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Abstract: The quantification of driftwood deposition in rivers is important for understanding the
total budget of driftwood at the watershed scale; however, it remains unclear how such driftwood
storage in rivers contributes to the overall system because of the difficulties in undertaking field
measurements. Herein, we perform numerical simulations of driftwood deposition within an
idealized river reach with a sand-bed, to describe the role of large-scale bedforms, more specifically,
alternate bars, multiple bars, and braiding, in driftwood storage in rivers. The numerical model we
propose here is a coupling model involving a Lagrangian-type driftwood model and an Eulerian two-
dimensional morphodynamic model for simulating large-scale bedforms (i.e., bars and braiding). The
results show that the channel with a braiding pattern provides a wide area with enhanced capacity for
deposition of driftwood, characterized by exposed mid-channel or in-channel bars, leading to high
driftwood storage. The alternate bar is also a large bedform representing a sediment depositional
element in rivers; however, because of the narrow exposed bar area and its downstream-migrating
feature during floods, the alternate bars seem to contribute less to driftwood deposition in rivers.
This suggests that the role of multiple bars and braiding is critically important for the driftwood
deposition in rivers.

Keywords: driftwood; driftwood storage; numerical modeling; sand bars; braided channel

1. Introduction

The river acts as a pathway for water in the rainfall-runoff process and also transports
many natural (e.g., sediment, carbon, nutrients, etc.) and synthetic materials (e.g., plastic
and radionuclides, etc.) from mountainous areas to the ocean. As one such material
being transported in rivers, driftwood has recently received considerable attention in
various research and engineering studies (e.g., [1,2]). This is because the large pieces of
wood have many roles in river systems; they can provide a large variety of flow and
sediment transport fields thereby creating rich habitats for many aquatic species [3], have
a non-negligible effect on the landscapes [4,5], and increase flood risks [6–8]. A better
understanding of wood recruitment, transport, deposition, and remobilization is therefore
an important research topic in the fields of environmental and engineering research [9]. In
this study, among the many research questions regarding driftwood in rivers, we focus on
how driftwood can be captured in river systems, and how the storage of driftwood caused
by large river bedforms can contribute to the total budget of driftwood in rivers.

In small streams, where the river width is close to the typical length of driftwood, there
is a high possibility that the wood is trapped by the bed and channel boundaries, so that
the deposition rate of the wood in such streams is generally high [10]. Because the channel
becomes wider along the downstream direction, the storage of wood may be decreased in
downstream river reach. However, in such river reaches, large-scale bedforms (e.g., sand
bars) could be a key element that creates preferential deposition areas for driftwood, since
large deposits of wood have been commonly observed on river bedforms after large flood
events [11].
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Figure 1 shows an example of driftwood deposition on the sand bars in an upper reach
of the Otofuke River, Japan, after a large flood and subsequent morphological evolution of
the bed and channel [12]. This field observation strongly suggests that the sand bar has
a significant role in accumulating driftwood entering the river from its upstream reaches
and the floodplain. The deposition of driftwood on the sandbars will contribute to creating
a rich ecosystem in the upper reaches of the river, and also reduce the driftwood load in
the downstream reaches. Therefore, research on driftwood deposition mechanisms and
their contribution to the total wood budget is essential for managing river systems.

Figure 1. Driftwood deposition observed after large flood event in Otofuke River, Japan. Red color indicates single pieces,
and blue denotes formation of logjams following driftwood deposition. (Courtesy of Hokkaisuiko Consultant Corporation).

In this regard, the bed and channel geometries have a significant effect on the wood
deposition in rivers because complex bed and channel geometries provide considerable
room for wood deposition and high possibility of contact with the riverbed to the driftwood,
leading to it being trapped in the river. For instance, in single-thread meandering rivers,
the depositional location of the driftwood is mainly the channel-floodplain boundary,
such as the edge of the outer bank [11]. On the other hand, in multi-thread channels,
there is a high probability that the driftwood is stranded on the mid-channel bars and
island bars, causing higher in-channel wood storage than in single-thread channels [13,14].
These field observations clearly suggest that the depositional mechanism, pattern, and
amount of driftwood are highly dependent on bedform characteristics. However, even
though detailed measurements of the transport rate of driftwood during the flood and
estimate the total volume of wood deposited after the flood have been conducted in rivers
in real-scale [14,15], it is still challenging to estimate how much driftwood from the upper
reaches could be stored in the river reach under study and to understand how different
types of bedforms (e.g., alternate bars, multiple bars, braiding, etc.) would contribute
to driftwood deposition. This type of depositional mechanism of driftwood has been
investigated by detailed flume experiments [16] and numerical simulations [17] in braiding
channel; however, the driftwood depositional mechanisms caused by different types of
bedforms; for example, alternate bars have not been quantitatively compared to the case of
braiding channel in well-controlled flume experiments or numerical simulations. Therefore,
a comprehensive understanding of the role of large-scale bedforms in wood storage remains
a challenging and interesting research topic.

In this study, the depositional mechanisms and amount of driftwood deposited on
large-scale bedforms were investigated by using a numerical model. More specifically,
we discuss the role of different types of bedforms, namely, alternate bars and multiple
bars (braided), in driftwood storage in rivers under simple flow and channel conditions.
As mentioned earlier, though the importance of sand bars in the mechanism of wood
storage in rivers has been confirmed by several field observations, the amount of driftwood
from the upper reaches that could be deposited in the river reach under study remains
unclear because of the complicated interactions of the flow, changes in the river bed and
driftwood behavior, and lack of field data regarding the wood budget. Our attempt to
study driftwood storage under a simplified condition will therefore contribute to a better
and more straightforward understanding of driftwood storage in the presence of different
types of sand bars in river beds.
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2. Methods
2.1. Concept of Numerical Model

In this study, we use a Lagrangian–Eulerian coupling approach (e.g., [18]) to model
the driftwood transport and deposition under active bed evolution governed by dynamics
of alternate or multiple bars. A Lagrangian-type model was utilized to simulate the motion
of individual driftwood, and an Eulerian approach was adopted to model flow, sediment
transport, and morphodynamics. The presence of driftwood in the flow and on the bed
generally has a non-negligible effect on the overall characteristics of hydrodynamics and
morphodynamics (e.g., [4,5]). To model this feedback mechanism between driftwood
presence and flow-sediment transport morphodynamic processes, two-way modeling that
includes in the model the effect of driftwood on flow and bed evolution (and vice versa) is
essential (e.g., [19]). However, this modeling approach results in a heavy computational
load and additional complexity in the numerical model. Instead of using a two-way
approach, we herein use a one-way model that neglects the interaction between driftwood
presence and flow-morphodynamic phenomena. Since the experiments of Bertoldi et al. [16]
that we used for model validation and numerical simulation suggest only a small effect of
the driftwood on the overall braided bar pattern, a one-way approach may be an acceptable
approximation that is still able to capture the physical processes necessary for elucidating
the effect of bar patterns on driftwood storage.

2.2. Flow, Sediment Transort, and Morphodynamics: Eulerian Approach

Herein, we use a two-dimensional morphodynamic model, Nays2DH [20], which is
a plane two-dimensional morphodynamic model incorporated in the international River
Interface Coorperative (iRIC) software package [21,22] to reproduce the various types of
large-scale bedforms including alternate bars and multiple bars (braided channel). This is
an unsteady shallow water flow model with a Manning–Strickler type roughness model
for the flow field, and an equilibrium-bedload transport model for sediment transport and
morphodynamics. Kang et al. [17] also applied this model to reproduce the experiments of
Bertoldi et al. [16], and demonstrated its general applicability in reproducing the braided
channel. This type of morphodynamic model has been widely used to reproduce not just
the braided channel but different types of large-scale morphodynamic phenomena, i.e.,
alternate bars [23,24], multiple bars [22], and meandering [25,26], and its use has been
validated as well. These applications suggested that the model can also be applied to model
several bar patterns (alternate and multiple bars) in this study. Simulated flow- velocity
and bed-elevation change were used to calculate driftwood motion and deposition. This
means that we focus on only the planar motion of the driftwood, whereas vertical motion
and effect of any three-dimensional flow structure on driftwood motion are neglected. This
assumption can be considered reasonable for the cases herein because the water depth is
shallow and three-dimensional flow structures (e.g., secondary flows) driven by sand bar
morphology are not significant [23]. On the other hand, this modeling framework will
not be applicable to flow fields governed by three-dimensional flow structures and the
formation of logjams; in these cases, a three-dimensional flow model is required (e.g., [19]).

2.3. Driftwood Model: Lagrangian Approach

The behavior of driftwood in rivers is quite complex, and it is challenging to model
the transport of individual pieces of driftwood. There are roughly two types of driftwood
transport models: (1) Eulerian models which express wood transport using the advection-
dispersion equation (e.g., [27]), and (2) a Lagrangian model which tracks the motion
of individual wood pieces (e.g., [6,17,19,28,29]). The Lagrangian approach is a more
straightforward approach for modeling driftwood behavior because of the complex motions
that individual wood pieces go through. In this study, we modeled the wood pieces as a
cylinder, as shown in Figure 2 [28], and calculated the plane motion using the following
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momentum equations:
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t is the time; x and y are the downstream and transverse coordinates, respectively; up and
vp are the velocities of the wood piece in the x and y directions, respectively; and u and
v are the flow velocities in the x and y directions, respectively, which are obtained from
the two-dimensional model, ρ is the density of water, CD is the drag coefficient of the
wood piece, and Ax and Ay are the projections of the area of the wood piece in the x and y
directions, respectively.

Ax = |ld sin ϕ|, Ay = |ld cos ϕ| (3)

where l and d, are the length and diameter of the wood piece, respectively, and ϕ is the
angle of the wood piece against the x-axis (see Figure 2). m′ is the mass of the wood piece,
including the added mass and is given by:

m′ = ρ

(
σ

ρ
+ Cm

)
V (4)

V =
π

4
d2l (5)

where σ is the density of the wood piece, V is its volume, and Cm is the coefficient of the
added mass.

Figure 2. Definitions of driftwood properties, flow velocity, and forces acting on wood pieces modeled as a cylinder. (a)
Flow velocities acting on edge of cylinder, (b) force distribution, and (c) moment balance.

The rotational motion of the wood pieces is calculated using following equation.

I
dωp

dt
= M (6)

whereωp is the rotational speed of the wood piece, and I is its moment of inertia.

I =
(

d2

4
+

l2

12

)
m (7)

m =
π

4
d2lσ (8)

m is the total rotational moment acting on the piece of wood. The rotational moment is
obtained by considering the balancing forces acting at the edges of the wood piece (i.e., f 0
and f 1 in Figure 2b). By defining the flow velocities at the edges of the wood piece as ux0,
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uy0, ux1, uy1 (Figure 2a), we can calculate the flow velocity perpendicular to the longer axis
of the wood piece, uN0 and uN1, contributing to the rotational motion, as follows:

uN0 = ux0 sin ϕ− uy0 cos ϕ (9)

uN1 = ux1 sin ϕ− uy1 cos ϕ (10)

The velocity of the wood piece driven by rotational motion (i.e.,ωp) can be calculated by:

vwp = ωp
l
2

(11)

The forces acting at the edge of the wood piece can then be expressed as

f0 =
1
2

ρCrd
(
uN0 − vwp

)∣∣uN0 − vwp
∣∣ (12)

f1 =
1
2

ρCrdi
(
uN1 + vwp

)∣∣uN1 + vwp
∣∣ (13)

where Cr is the drag coefficient of rotational motion.
The total force acting perpendicular to the wood piece, Fw, is calculated by assuming

a linear force distribution along the wood piece, as shown in Figure 2c.

Fw =
1
2
( f1 + f0)l (14)

xg =
( f1 + 2 f0)

3( f0 + f1)
l − 1

2
l (15)

where xg is the distance between the point of action and the point of mass. By substituting
M and I into Equation (6), we calculated the rotational motion of the wood pieces.

The Equations (1), (2) and (6) indicate that the driving force for the motion of the wood
piece is only the drag force from the hydrodynamic calculation, neglecting the collision
of the individual wood pieces and interaction between the wood and bed surface. The
former assumption is critical for logjam formation, and the latter might be problematic
for wood piece deposition. A detailed modeling of such a process (e.g., [17]) will be ideal;
however, for simplicity, it is assumed that the deposition of the wood pieces occurs when
the water depth at the center of gravity is less than the diameter of the wood piece. The
deposited wood piece will again be set in motion when the water depth becomes greater
than its diameter due to bed erosion.

3. Results

We first apply the proposed model to the experimental study performed by Bertoldi et al. [16]
to show the model performance in reproducing the morphodynamics of braided channels
and the transport and deposition of driftwood. We then perform a numerical simulation to
understand the role of large-scale bedforms—that is, alternate bars and multiple bars—in
wood storage.

3.1. Model Performance

Case C1 of Bertoldi et al. [16] was used in this study to validate our model. The
movable bed experiment that includes wood transport and deposition was conducted in a
large laboratory flume 11 m long and 1.7 m wide. The initial channel slope was set to 0.013,
and the bed was composed of well-sorted sand with a mean grain size of 0.73 mm. For the
experimental case, a steady water discharge from the upstream end, at the rate of 1.26 l/s
without driftwood supply, was maintained for 20 h to reproduce the braided channel
pattern in the flume. Using this channel pattern as an initial bed, the same discharge rate
was maintained with wood supply in the channel for 18 h, to understand the behavior of
driftwood in the complex channel configuration. The first 6 h of the experiment contributed
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10 wood pieces every 10 min, and after that the wood supply rate was decreased to 10 wood
pieces every 15 min. The modeled wood piece had a length of 8 cm and a diameter of 3 mm.
Some of the supplied wood pieces have a root structure.

In the numerical simulation, the conditions employed were almost identical to those
used in the experiment, except for the root of the wood pieces. The Manning’s roughness
coefficient was set to 0.0145, and the sediment bed was considered to comprise of a uniform
size of sand. The dimension of the computational grid was 3 cm in both the x and y
directions. The density of the wood pieces was 670 kg/m3. Some parameters for the
driftwood model were determined considering it to be a cylindrical piece; Cd and Cr are
approximated as constant, 1 since effect of Reynolds number on drag coefficient is not
high for the condition we tested (Table 1) [28], and as used by Kang et al. [17], added mass
coefficient, Cm is set to 0.5.

Figure 3 shows the channel pattern reproduced during the first 20 h of the numerical
simulation, and the temporal series showing the bed change and depositional pattern of the
wood pieces during simulation. Figure 3a shows a typical braided channel pattern, that is,
channel bifurcation and complex bar pattern, which was also observed in the experiment
of Bertoldi et al. [16], suggesting that the morphodynamic model we used reproduced
observed braided channel pattern with reasonable accuracy. The results of the calculation
for the latter 18 h show that the supplied wood pieces tend to be deposited at the top of bars
and the edge of the channel. As can be seen in Figure 3, the bar and channel patterns are
modified in time by the channel shift so that the wood pieces deposited on the previously
developed sand bars are remobilized and set in motion by this active channel deformation.
The transport, deposition, and remobilization of the wood pieces are consistent with the
experimental results of Bertoldi et al. [16] and some field observations [13,15], indicating
that the numerical model proposed herein demonstrates a qualitatively good performance
with respect to capturing the behavior of driftwood in the braided channel.

The deposition of the wood pieces was quantitatively evaluated in terms of the storage
of the supplied wood pieces in the modeled braided channel. Figure 4 conveys the number
of supplied wood pieces deposited in the computational domain during the experiment and
simulation, revealing that the simulation tends to underestimate the wood depositional rate.
On the other hand, the overall trend in wood deposition can be captured by the numerical
simulation; in particular, the asymptotic equilibrium state of the depositional rate of the
wood in the latter part of the run (i.e., after 15 h) seems to be reproduced by the simulation.
This behavior is controlled by the balance between the wood deposition onto the bars and
the remobilization of the deposited wood by bank erosion and channel shift. The results
indicate that the simulation correctly captured this process. The underestimation may have
been caused by neglecting the effect of the root in the wood piece in the simulation because
the root enhances the probability of deposition of wood onto the sand bars. In addition,
neglecting the flow–wood and wood–wood interactions may cause critical underestimation
of logjam formation.
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Figure 3. Numerical simulation of braided channel pattern and depositional pattern of wood pieces for Case C1 of Bertoldi
et al. [16]. (a) bar and channel patterns by first 20 h obtained through morphodynamic calculation; (b–f) temporal changes
during the latter 18 h calculated for channel, and depositional patterns of wood piece. Solid-black lines denote wood pieces.
The diameter of wood pieces is increased by factor of 5 for visualization.
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Figure 4. Comparison between experiment and simulation of rate of deposition of supplied wood
pieces onto modeled braided channel.

3.2. Role of Large-Scale Bedforms in Wood Storage

Our simple numerical approach leads to some discrepancy between the results of sim-
ulation and experiment; however, the results also prove that the model enables capturing
general features of wood deposition in the braided channel. The results of the experiment
also indicate that almost 40% of the supplied wood pieces were deposited in this modeled
channel reach, indicating the large wood storage capacity of the braided channel. This
result motivated us to perform a numerical simulation regarding the role of different types
of bedforms in capturing driftwood.

An important controlling parameter in the sand bar regime is the channel width to
water depth ratio [30]. Several criteria have been proposed for the bar regime (e.g., [31–34]).
We determined the computational conditions of the numerical simulation using the bar
regime criteria derived from a linear stability analysis [33]. Table 1 shows the detailed
computational conditions, and Figure 5 demonstrates how the conditions provided in the
table result in the different types of bar characteristics in the context of linear theory (i.e.,
this criterion is valid for the initial stage of development).

Here, Case 1 corresponds to case C1 of Bertoldi et al. [16], which is the validation
case of our study above. The grain size and initial slope were fixed for all the runs while
we changed the water discharge and channel width to set the different bar modes for
simulation. Cases 2 and 4 have the same Shields number for initial condition, but the
dominant bar modes are set to multiple and alternate bars, respectively, to simply observe
the effect of bar geometry on wood deposition. Cases 1–2 and cases 3–4 are intended to
unveil the effect of Shields number under similar bar characteristics; multiple bars are
expected to appear in cases 1–2 and alternate bars in cases 3–4. Case 5 represents the
no-bedform condition, where bed configuration is expected to have limited effect on wood
deposition. Note that in this study, we do not consider about small-scale bedforms (i.e.,
dunes [35,36] and anti-dunes [37]) since the morphodynamic model we use herein can not
reproduce such small-scale bedforms.

It is difficult to set up consistent conditions with regard to the size of the wood pieces
when the channel width is changed. The size of the wood pieces indicated in Table 1
was determined by maintaining a constant ratio between channel width and size of the
wood pieces. In order to observe the effect of variations in length of the wood piece in this
simulation, we also performed a numerical simulation with fixed wood lengths of 3 cm
and 5 cm, through cases 1–5.
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Table 1. Computational conditions for numerical simulation.

Case 1 Case 2 Case 3 Case 4 Case 5

Water discharge, Q (l/s) 1.26 1 2 0.2 10
Channel width, B (m) 1.7 0.7 0.39 0.14 0.39

Uniform water depth, h (cm) 0.38 0.57 1.22 0.57 3.22
Shields number, θ 0.041 0.061 0.132 0.061 0.348

Reynolds number, Re 741 1428 5128 1428 25641

Length of wood piece (cm) 8 3.3 1.8 0.66 1.8
Diameter of wood piece (cm) 0.3 0.12 0.069 0.025 0.69

Figure 5. Dominant bar modes in the numerical simulation predicted by bar regime diagram as
proposed by Kuroki and Kishi [33]. S denotes channel slope.

In this numerical simulation, channel length and width are same as Case 1 through
all the runs; however, we used periodic conditions as the upstream and downstream
boundary conditions for the morphodynamic calculation in cases 3, 4, and 5 (i.e., alternate
bar and no-bar conditions), whereas experiments for cases 1 and 2 were performed under
non-periodic boundary conditions. This is because, to reproduce alternate bars during
simulation, a longer flume than in the experiment is generally needed since a certain
distance is necessary to develop the downstream-migrating alternate bars [38,39]. This
means that the length of the flume in the experiment was not sufficient to obtain alternate
bars in the computational domain. However, a longer flume provides a wider depositional
area for the wood pieces than the shorter flume, making comparison of wood deposition
for the short and long flumes difficult. Under this condition, similar to the validation
case (i.e., Case 1), we first performed morphodynamic calculation for 20 h without wood
supply; calculation for the next 18 h was then carried out to calculate wood transport and
deposition during the morphological evolution of the bed and channel.

Figures 6 and 7 show the temporal changes in the channel pattern and depositional
distribution of the wood pieces in cases 2 (multiple-bar dominated) and 4 (alternate-bar
dominated). The bed and channel patterns simulated in Case 2 is a braiding, which is a
similar pattern to Case 1, although the number of channels seems less, and the exposed
bar area is narrower than that in Case 1. In addition, the temporal variations of the bar
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and channel patterns are more active than for Case 1 because of the higher Shields number.
Despite these differences, wood deposition can be observed on top of the bar and the edge
of the channel, which is also similar to Case 1. This suggests that braiding or multiple bars
provide a wide area for wood deposition, resulting in a high potential for wood storage.
On the other hand, in Case 4, in which the dominant bar mode is alternate bars, few
wood pieces can be deposited in the limited area on top of the bars, as shown in Figure 7.
This is because that the water in this case is relatively deeper than in the multiple-bar
dominated condition (i.e., cases 1 and 2), providing less potential area for wood deposition.
In addition, the downstream migration of the alternate bars increases the possibility of
wood remobilization, and leads to quite small wood deposition. This mechanism is also
valid for Case 3 in which the channel width to depth ratio is lower than that of Case 4 (i.e.,
relatively deeper channel) where alternate bars are more actively migrating downstream,
and Case 5, where there are no bedforms, leading to zero wood deposition in these cases.
This result indicates that although the alternate bars are features that promote large-scale
sediment deposition in the river, and seem to provide a large space for wood deposition,
the actual wood storage seems to be not highly effective because of the narrow exposed
bar area and its active downstream-migrating feature during floods.

Figure 6. Calculation results for channel pattern and depositional distribution of wood pieces in Case 2. (a–e) temporal
changes during the latter 18 h calculated for channel, and depositional patterns of wood piece. Solid black lines denote
wood pieces. The length and diameter of wood pieces are increased by factor of 3 and 5 for visualization, respectively.

Figure 7. Calculation results for channel pattern and depositional distribution of wood pieces in Case 4 at the end of 18 h.
Solid black lines denote wood pieces. The length and diameter of wood pieces are increased by factor of 15 and 20 for
visualization, respectively.

Figure 8 describes the temporal changes in wood deposition rate within the computa-
tional reach in cases 1, 2, and 4 (the depositional amount in cases 3 and 5 is zero, so these
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results are not visualized in this figure). The figure indicates that even though multiple
bars or braiding patterns are similar between cases 1 and 2, there is a significant difference
with respect to the total depositional storage. That is, in Case 2, only 10% of the supplied
wood pieces can be retained in the reach, and the depositional amount is likely to decrease
toward the end of the computation period. This is because the bar and channel patterns
change more actively than in Case 2 because of the higher Shields number, resulting in
higher remobilization of wood pieces previously deposited on the bars. This result implies
that bank erosion and channel shift are also factors that control wood storage in rivers.

Figure 8 also demonstrates the effect of the size of the wood pieces on the depositional
rate. It demonstrates that smaller size wood pieces results in less depositional rate, but
essentially no significant effect of the wood size on wood storage was observed for the
cases we tested. This result might be because that the length of the wood used in the
simulation was sufficiently less than the typical simulated channel width used in the
morphodynamic calculation. The size of the wood is a critical component of the wood
depositional mechanisms for narrower channels [9]; this effect is significant when the
length of the wood is close to the width of the channel.

Figure 9 shows the spatial distribution of deposited driftwood observed after the 2016
flood event in the Otofuke River in the braided and alternate bar dominated reaches. This
figure clearly indicates that the braiding-dominated reach captured a number of driftwood
pieces on top of the bars, whereas the alternate-bar reach has almost no depositional wood.
This is at least qualitatively in good agreement with the numerical results mentioned above,
suggesting that in natural river systems, braiding is a critical factor affecting driftwood
storage brought down from the upstream reaches; however, the alternate bars have a
limited role in the deposition of driftwood.

Figure 8. Temporal change in depositional rate of wood in numerical simulations. Red, blue, and
green lines represent the results of cases 1, 2, and 4, respectively. Solid, dash, and dot-dash lines
denote depositional rate of wood by different wood length, namely, values shown in Table 1, 3 cm,
and 5 cm, respectively.
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Figure 9. Spatial distribution of deposited driftwood in (a) braiding dominated, and (b) alternate-bar dominated reaches of
Otofuke River, Japan after the 2016 flood event. Red circles denote wood deposition/logjam formation.

4. Discussion

The results presented in this paper show that braiding is a critical element in driftwood
storage while the alternate bars have a limited role. This feature has been qualitatively
pointed out by field observations [13,14]. The role of braiding as demonstrated by the
simulation seems significant even when computation is performed for a limited channel
length. This may suggest that a multiple-bar and braiding dominated channel reach
with a sufficiently long length has a critical importance in terms of the overall driftwood
budget [40]. This “cleaning” mechanism of bars in terms of driftwood may reduce the
driftwood load in the downstream reaches, contributing to mitigating the driftwood-
induced flood risk [41]. In addition, this also has a positive effect on the river ecosystem [3]
as this effect might create a unique environment for many species. On the other hand, such
an effect due to driftwood storage may not be present in the alternate-bar dominated reach
because of its morphodynamic features presented in the numerical simulation. Though the
study thus provides a better understanding of the mechanism of driftwood transport and
storage, there are some limitations to this study, which are discussed below.

We maintained a steady water discharge from the upstream end; however, it is obvious
that in natural streams, the water discharge is unsteady. The hydrograph of the unsteady
discharge has a significant effect on the morphodynamics of bar and braiding (e.g., [42,43]);
however, in the context of driftwood transport, the exposure of the bar top (e.g., [44]) and
reduction in bar migration velocity (e.g., [45]) along the falling limb of the hydrograph
is important. This is because reduced water discharge causes exposure of the sand bars
developed during high flow, and also reduces bar migration velocity. These exposed bars
may play a similar role as the sand bars developed in the braiding reach, providing a large
depositional space for driftwood [46], with the reduction in migration velocity probably
suppressing the remobilization of deposited wood pieces. These effects of discharge
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variation on depositional features can be found in the case of different floating objects in
rivers (e.g., seeds [47]). Field observations regarding the supply rate of driftwood suggest
that most of the driftwood being transported during a flood enters the river in the rising
limb of the hydrograph [15,48,49], indicating that the amount of driftwood deposited in
the falling limb of the hydrograph might not be significant in terms of the total supply
rate. However, it is still worth pursuing the effect of discharge variation on driftwood
deposition in several types of bedforms, as the overall wood transport processes remain
poorly understood.

In this study, we treat the wood piece as a cylinder and focus only on the floating wood
piece, meaning that the density of wood considered is less than that of water. However, the
characteristics of wood, namely, structure, density, and size, are also critical parameters
for remobilization of the deposited wood and the transport process [50,51]. In particular,
the density of the wood is an important parameter for motion, that is, floating wood will
move by the flow velocity at the water surface with less chances of being captured by the
bed, whereas the transport process of a heavy wood piece will be controlled by a near-bed
flow structure with a high possibility of contact with the bed (e.g., [52]). Thus, the role
of large-scale bedforms presented in this study could be different in the case of heavy
wood pieces.

Some model limitations in our simple numerical approach could affect the implications
of the study results as well. The most critical limitation may be neglecting the flow-wood
and wood-wood interactions. The former is an important physical process in cases where
the wood piece is quite large compared to the channel dimension [53], and the latter drives
logjam formation [7,54]. As indicated in Figure 1, logjam formation may represent the large
amount of driftwood deposition on the sand bars; this effect needs to be included in the
numerical model. This simplification may be one of the reasons for the underestimation of
the rate of wood deposition in our numerical simulation. The flow–wood and wood–wood
interactions are quite complex processes, so modeling this aspect [19] will be a challenging
task in the future.

5. Summary

This paper presents a numerical simulation of driftwood transport and deposition
in modeled alternate-bar-dominated and braiding-dominated channels, to discuss the
role of large-scale bedforms in driftwood storage in rivers. We propose a simple physics-
based model, which couples a Lagrangian-type driftwood model and an Eulerian two-
dimensional morphodynamic model (iRIC-Nays2DH). The model is then validated using a
flume experiment by Bertoldi et al. [16], focusing on driftwood behavior in the braiding-
dominated channel. The results from the model generally show good agreement in terms
of the depositional pattern and deposited amount in the modeled braided channel, al-
though the simulation tends to underestimate the amount of supplied wood pieces that are
deposited because of approximations adopted in the model (e.g., neglecting flow–wood,
wood–wood interactions, and root). We performed an numerical simulation on the mor-
phodynamic and wood transport parameters under different conditions based on which
type of bars are dominant, more specifically, under alternate-bar and braiding channel
conditions with different Shields numbers. The results show that the braiding channel
pattern provides increased depositional capacity with a wide area for the deposition of
driftwood characterized by exposed mid-channel or in-channel bars, leading to high drift-
wood storage. The alternate bar is also a large sediment depositional element in rivers;
however, because of the narrow exposed bar area and its downstream-migrating feature
during floods, the alternate bars seem to contribute less to driftwood deposition in rivers.
This suggests that the role of multiple bars and braiding is critically important for the
overall driftwood budget.

Some model approximations and unexplored physical processes (i.e., unsteady hydro-
graphs) need to be revisited to further understand driftwood behavior in river systems. In
addition, it will be worth investigating the implications of this study by directly observing
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the driftwood budget, transport rate, and depositional amount in the field and performing
further thorough numerical simulations under different flow, sediment transport, and
channel conditions.
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