactions have been improved as well in the latest version of Iber-Wood presented here, and they
are now simulated using two different approaches. If the bank slope is steep (the bank angle is higher
than the friction angle) log movement is treated as if it would hit a wall (this was the approach used in
previous versions of Iber-Wood), and the model considers that the log may slide or glide parallel to
the bank (or wall) or may bounce off and change its trajectory suddenly, based on the log incidence
angle threshold (45° by default). If the bank slope is smaller than the friction angle, the log can be

partially deposited on a dry zone, or part of the log length could rest in shallow water. In that
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situation, the driving forces (acting only along the wet length of the log) decrease and the piece can be
entrapped on the bank.

Iber-Wood initially considered the wood pieces as straight simple cylinders, neglecting the
presence of branches and roots. Here we overcome this limitation by modifying the model to consider
also wood pieces with roots, assuming roots as an attached short or flat cylinder to the log. Wood with
roots are thus defined by their log length and diameter, and the diameter (i.e., root length) and
thickness of the root wad (Lr and Wr). The presence of roots affects the friction, gravity and drag
forces acting on the log as follows:

Fr == (g pw Lw (- Du?)A)+Wr-m-L?))~(g-p-(V1+V2))-cos(@))) - Hoea)  [1]

Fg = (g pw (Lw+(( - D) A+ Wr-n-L#)=( g-p-(V1+V2))-sin(a) [2]

Fq = ((A1+4,) -sin(0)+A4s-cos(0))-1/2-U%Cq-p [3]

where g is gravity,-p and pw are the water and wood densities respectively, Uped iS the friction
coefficient, « is the bed angle, 0 is the angle of the wood piece with respect to the flow direction, C4 is
the drag coefficient, V1 and V, are the submerged volumes of the wood piece and rootwad
respectively and A; and A; are the submerged areas of the wood piece and rootwad; As is the
submerged area of the rootwad perpendicular to piece length. This approximation only considers the
frontal area of the rootwad, which has been proved the relevant parameter influencing the motion of
wood with roots (Ghafarian, 2019). These equations differ from those included in lber-Wood for
wood pieces without roots (see Ruiz-Villanueva et al. 2014 for details).

Initial tests of this capability showed that the main effect of the presence of roots is the increase
in resisting forces, as roots may contact the riverbed increasing the friction, depending on the
buoyancy. Furthermore, rooted pieces are more likely to rotate, with the roots pointing upstream (see
Comper et al., 2018).

Iber-Wood requires initial and/or inlet boundary conditions for wood. Initial conditions are
entered as the exact position of each log, its dimensions (i.e., length and diameter), density and
orientation, usually for the initial time step, or any other time step of the simulation. Wood inlet

boundary conditions can be assigned to the simulation domain boundaries (one or more inlets are
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possible), giving a wood rate or number of wood pieces per minute as well as ranges of its
characteristics (i.e., maximum and minimum lengths, diameters and density of wood), which are used
to characterize each single piece entering the simulation by means of stochastic variations. This
stochastic characterization of inlet wood together with the effect of turbulence on wood motion, result
in a partial non-deterministic nature, which enables repetition of each simulation resulting in slightly

different results.

2.2. Flume experiments

The flume experiments were carried out at the Hydraulics Laboratory of the University of
Trento (see Welber et al., 2013 for more details). The experiments reproduced braided morphologies
in.a 3 m wide, 25 m long flume, filled by a well-sorted sand with median grain sizes of 1.03 mm
(Figure 1A). Runs were performed with a constant longitudinal gradient equal to 0.01 m/m and with
water discharge ranging from 0.9 to 1.8 I/s. This range includes four different flow conditions
between 50 and 100% of the formative discharge (i.e., 1.8 I/s; Welber et al., 2013). Flume bed
topography was surveyed by a laser profiler mounted on a carriage covering a large part of the flume
(2.5 m wide, 22 m long), with a resolution of 0.05 m downstream and 0.005 m along cross sections
(Figure 1B). Vertical images were acquired by a digital camera mounted on a 4 m high, movable
metal frame.

In-channel wood was modelled by adding cylindrical wood dowels with varying length (0.04 —
0.12 m), diameter (0.003 — 0.008 m), and proportion of logs with roots (0 — 100%), reproduced by the
addition of cross-shaped, 12 mm-wide, elements. Dowels were designed to reproduce conditions that
are similar to those observed in the Tagliamento river (Bertoldi et al., 2013; Welber et al., 2013). This
means that both the dowel length was chosen according to the channel width (to reproduce ‘large’
river_conditions) and the dowel diameter was defined according to water depth so as to the ensure
similar floating conditions. Wood dowels were inserted in a large and deep anabranch, with a rate of
15 logs per minute to avoid congested wood transport conditions. Wood depositional patterns were
mapped visually in the flume and described in terms of travel distance and accumulation size. A large

number of repeated experiments were performed, so as to take the variability of the wood input
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location into account and to explore the role of different controlling parameters (i.e., log diameter,

length, flow discharge).

2.3.Numerical model calibration, validation and sensitivity analysis
The laboratory data was used to assess the performance of the enhanced model in a quantitative
way, allowing for the first time a detailed and high-resolution model validation. In particular, the new
features implemented in the numerical model were accurately checked, with specific attention paid to
wood sliding or dragging on the bed, wood-wood interactions, and jam formation.
Three different braided morphologies obtained in the laboratory experiments were used in this

study (Figure 1).
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Figure 1: (A) The three digital elevation models used for the numerical modeling; (B) numerical

model results for flow velocity and flow depth for DEM 1 and 1.8 I/s discharge.

The three digital elevation models were transformed into a regular calculation mesh, with a
resolution equal to 5 mm using the Geospatial Data Abstraction Library GDAL approach
(GDAL/OGR contributors, 2019). Discharge (critical/subcritical conditions) and wood inlet boundary

conditions were assigned to the upstream boundary (Figure 1), and subcritical conditions were
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assigned to the outlet boundary. For each DEM, the wood inlet boundary condition was assigned to
several mesh elements (between 5 and 7) located at the most upstream boundary of the main channel.
Changing the wood inlet boundary condition allowed us to repeat the simulation with the same setup,
and to assemble the results, as was done for the flume experiments. Pieces of wood entered the
domain as soon as the hydrodynamics reached the steady condition (i.e., as soon as the difference
between the inlet and outlet flows is negligible) or distributed along the hydrograph (see section 2.4).

Calibration of the hydrodynamics (based on the calibration of roughness coefficient) was
performed by classifying wet and dry areas in the numerical model domain and compared to wet and
dry areas observed in the flume for one topography (i.e., DEM1) using the four discharges used in the
flume (i.e., 0.9, 1.2, 1.5 and 1.8 I/s) and four roughness coefficients (Manning values equal to 0.013,
0.014, 0.016 and 0.018 s m*3), Spatially distributed maps of water depth or flow velocity were not
available from the flume experiments; therefore, orthogonal images taken in the flume during the
experiments were used to map dry and wet areas. These maps were compared with results from the
numerical simulations and the misclassified area (i.e., observed dry areas modelled as wet and
observed wet areas modelled as dry) was computed to get an error. A Manning coefficient equal to
0.014's m*"® was selected based on the comparison with observations. With this choice, the error
between observed and modelled inundation patterns ranged between 8 and 13% (mean value equal to
11%) for the four discharges simulated, and the total wet area was accurately reproduced, with a small
overestimation of the numerical model.

Before reproducing the full set of flume experiments, we carried out a sensitivity analysis to
test the relative effect of three user-defined numerical model input parameters (the drag and friction
coefficients and the restitution coefficient) on log dynamics and deposition, quantified by the log
travel distance. The drag coefficient refers to the drag on individual logs, friction refers to the friction
between logs and channel boundaries and the restitution coefficient defines the log-log interactions.
Ranges for these parameters are reported in Table 1, along with references to modeling studies. The

simulations used for the sensitivity analysis were realized with DEM1 (see Table 2).

Table 1: Coefficients tested in the sensitivity analysis.

©2020 American Geophysical Union. All rights reserved.



Value used in the Values
Coefficient sensitivity proposed in Reference and comments
analysis literature
0.6 0.7-0.9 Shields and Gippel, 1995
0.8 Mazzorana et al., 2011
1 1.2 Brooks et al., 2006 (real logs)
0.4-1.2 Gippel et al., 1996
Prag (Ca) 141 Bocchiola et al., 2006 (dowels in flume)
L] 1.41 1.5 Alonso, 2004
1.34-1.45 Boothroyd et al., 2017 (for submerged vegetation)
1.8 valuesup to 4 Hui et al., 2010 (for leafy shrubs)
Variable Variable Gippel, 1996 (Cd varies according to the orientation)
0.2 0.2 Bocchiola et al., 2006
Friction () 0.47 0.47 Ishikawa, 1989 (for floating logs in debris flows)
0.62 0.62 Buxton, 2010
[] 1.2 1 Mazzorana et al., 2011
1.6 -
0.1 -
Restitution 0.2 -
© [ 0.6 -
1 -

2.4.  Numerical modeling set up

Following the same approach of the laboratory experiments, we defined different sets of model
runs aimed at separately investigating the influence of different factors on wood mobility in braided
morphologies. The first three sets reproduced the experiments realized in the laboratory and aimed at
exploring the effect of (i) wood size (Set T1); (ii) inlet discharge (Set T2); and (iii) presence of roots
(Set T3). These sets allowed direct comparison with flume results and produced an accurate
verification of the numerical model performance. Moreover, the numerical model allowed us to
further analyze the flow field and elevation of deposited logs. In addition, two sets were designed to
extend the analysis of wood dynamics in braided rivers, investigating the effect of: (i) a mixture of
logs with different lengths and diameters (Set T4): (ii) different wood input rates under unsteady flow
conditions (Set T5).

Wood logs dimension and input rate varied in the different sets and are described in Table 2. In all
numerical runs, wood density was set to 800 kg/m® and we used fixed values 8 except in the
sensitivity set) of friction, drag and restitution coefficients (0.47, 1.41 and 1, respectively). Three
different wood supply rates were simulated in Set T5: i) steady rate of 16 logs/min during the rising
limb; ii) steady rate of 8 logs/min during the rising limb; iii) unsteady wood rate as a power function

of the water discharge (Figure 2), with an exponent equal to 4.5, as suggested by Turowski et al.,
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(2013). Simulations of Set T5 used a triangular hydrograph, with a peak discharge equal to 1.8 I/s and

a duration of 40 minutes (Figure 2).
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Figure 2: Hydrograph and wood supply for Set 5: i) steady rate of 16 logs/min during the rising limb;
ii) steady rate of 8 logs/min during the rising limb; iii) unsteady wood rate as a power function of the

water discharge, with an exponent equal to 4.5, as suggested by Turowski et al., (2013).
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Table 2: Simulation parameters for the different sets of numerical runs.
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Results were analyzed in terms of travel distance, computed as the difference between the
longitudinal coordinates of the depositional site and input point, for each deposited log. Initially, for
the analyses we only considered logs that were deposited within the domain at the end of the
simulation, without counting the logs that were transported downstream through the outlet boundary
(i.e., exited logs), as it was done in the flume experiments. However, we observed that in the
numerical simulations, the number of exited logs was higher than in the laboratory. On average for all
runs, ~2% of the logs exited the flume in the laboratory, whereas in some numerical runs, between 20
and 30% exited the domain. Under such circumstances, we assumed that all numerically modelled
exited logs travelled a distance that was at least equal to the length of the simulation domain (i.e., >20
m). This assumption implies that the data obtained in this study can be considered censored data (e.g.,
Helsel, 2012) as the exact travel distance is unknown. To analyze this type of data, we applied a
survival analysis by computing their probability fitting the travel distance to survival curves using the
Kaplan-Meier method and the significance by the log rank test (Bewick et al., 2004). We compared
the numerical results containing all logs (including the exited logs) with the numerical results
containing only the deposited logs, as well as with the laboratory observations.

To be able to compute different repetitions of each numerical run, similarly to what was done in
the flume (experiments were repeated 10 times), we assigned the inlet boundary condition (i.e., input
point) for wood to 5 (for the sensitivity analysis set) and 7 (for all other sets) boundary cells and we
ensembled the results from these 5 and 7 run repetitions in terms of frequency distributions and
median travel distance. Number of deposited single logs, log accumulations and the spatial patterns of
wood deposits were also analyzed. Log accumulations were classified into four classes (jams formed
by 2, 3, 4 to 9 and more than 9 logs) and the proportion of logs in each jam size class was computed
and compared with the flume observations.

Statistical analyses were realized with the software RStudio Version 1.2.1335 (RStudio Team,
2018). Differences within the sets (i.e., between the groups of runs) were computed by the non-
parametric Wilcox (Mann-Whitney) or Kruskal-Wallis tests for two or more groups respectively
(Stats package; R Core Team, 2019). When testing differences between more than two groups, we

identified-which pairs of groups were different by applying a post-hoc pairwise comparison test with
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the Bonferroni correction for multiple testing (Stats package; R Core Team, 2019). The survival
analysis was performed using the survival and survminer packages (Therneau, 2015; Therneau and
Grambsch, 2000; Kassambara et al., 2019). Significance was set to p-value <0.05. The dependence of
travel distance of deposited logs on multiple controlling variables was verified by means of multiple

regression analysis, with wood diameter, wood length and discharge as independent variables.

3. Results
3.1.Model calibration and sensitivity analysis of wood parameters
The numerical results from the sensitivity set showed that according to the survival analysis, the
probability distribution of the travel distance of all logs (including logs that exited the domain) was
significantly different for the different runs using the different values of the drag and friction
coefficients and for the three DEMs (Figure 3). The largest variability in terms of probability of travel
distance was found for the runs using the different friction coefficient values and the runs using the
different DEMs. According to these results, the restitution coefficient was not very relevant in terms

of travel distance probability.
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Figure 3: Survival curves (i.e., probability distribution) of travel distance by all logs for the different
runs of the sensitivity set, using different values of (A) drag, Cq, (B) friction, F¢, and (C) restitution, R,
coefficients modelled using the DEM1, and (D) for three runs using a fixed set of coefficients (i.e.,
C¢=1.41, F.=0.47 and R;=1) and the three different DEMs. Grey areas show the confidence intervals.

P-value is from the log rank test.

Analysis of the ensembled median travel distance of all logs (i.e., deposited and exited logs)

and only the deposited logs revealed more details about the differences observed in the survival

analysis (Figure 4).
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Figure 4: Boxplots of ensemble median travel distance computed for all logs (deposited and exited
logs) and for deposited logs only, for different values of drag Cg, friction F¢ and restitution Rc
coefficients; and runs using the three DEMs. The boxplot represents the minimum (i.e., smallest value
within 1.5 times interquartile range below 25" percentile), maximum (i.e., largest value within 1.5
times interquartile range above 75" percentile), median, first quartile (i.e, 25" percentile) and third
quartile (i.e., 75" percentile), outliers are not shown.; Dr shows the deposition ratio as a percentage
(%). The P-values are from the Kruskal-Wallis test, the black stars show the groups that are

significantly different according to the post hoc test.
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Figure 4 also shows the percentage of logs that exited the simulation domain at the outlet (i.e.,
deposition ratio, Dr). For this set of runs, Dr ranged between 53 and 88% (mean= 77%). This means
that between 13 and 47 % of the supplied logs exited the simulation domain.

The observed differences between the runs using different drag coefficients mostly stem from
the run with a very low value (i.e., 0.6), which significantly reduced the travel distance (according to
the ad hoc test). The differences observed between the simulations with different friction coefficient
were more important (i.e., the travel distance significantly varied for the different coefficient values).
A very low value (0.2) of friction coefficient significantly increased the ensemble median travel
distance and reduced the number of logs deposited within the simulation domain, whereas a very high
value (1.6) had the opposite effect. Figure 4 finally shows that a very low value of restitution
coefficient (0.1) also affected the travel distance of logs. However, such low values of drag, friction,
and restitution coefficients are not reliable for cylindrical wooden logs (see Table 1), therefore, the
runs of this set are not directly comparable to the flume experiments.

In addition to the sensitivity set runs, we also tested whether flume morphology had an
influence on the distance travelled by logs. For these runs and the other simulated sets (T1-T5), we
fixed the values for the three coefficients as follows: Cy4=1.41, Fc=0.47, and Rc.=1. As Figures 3 and 4
show, we found significant differences in the travel distance of logs modelled using the three DEMs.
Despite that the three DEMs were very similar at the reach scale (e.g., with a similar bed relief,
hydrodynamics, number of anabranches, similar size of channels and bars; Table 3), they were locally
different, in terms of the location and sequence of exposed bars, bifurcations and confluences. These
spatial differences had a large impact on wood dynamics, as logs were exposed to different sequences

of fast and deep vs. slow and shallow areas.

Table 3: Statistics of the three DEMs used for the numerical simulations.

DEM1 DEM2 DEM3

Detrended elevation [m]
MIN -0.048 -0.039 -0.041
MAX 0.022 0.025 0.035
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MEAN 0.0 0.0 0.0

SDV 0.007 0.007 0.007
Simulated water depth for Q=1.8 I/s [m]

MIN 0.0005 0.0005 0.0005
MAX 0.0411 0.0413 0.0415
MEAN 0.0058 0.0051 0.0056
SDV 0.0054 0.0049 0.0050
Simulated flow velocity for Q=1.8 I/s [m/s]
MIN 0.0 0.0 0.0
MAX 0.4510 0.5113 0.4860
MEAN 0.1529 0.1546 0.1601
SDV 0.0917 0.0916 0.0968

These results revealed the important role of the friction between logs and the bed (as many
logs do not just float but also slide on shallow water depths and on bars), and of the river morphology

as a variable controlling wood transport and deposition in braided rivers.

3.2.Sets T1 and T2: the role of wood size and flow conditions

As.observed in the flume and in the simulations, log diameter appears to be the dominant factor
governing travel distance in braided rivers. Logs with the smallest diameters travelled significantly
longer distances both in the flume and in the numerical model considering all logs and only deposited
logs (Figure 5A-C). The role of log length was not significant and the pattern was more complex, with
median travel distance peaked for intermediate values of length, both in flume experiments and
numerical simulations of deposited logs (Figure 5D-F). Two general observations about the numerical
results is that variability of travel distance between the ensembles seems to be smaller, and logs
travelled over longer distances than observed in the flume, particularly when considering also the logs
that exited the flume. These aspects are further analyzed in the discussion. The mean deposition ratio

for numerical runs in Set 1 was equal to 67% (ranging between 42 and 97%).
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Figure 5: Ensembled results of flume observations (A-D-G) and numerical simulations (B-C-E-F-H-I)
for set T1 using logs with different diameters (A-C)) and different lengths (D-F); for set T2 using
different discharges (G-I) and logs with the same size (D=3 mm; L=8 cm). n shows the sample size,
here the number of runs. Boxplot values as in caption of Figure 4. The P-values are from the Kruskal-
Wallis test, the black stars show the groups that are significantly different according to the post hoc

test.

As observed in the flume, the numerical model showed that logs travelled longer distances
during the largest discharge (1.8 I/s), while logs travelled slightly shorter and similar distances for the

other discharges (Figure 5G-1), but differences were not significant.

We also computed a multiple linear regression model using the deposited logs dataset from the
numerical runs in set T1, and the obtained model confirmed our results. The log diameter and

discharge significantly explained travel distance, with negative and positive regression coefficients,
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respectively, and values >1 (p-value < 0.005), and log length being not significant (p-value 0.48).

Although the variance explained by the model was only 40% (R?=0.4).

The numerical model allowed us to further analyze log deposition. Results show that the
elevation of the deposited logs did not vary significantly with discharge (Figure 6). All logs were
deposited on a relatively small range of 0.01 m in bed elevation, with a majority of them being
deposited on a detrended bed elevation that ranges from -0.002 to +0.003 m, corresponding to roughly
one log diameter below or above average bed elevation. Although differences were not significant
(see boxplots in Figure 6), overall more wood deposited at the highest elevations at higher discharges

(as shown by the cumulative frequency curves in Figure 6).
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Figure 6: Cumulative distribution function of the detrended elevation of deposited logs for set T2. The
small panel shows the boxplots (; n is the sample size, here deposited logs). The P-values are from the

Kruskal-Wallis test.

The wood depositional pattern could be better explained investigating the flow field more in

detail using the numerical model results. The numerical model provided accurate maps of water depth

and flow velocity, which allowed us to analyze flow conditions in preferential sites for deposition. We
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computed the specific discharge (or discharge per unit width) as the product of flow velocity and

water depth (Figure 7).
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Figure 7: Map showing deposited logs (center of mass) from ensembled results from T1 and DEM1

and (A) maximum specific discharge (i.e., product of maximum water depth and maximum flow

velocity for a discharge equal 1.8 I/s); (B) flow velocity; and (C) water depth). (D) Histogram and

cumulative distribution function of the values of specific discharge where logs were deposited.

As can be seen in Figure 7, 80% of the logs were deposited in areas with specific discharge

lower than 0.0005 m?s. This value is the result of water depth lower than 0.006 m and flow velocity
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lower than 0.09 m/s. According to these results, and for simulated logs with a diameter equal to 3 mm,

length of 8 cm and a density of 800 kg/m?, these were the critical flow values for deposition.

3.3.Wood depositional patterns and jam formation
We observed a strong relationship between the location of bars and wood deposits (Figure 8).
The longitudinal distribution of wood deposits was conditioned by the longitudinal distribution of
bars, with a significant downward trend (i.e., with larger number of logs deposited on the bars located
closer to the inlet), as it was also observed in the flume. Most logs (>50%) were deposited in the most
upstream part of the flume (within the first 10 m) on bars and shallow areas, whereas the number of

deposited logs significantly decreased further downstream (Figure 6).
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Figure 8: (A) Longitudinal distribution of the ensemble of 719 deposited logs from set T1 and DEM2.
Maps show the water depth (grey colors for values ranging between 0.005 and 0.04 m) for discharge
1.8 I/s (numerical model results) and the logs center of mass (yellow circles); (B) Histogram of the

number of deposited logs by longitudinal length of the flume.

This pattern was slightly different for DEM1 and DEM3, but numerical results showed
similar downward trends as observed in the flume (see maps in Figures 7 and 13 and Figure S1 in the

supplementary material).
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The accumulation of logs in jams was also analyzed and compared with the flume

experiments (Figure 9).

Flume observations

100

=
(2]
g 60 |
.S,
£ 1 —
8 40 = H L — L
o
-
20
JA U U U B U L G L
Numerical results
=
w
£
hul
£
8 40 | mm >0 _— ] -
3 @ 49 -
20 @0z
aoe
1 | == N I S S e .
2 3 4 S 4 5} 8 12 09 1.2 1.5 1.8
Log diameter [mm] Log length [cm] Discharge [I/s]

Figure 9: Percentage of deposited logs per jam (1 or single logs, jams with 2, 3, between 4 and 9 and
more than 9 logs) accumulation for different values of log diameter, length and discharge (results

from sets T1 and T2) observed in the flume (A-C) and resulted from numerical simulations (D-F).

Figure 9 shows slightly different results comparing flume observations with numerical model
results, although similar patterns were also observed. One main difference was the proportion of jams
with. more than 9 logs, which was in general larger in the flume. Besides the absolute values,
numerical model results showed that the proportion of jams with more than 4 logs, and even with
more than 3 logs increased with increasing log diameter, reducing the number of single logs, as also
observed in the laboratory. Logs with 4- and 6-mm diameter were prone to accumulate in jams more

easily than smaller logs, forming jams with a larger number of logs, both in the flume experiments
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and in the simulation results. The largest logs, with diameters of 6 mm, accumulated in jams with the
largest number of logs, both in numerical simulations and in the flume. The role of log length was not
so evident from the numerical model results. The pattern resulting from numerical simulations was
complex, as was the pattern observed for median travel distance (see next section). Shorter logs, with
length of 4 cm accumulated forming jams with the lowest number of logs, both in the flume and
numerical results. The proportion of large jams (accumulations with more than 9 logs) increased for
simulations with logs of 8 and 12 cm in length, as observed in the laboratory. Discharge also affected
log accumulation and jam formation, with simulation results showing an upward trend in the
proportion of single logs and small accumulations (jams with 2 logs) for increasing discharge. The
lowest discharge (i.e. 0.9 I/s) enhanced the accumulation of jams with a larger number of logs

(between 2 and 9). This pattern was also observed in the flume.

3.4.Sets T3 and T4: the influence of roots and wood-size distribution

The median deposition ratio for these sets was 80 and 88%, respectively.

The presence of roots influenced the motion and deposition of wood, both in the flume and in
numerical simulations (Figure 10A-B-C). Logs with roots were less mobile and travelled significantly
shorter distances (Mann-Whitney p-value<0.005) according to the numerical model results, and as
observed in the flume. Moreover, numerical model results proved that logs with roots were more
likely deposited at higher elevations (Figure 10D-E), mostly at the top of bar surfaces, as observed

during flume experiments.
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The presence of roots significantly influenced the formation of log jams or wood

accumulations, with an increase in the number of accumulations with more than 3 logs (Figure 10F-

G).

Figure 11 shows the effect of log size distribution on total travel distance. We compared

homogeneous distributions of logs with the same size, length and diameter with a non-homogeneous

(i.e., variable) distribution of logs of different sizes. The non-homogeneous log size distribution

significantly reduced the mobility of logs compared to homogeneous distributions with small,

medium, and long logs (as reveled by the survival curves shown in Figure 11A). The travel distance

probability and median travel distance of all and only deposited logs (Figure 11B and C) were

significantly smaller for large logs, so the presence of large logs in the non-homogeneous distribution

was key in reducing log mobility.
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using the three DEMs and logs with different log size distributions (small, medium, long, large and
variable). Grey areas and P-value in A show the confidence intervals and the log rank test results,
respectively. The P-values in B and C are from the Kruskal-Wallis test, the black stars show the group

that is significantly different according to the post hoc test.

The size distribution influenced jam formation as well. The proportion of larger jams (>3
logs) was larger for simulations with variable log size distribution than for small and medium sizes,

but smaller when compared to large logs (see supplementary material, Fig. S2).

3.5.Set T5: wood dynamics under unsteady conditions

The wood supply during the hydrograph slightly influenced the transport and deposition of logs.
In general, logs supplied only during the rising limb of the hydrograph travelled slightly longer
distances than logs supplied under steady conditions and logs supplied with an unsteady power law
along the hydrograph (Figures 12 and 13); however, differences were not statistically significant (see
Figure S3 in supplementary material). It is important to note that the number of supplied logs varied
for each scenario. For wood supply during the rising limb with a rate of 8 and 16 logs/min, 76 and 152
logs were entering the numerical simulation, while for the unsteady supply with the power law and the
steady supply along the entire hydrograph, 159 logs were modelled. In general, the larger the number
of supplied logs the larger the number of deposited logs (Figure 12D), but most logs were deposited
before and during the peak of the flow hydrograph (i.e., during the rising limb), with only few being
remobilized and deposited during the falling limb (Figure 12A-C). Only the case of logs supplied with
an unsteady power law along the hydrograph showed a different behavior, with some logs being

mobilized also during the falling limb (Figure 12C).
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Figure 12: Number of deposited and moving logs) for the different scenarios from set T5: (A) steady
rate of 8 logs/min and (B) 16 logs/min during the rising limb; (C) unsteady wood rate as a power

function of the water discharge; (D) supplied and deposited logs during the 3 scenarios.

The number of deposited logs was larger for the unsteady wood supply using the power law
(72%) than for the supply rate during the rising limb (50 and 51% of logs were deposited for supply
rates of 8 and 16 logs/min respectively), for which we observed an enhanced wood transport with a

smaller number of logs deposited within the domain.

The elevation of the deposited logs did not vary significantly between the different wood supply
scenarios (Figure 13), but small changes were observed during the peak of the hydrograph and the

final step.
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Figure 13: Longitudinal distribution of the ensemble of deposited logs from set T5 and DEM2. Maps
show the water depth (blue colors for values ranging between 0.005 and 0.04m) for discharge 1.8 I/s
(numerical model results) and the logs center of mass (red, blue and yellow markers); (B) Cumulative
distribution function of deposited logs by detrended bed elevation during the peak of the hydrograph
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The different wood supply scenarios had a small effect on jam distribution and size. The
percentage of single logs at the end of the hydrograph was slightly higher for wood supply during the
rising limb (63 and 60% for supply rates of 8 and 16 logs/min respectively) than for unsteady supply
with the power law (54%). However, we observed that these values varied along the hydrograph: at
the peak of the hydrograph the number of single logs for wood supply during the rising limb was 58
and 65 % for rates of 8 and 16 logs/min respectively, and 71 % for the unsteady wood supply. This
means that during the falling limb, some jams were dismantled only in the 8 logs/min rate supply,

whereas jam size increased in the other two cases.

5.'Discussion
This section discusses several aspects of this work. First, we discuss the challenges in calibrating
numerical models, and the sensitivity of input parameters on model results. Second, we stress the

important role that scaling effects may have on flume experiments and how these effects may not be
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fully reproduced by numerical models. Finally, we discuss the obtained results and relate them to

wood dynamics in braided river morphologies at the scale of natural rivers.

5.1. Sensitivity and calibration of numerical models

Numerical models have become important tools for understanding fluvial systems (Kasvi et al.,
2015), as they may help to solve different environmental questions and as they allow reproducing past
events and to explore scenarios. However, numerical models are simplified representations of real-
world phenomena (Hardy et al., 2003), and there are often questions about the trade-off between
enough field data and model reliability (Hardy et al., 2003; Rodriguez et al., 2004). Information about
model capability, sensitivity to parametrization, as done in this work, and sources of uncertainty is
thus essential when using numerical modelling.

Calibration of bed roughness was performed taking advantage of inundation maps observed at
different discharges. This procedure has proven valuable for cases in which direct depth and velocity
measurements are not available (Javernick et al., 2018), therefore providing a correct reproduction of
the wet area and the bank line. This is particularly relevant in these simulations, as the occurrence and
location of shallow flows exerts key control on wood deposition.

Two way coupling of a hydrodynamic model with a wood transport model (as in Iber-Wood)
introduces a set of new parameters related to the wood dynamics, which are often difficult to calibrate
directly and accurately. A sensitivity analysis is therefore an ideal tool to understand the influence of
input parameters on the results. For braided morphologies, characterized by generally shallow flows,
the drag coefficient plays a minor role, as logs do not only float (when drag coefficients may have a
stronger effect) but they mostly drag (i.e., slide and roll) on the bed, and thus, friction coefficient has a
larger effect. The restitution coefficient played a small role, mainly for extremely low values. As
shown here, bed topography and bank shape might be the major controls, driving log deposition.
Therefore, the use of standard literature values for these coefficients (i.e., C4=1.41, Fc=0.47 and R.=1)
is not causing major inaccuracies, provided that the flow conditions are characterized by shallow
depths and strong local variability. Values for these coefficients should be carefully selected and their

impact should be explored under different conditions (e.g., floating logs in a deeper flow).
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Still, differences persist between flume experiments and numerical model results. One of them
was the number of logs exiting the flume domain at the outlet boundary during the laboratory
experiments and those exiting the simulation domain in the numerical runs. According to the
numerical simulations, the depositional ratio ranged between 42 and 97% for all sets. These values
were lower than those observed in the flume (where the average depositional ratio was 98%). The
lowest deposition ratios resulted from simulations using DEM1 (where Dr ranged between 42 and
89%). This discrepancy can be explained by at least three major issues. A first explanation is related
to the differences in terms of the geometry used for the numerical simulations. The DEMs did not
cover the full flume morphology, and some morphological features (e.g., secondary channels, bars)
were not included in the DEM as compared to the flume (the DEMSs were narrower and shorter than
the actual flume). Second, some of the intrinsic limitations of the numerical calculations, which may
not account for the real complexity of wood motion; (i) the numerical simulations did not consider
sediment transport (as was considered minimal in the experiments according to Welber et al., 2013);
(ii) the presence of some sub-superficial flow (i.e., flow through the gravel), that could happen in the
flume with the related effect on wood motion and deposition was not modelled; (iii) the current
version of the numerical model does not reproduce the secondary currents that may appear in curved
channels, which may also influence the trajectory and thus the deposition of logs. Third, scaling
effects that are further discussed in the following section. These limitations may explain the increased
number of exited logs and the overestimated travel distance in the numerical runs. Another important
issue was related to the variability of travel distance between the different runs, with numerical result
ensembles being smaller than the ones observed in the flume (see Figures 5 and 10). The numerical
model, as a deterministic model, is not able to reproduce stochasticity of wood transport fully in
complex braided morphologies as observed in the flume. In the physical model, local effects, even at
the grain-size scale, may have an impact on the very shallow flows occurring in most of the wood
depositional sites. In addition, and as mentioned before, the occurrence of minimal sediment transport
and the consequent reworking of bed morphology may add a further source of internal variability that
cannot be captured by the numerical model. Other scaling effects are further discussed in the

following section.
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Furthermore, the numerical model slightly underestimates jam size. It reproduces the effect of
different parameters correctly and provides good estimates of the proportion of logs deposited as
single logs (see Figure 9), however, it underestimates large jam sizes as well as their occurrence. This
is likely caused by the fully 3D process of jam formation, with logs accumulating in the vertical

direction (e.g., Schalko et al., 2019), which is not accurately reproduced by a 2D model as Iber-Wood.

5.2. Scaling effects in small scale physical models and effects on the numerical simulations

Observed differences between the physical and numerical model may also be caused by the
relatively small scale of the flume experiments. Hydraulic and morphological physical models are
generally scaled to refer to the Froude similarity, which guarantees correct reproduction of the ratio
between inertial forces and gravity. This means that the flow field and the sediment transport
processes are similar to those in the prototype when the flow is rough turbulent. However,
unavoidably the Reynolds number (i.e. the effect of viscous forces) and the Weber number (i.e. the
effect of surface tension) are different from those in the prototype. To avoid viscosity and surface
tension effects, Reynolds number should be >10* (Hughes, 2005), depth should be >0.005 m and the
Weber number <11 (Novak et al., 1990; Heller, 2011). In the experiments reported by Welber et al.
(2013), large areas exist where these conditions were unlikely met (as verified by numerical model
results; see Figure S4). In that case, wood transport and, in particular, wood deposition may be
affected, as it occurs mainly in very shallow areas, often with a flow depth smaller than 0.005 m. This,
on one hand, is consistent with the observed overestimation of the travel distance (and thus logs
exiting the simulation domain). On the other hand, the model is probably likely to underestimate jam
size, considering that in the physical model logs may stop due to surface tension, and this surface
tension is not considered in the numerical calculations. This is probably not likely to significantly

change the general wood deposition patterns.

5.3. Wood dynamics in braided morphologies
As shown by the results presented here, in braided morphologies, wood diameter appeared to

be the dominant wood property governing wood travel distance, whereas wood length exerted a
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comparably weaker control. These relationships between the wood size and wood transport and
deposition were already shown in flume experiments (Braudrick et al., 1997; Braudrick and Grant,
2001; Welber et al., 2013) and numerical modelling (Ruiz-Villanueva et al., 2016d). In fact,
dimensionless ratios have been proposed to describe transport and deposition of wood in rivers
(Braudrick and Grant, 2000 and 2001), such as the relative log length, which is log length divided by
channel width (L/w); and relative log diameter, which is the diameter divided by average channel
depth (D/h). According to the results presented in Figure 7, the relative log diameter was 0.5.
However, our results also show that the relative log diameter does not fully explain wood deposition.
In fact, the presence of areas with shallow water with a sufficiently high flow velocity could also
result in wood motion. Therefore, the flow conditions resulting from the discharge and the river
morphology are key drivers of wood dynamics (Blauch and Jefferson, 2019). However, this
relationship between discharge and braided morphology is complex. In such large rivers with multi-
thread morphology, the widespread occurrence of shallow water, large exposed bars, and bank erosion
would exert a strong topographical control on wood dynamics (Gurnell et al., 2000 and 2002; Bertoldi
et al., 2013; Le Lay et al., 2013; Ruiz-Villanueva et al., 2016a). Thus, the river morphology controls
wood dynamics (Wyzga et al., 2015a; Ruiz-Villanueva et al., 2016b). In braided systems, an increased
discharge determines a wider wet area, with a minimal increase in average water depth, shifting ideal
conditions for deposition laterally more than vertically. This may explain why we did not observe
significant differences in terms of elevation of deposited logs. Our observations open the door for a
search of new metrics to better describe sub-reach characteristics that significantly impact wood
transport and accumulation. An improved knowledge on where logs are more likely to be deposited
by different floods provides relevant information for river and flood management and on the
possibility to develop new vegetated patches and pioneer islands (Gurnell and Petts, 2006; Gurnell et
al., 2018).

The presence of roots or the size distribution of supplied wood are controlling wood motion
and deposition as well. Logs with roots were less mobile (both in the flume and in the numerical
simulations) and travelled significantly shorter distances than logs without roots in agreement with

previous studies (Abbe and Montgomery, 1996; Braudrick and Grant, 2000; Cadol and Wohl, 2010;
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Welber et al., 2013; Iroumé et al., 2018). According to the observations made during the flume
experiments, we observe that logs with roots aligned parallel to the flow with their rootwads located
upstream, were, in some cases, slowly pushed downstream by the drag force exerted on the rootwad,
but that the rootwad prevented logs from rolling, and therefore, limited their mobility (Welber et al.,
2013).

Notably, all these variables (i.e., wood size, discharge and distribution) influenced the
formation of wood jams. According to the results shown here, larger and longer logs enhanced the
formation of logjams, whereas larger discharges reduced the number of large accumulations. The
increased deposition of logs with roots enhanced the accumulation of wood in jams. As observed in
the flume and according to our numerical results, the presence of roots increased the frequency of
large and very large jams (more than 4 and 9 logs; see Figure 10). This effect was also comparable to
that observed for the largest logs, which significantly reduced the mobility of logs and enhanced the
accumulation of jams. When large pieces were included in a non-homogeneous distribution, the
distance travelled by logs was significantly reduced compared to homogeneous distributions of
smaller logs. This is explained by the fact that these long pieces as well as pieces with roots act as key
logs (Manners and Doyle, 2008), thereby providing nuclei for the accumulation of wood in jams
(Davidson- et al., 2015). In the absence of any other natural obstacles, such as living trees or big
boulders, wood size and the presence of roots seem to be relevant variables controlling wood mobility
and the formation of wood jams in braided rivers. Wood jams play an essential role in regulating the
ecology and morphology of river systems (Scott et al., 2019), however, the formation, dynamics and
evolution of wood accumulations is still not well understood. Our results shed light into these
processes.

Finally, wood in rivers is usually mobilized during floods, and thus wood dynamics should be
analyzed under unsteady conditions. In this work, we designed one flood hydrograph and several
wood supply scenarios and observed that in those cases where wood was supplied during the rising
limb of the hydrograph, it was travelling longer distances than when supplied along the entire flood.
In addition, most of the wood was deposited before the peak of the flood, with few accumulations

dismantled and remobilized during the falling limb. These observations agree with those made by
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Schenk et al. (2014) and MacVicar and Piégay (2012), who found that most wood was mobilized at
the very beginning of the floods; and by Ravazzolo et al. (2015) who, observed that most of their

tagged logs were deposited before the flood peak.

6. Conclusions

In this work we combined results of a laboratory physical model with a 2D numerical model to
reproduce large wood transport, deposition and accumulation in shallow braided rivers. The
combination of model results proved particularly valuable, as we took advantage of the controlled
environment and similar simplifying hypothesis on wood shape (cylindrical logs with or without
simplified root wads) to both improve the numerical model and to extend the experimental results. We
verified that the enhanced numerical model can reproduce wood dynamics accurately and effectively,
both considering log travel distance and jam size. Moreover, the numerical model was improved to
better reproduce interactions between logs and riverbed and among logs. We also performed a
sensitivity analysis on the main wood modeling parameters (e.g. drag, friction and restitution
coefficients), assessing their role compared to that of log size, flow field and bed topography. The last
one was demonstrated to play a major role, as the occurrence of preferential sites for deposition, such

as large exposed bars, close to the wood input location may strongly reduce the travel distance.
Finally, the calibrated numerical model was used to investigate the role of variable wood
piece dimensions and of unsteady discharge on wood dynamics. We explored different wood input
loads and their effect on wood deposition, in terms of local bed elevation and flow field. We show
that large wood distribution is likely controlled by the largest wood pieces and depends also on how
wood input is distributed during the flood. Wood availability during the falling limb of the flood
increases - the probability to find wood pieces deposited at relatively low elevation, therefore
increasing their impact on the flow field, even at low flow. The results of this study shed light to the
complex relationships between floods and wood transport and deposition in braided morphologies,

and our findings might be crucial for a proper river and flood management strategy.
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