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Abstract. As flood disasters with sediment and driftwood are becoming severe, it is required to evaluate the
risk of such disasters. The present study proposes methods to create hazard maps for such type of flood disasters
using a watershed model and a 2-D flood flow model, and applied the methods to the Akatani river flood disaster
in 2017 to discuss their applicability and challenges. The upstream boundary conditions of 2-D flood flow model
are specified for the hydrographs of flow discharge, sediment discharge and driftwood discharge by using the
results obtained from their basin model. As a result of the Akatani river simulation with the proposed methods,
we found that the computational results reproduce the inundation area and elevation change, and the proposed
methods are effective in creating flood hazard maps with sediment and driftwood.

1 Introduction

When heavy rainfall occurs in mountainous areas, it causes
landslides and debris flows at numerous locations in a wa-
tershed. The landslides and debris flows generate numerous
amounts of sediment and large wood. Once these sediment
and large wood are supplied to the river channel, they are
transported downstream by the flood flow. In downstream
areas, large wood accumulation takes place at many loca-
tions, such as bridges and sediment deposition areas and in-
fluences the flood flow. Recently, these types of flood hazards
have been reported in numerous places over the world (e.g.,
Comiti et al., 2008; Harada and Egashira, 2018; Lucia et al.,
2018).

To mitigate such flood disasters, it is necessary to pre-
dict possible hazard occurrences and develop hazard maps
so that residents understand the possible hazards and evacu-
ate appropriately. However, compared to flood hazard maps,
there are not enough methods to assess and develop hazard
maps for flood hazards with sediment and driftwood. To eval-
uate such flood hazards, it is necessary to obtain a time se-
ries of the water, sediment, and driftwood discharged from
the watershed and to evaluate its effect on flood flows at
downstream areas. Although several previous studies have at-
tempted to evaluate such flood hazards (e.g., Liu et al., 2022;

Huang et al., 2022), methods to evaluate flood hazards from
the above perspective have not yet been established. This
study proposes methods to create hazard maps for such types
of flood disasters by combining a watershed model and a 2-
D flood flow model, and applied the methods to the Akatani
river flood disaster in 2017 to discuss their applicability and
challenges.

2 Methods

2.1 Evaluation of water, sediment and driftwood runoff
from a watershed

In this study, we propose an integrated method to simulate
rainfall-runoff, landslide and debris flow, and sediment and
driftwood transport in the river channel to obtain a time series
of sediment and driftwood discharged from the watershed at
an arbitrary location.

Figure 1 illustrates these processes conceptually. The oc-
currence of landslide, debris flow, and driftwood transport
induced by a landslide on a hill slope are evaluated based on
the method of Yamazaki and Egashira (2019). Slope stability
analysis to evaluate the landslide occurrence is performed in
the slope cell of the Rainfall-runoff-inundation (RRI) model
developed by Samaya et al. (2012). The sediment transport
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Figure 1. Conceptual illustrations of a method for evaluating water,
sediment and driftwood runoff from a basin.

that accompanies the landslide is analyzed using the equa-
tion of a mass system, from the point of origin to the location
where the deposition occurs, and when the sediment reaches
the river channel, it is treated as a sediment supply to the
channel.

In the river channel, following the method proposed by
Egashira and Matsuki (2000), a section that includes the up-
stream confluence (xj , yj ) and excludes the downstream con-
fluence point (xj+1) is designated as the unit channel, as
shown in Fig. 1, and the sediment and large wood runoff for
the entire basin is predicted by allocating the unit channels
in series and parallel. This modeling allows for simple and
stable analysis of sediment and large wood transport in com-
plex channel networks. Therefore, the riverbed evolution in
each unit channel is described as follows;
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where zb is the bed elevation, λ is the sediemnt porosity, Bj
and Lj are the width and length of the unit channel j , respec-
tively; Qbi

(
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)

is the bedload transport rate for grain size di
of the unit channel j ; V is the sediment volume supplied
from the slope; pV i is the content ratio in the sediment sup-
plied from the slope for the grain size di , Ei and Di are the
erosion and deposition rate of suspended sediment for grain
size di .

To treat a large number of driftwood transport, we assume
that the wood pieces behave as neutral buoyant particles, as
this assumption allows the introduction of the convection
equation (Harada and Egashira, 2018). In this method, we
assume that the erosion and deposition of driftwood occurs
in proportion to sediment erosion and deposition, based on
the idea that when the sediment is deposited, the wood par-
ticles are also deposited on the riverbed, and when sediment
is eroded, wood particles are also taken into the water. Also,

Table 1. Parameters employed for the watershed computations.

Item Value

Mesh size (m) 10× 10
Soil depth (m) 1.0
Saturated hydraulic conductivity (cm s−1) 0.5
Equivalent roughness coefficient 0.4
Soil porosity: λ 0.475
Internal friction angle (°) 35
Cohesion (kN m−2) 12.5
Soil density (kg m−3) 2650
Water density (kg m−3) 1000

assuming that large wood accumulation occurs at artificial
structures such as bridges, the convection equation is cou-
pled with the storage equation of driftwood in the channel
bed.

In case of ∂zb/∂t > 0 (Sediment deposition)
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where cdrf is the driftwood concentration, h is the depth,
Q
(
xj
)

is the flow discharge of the unit channel j , c∗ is the
sediment concentration of the river bed, vn is the is the in-
ward velocity normal to the structure such as the bridge, pb
is the probability that large wood is captured at structures,
ranging from 0 to 1 (we employ 1 in this study), Vdrf is the
volume of driftwood supplied from the slope due to the de-
bris flow. Function r(txy) is introduced to describe the phe-
nomena that the driftwood erosion does not occur at depths
shallower than a certain water depth, and large wood depo-
sition does not occur at depths deeper than a certain water
depth. Due to space limitation, please refer to Harada and
Egashira (2018) for specific functions r(txy) and treatment
for the sediment erosion case.

2.2 Evaluation of flood flow with sediment and driftwood

In order to create flood hazard maps for these hazards, we
employ the depth averaged 2-D numerical simulations. The
flow field is simulated using 2-D depth-integrated governing
equations, which include mass and momentum conservation
equations (e.g., Shimizu et al., 2019). The upstream bound-
ary conditions for the 2-D computation are obtained by the
methods in Sect. 2.1, in which we obtain a time series of sedi-
ment and driftwood discharged from the watershed. The 2-D
forms of the Eqs. (2) and (3) are employed to evaluate the
driftwood behaviour.
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Figure 2. The Akatani River basin with debris flows and flood
marks identified from aerial photos (Nagumo and Egashira, 2019;
was partially modified by the authors). The background image is
provided by the Geographical Information Authority of Japan.

3 Application to the Akatani river flood disaster in
2017

3.1 Computational conditions

The proposed method is applied to evaluate the flood disaster
in the Akatani river, 2017, where a large amount of sediment
and driftwood was produced in the mountainous area, as
shown in Fig. 2. Parameters employed for the rainfall-runoff
and landslide calculation is shown in Table 1. Initial sedi-
ment size distributions set in the channel network are given
as shown in Fig. 3, referring to the sediment size distributions
observed after the flood. The density of standing trees for the
driftwood runoff simulation is set as 0.06 (m3 m−2).

The 2-D flood flow simulations with sediment and drift-
wood are conducted within the 3.5 km section as shown in
Fig. 2. For upstream conditions related to flow discharge,
sediment, and driftwood, we use the watershed computation
results at the 3.5 km location. Calculations are performed for
the two cases, flow only (Case 1) and with sediment and drift-
wood (Case 2) to compare the differences in results depend-
ing on the presence of sediment and driftwood.

Figure 3. Sediment size distribution in the riverbed surveyed after
the disaster. The (km) in the legend is the distance from the Chikugo
river confluence point, as shown in Fig. 2.

Figure 4. Computational results of the watershed model for flood
water, suspended sediment, and driftwood discharge at the 3.5 km
point.

3.2 Results

Figure 4 shows the results of the watershed computation
at 3.5 km point; the location corresponds to the upstream
boundary of the 2-D flood flow computation. According to
the figure, suspended sediment and driftwood discharge are
concentrated around 3 h after the start of the event. This is
due to the results that the occurrence of landslide and associ-
ated sediment transport are concentrated during this time pe-
riod. This result is used as the upstream end boundary condi-
tion for the 2-D flood flow analysis, and the results in Fig. 4
indicate that a large amount of sediment and driftwood are
discharged to the target section before the flood discharge
reaches its peak flow.

Figure 5 compares the computational results for the in-
undation area between Case 1 and Case 2. There are seven
bridges within the 3.5 km section, and the driftwood deposi-
tion in the computation exceeds 1 m in some of the bridges,
thus the flow is obstructed, causing the flow to divert around
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Figure 5. Computational results of the water depth at peak dis-
charge. The comparison is between Case 1 (flow only; left) and
Case 2(with sediment and driftwood; right); The background im-
age was taken from © Google Maps.

the bridge. As a result, the inundation area in Case 2 is larger
than that in Case 1, which is closer to the actual inundated
area, shown as white dotted line.

Figure 6 compares the computation results at the peak
flow with the water level marks to partially show the valid-
ity of this computation. In Case 2, the channel capacity has
decreased due to sediment deposition on the river channel.
Comparing the water levels in Case 1 and 2 with the water
level mark, for example, around the 1.5 km location, where
is the upstream of the bridge, Case 1 is about 1 m below the
water level mark and Case 2 is about 50 cm above the water
level mark. In Case 2, the bed shear stress in the river chan-
nel is reduced at upstream of the bridge due to the driftwood
accumulation at the bridge, that causing significant sediment
deposition here.

Figure 7 compares the difference in sediment deposition
during the flood event between the measured by an aerial
laser survey (left figure) and the computational results in
Case 2 (right figure). The trends in the two figures are gener-
ally consistent in terms that more than 2 m sediment deposi-
tion takes place in the river channel (red-coloured area) and
that sediment is deposited several tens of centimeters thick-
ness in the areas where inundation occurred.

4 Discussion

In the Akatani River disaster, sediment conditions in the river
channel changed drastically because of the large amount of

Figure 6. Comparison of the results with the water level mark and
river bed elevation in the longitudinal direction of the river channel
during peak flow. Bridge location shows the elevation of the bridge.

Figure 7. Comparison of elevation changes before and after the
flooding measured by aerial laser survey (left) and elevation change
at the end of Case 2 computation (right). The background image
was taken from © Google Maps.

fine sediment deposited in the channel supplied by landslide
and debris flows in many places. According to Fig. 4, the
supplied sediment is transported to the downstream, thus in
the downstream river channels, this change seems to have
occurred before the water discharge peak time. Figure 6 also
shows that the river channel capacity is drastically reduced
even before the flood flow peak comes, and the driftwood dis-
charged from the watershed is deposited at the bridges, which
significantly affect the water surface profile and flood flow

Proc. IAHS, 386, 159–164, 2024 https://doi.org/10.5194/piahs-386-159-2024



D. Harada and S. Egashira: Methods to create hazard maps for flood disasters with sediment and driftwood 163

around the bridges. To evaluate such a disaster, the physics-
based method proposed in this study is effective.

Compared to existing methods for treating sediment and
driftwood in the numerical simulation, this method allows us
to perform physics-based integrated analysis of water, sed-
iment, and driftwood runoff from the watershed. In partic-
ular, the unit channel concept in Fig. 1 and the convection
equation in Eq. (2) allow the treatment of numerous amounts
of sediment and driftwood transport. On the other hand, it
should be mentioned that some challenges remain in creat-
ing hazard maps using such methods. For example, valida-
tion of the computed results is required where disasters have
not yet occurred, thus validation should be conducted using
the existing data for the present sediment transport or past
disasters. Particularly, parameters that affect the results such
as the soil cohesion, and sediment size distribution that we
give as conditions should be carefully investigated in future.

5 Conclusion

In this research, we proposed methods to create flood haz-
ard maps with active sediment and driftwood transport, using
a watershed model and a 2-D flood flow model, where the
driftwood transport is based on the convection and storage
equations, and applied the methods to the Akatani river flood
disaster in 2017 to discuss their applicability and challenges.
As a result, the 2-D flood flow simulation that uses the results
of watershed water, sediment, and driftwood runoff simula-
tion reproduces the disaster in terms of inundation area, wa-
ter depth, and sediment deposition. The methods proposed in
this study are suitable for creating flood hazard maps in cases
where the sediment conditions in the river channel change
drastically, as in the case of the Akatani river disaster. How-
ever, further studies will be required for the use of practical
hazard map creation in terms of the validation where disas-
ters have not yet occurred, sediment size distribution, sedi-
ment sorting processes, river bank erosion, and so on.

Data availability. The data are available from the corresponding
author on reasonable request.

Author contributions. DH and SE conceptualized the study; DH
performed the numerical simulations; DH wrote the manuscript
draft; SE reviewed and edited the manuscript.

Competing interests. At least one of the (co-)authors is a guest
member of the editorial board of Proceedings of IAHS for the spe-
cial issue “ICFM9 – River Basin Disaster Resilience and Sustain-
ability by All”. The peer-review process was guided by an indepen-
dent editor, and the authors also have no other competing interests
to declare.

Disclaimer. Publisher’s note: Copernicus Publications remains
neutral with regard to jurisdictional claims made in the text, pub-
lished maps, institutional affiliations, or any other geographical rep-
resentation in this paper. While Copernicus Publications makes ev-
ery effort to include appropriate place names, the final responsibility
lies with the authors.

Special issue statement. This article is part of the special issue
“ICFM9 – River Basin Disaster Resilience and Sustainability by
All”. It is a result of The 9th International Conference on Flood
Management, Tsukuba, Japan, 18–22 February 2023.

Acknowledgements. The authors would like to thank
Naoko Nagumo, Yousuke Nakamura, and Yusuke Yamazaki
for their contribution to the field survey and data preparation for
this study.

Financial support. This research has been supported by the Japan
Society for the Promotion of Science (grant no. 22K14334).

Review statement. This paper was edited by Kensuke Naito and
reviewed by Dimitrios Fytanidis and one anonymous referee.

References

Comiti, F., Mao, L., Preciso, E., Picco, L., Marchi, L., and Borga,
M.: Large wood and flash floods: evidence from the 2007 event
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