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Substrate

Global climate change has led to recurring severe floods and droughts. Severe floods can alter the extent of river
morphology, which is crucial to the river ecosystem. Morphological changes in rivers have been largely over-
looked in conventional assessments of fish habitats. This study presents physical habitat simulations to inves-
tigate the impact of morphological change after a flood on fish habitats in a regulated river, using a hydro-
morphodynamic model. The study reach is a 12.8 km long gravel-bed reach in the Geum-gang River, Korea. It
consists of a series of bends, located downstream of the Yongdam Dam. For the physical habitat simulations, the
most dominant and endemic fish species was selected as the target fish. The HEC-RAS 1D model and habitat
suitability curves were used for hydro-morphodynamic and habitat simulations, respectively. The hydro-
morphodynamic simulation provides information on changes in river morphology and substrate, as well as
flow depth and velocity. The physical habitat simulation reveals that the quality of physical habitats for the
target fish deteriorates after the flood due to increased water depth, which is associated with erosion along the
study reach. This study demonstrates the potential of hydro-morphodynamic simulation for designing a sediment

replenishment scheme to restore fish habitat downstream of dams.

1. Introduction

Global climate change is becoming increasingly evident, resulting in
severe floods and droughts that repeatedly occur worldwide. Large-scale
river works have been carried out for flood control and the expansion of
cities and transportation. Urbanization and floodplain land use have
been issues in both developed and developing countries. All over the
world, white rivers have changed to green mainly due to anthropogenic
activities (Woo, 2010). These provide the main drivers of the change in
river morphology.

River morphology presents the spatial framework for all fish habitats
(Kellerhals and Miles, 1996). However, river morphology has been
treated less importantly than other habitat variables, such as velocity
and flow depth, particularly in physical habitat simulations (Choi et al.,
2017; Kim and Choi, 2021). The conventional perspective on river
morphology concerning physical habitat simulation was relatively
simple. For instance, it was thought that channel aggradation occurs due
to increased slope, increased sediment load, and flow regulation. This
might come from Lane's law, such as Q;/QxS/dso (here, Q; = sediment
load, Q = discharge, S = channel slope, and dsp = median size of bed

* Corresponding author.
E-mail address: schoi@yonsei.ac.kr (S.-U. Choi).

https://doi.org/10.1016/j.ecoleng.2025.107863

sediment). This law appears to be qualitatively sound, but its validity
has rarely been quantitatively proven. Instead, the literature shows that
damming results in reservoir sedimentation, downstream armoring, and
channel degradation due to reduced sediment supply from the dam
(Simon et al., 2002; Choi et al., 2005).

Morphodynamic change affects fish habitats in two ways. One is the
morphological change or riverbed elevation change in a 1D sense.
Sediment transport by high flows induces sedimentation or erosion in
the river reach, changing flow depth and velocity. The other is the
change in substrate, which can have a more serious effect on fish hab-
itats than the first (Kellerhals and Miles, 1996; Servanzi et al., 2024;
White et al., 2025). For example, downstream of instream installations,
the riverbed coarsens, primarily due to the blockage of fine sediment
transport. To assess this latter impact, detailed information on the fish
species' substrate preferences is necessary.

Despite its potential importance, river morphology in reaches
downstream of a dam has been addressed in physical habitat simulations
only recently. Parra et al. (2024) investigated changes in river
morphology and fish meso habitats following an experimental flood in
the lower Spol River, Switzerland. They used a model integrating
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morphodynamics, hydraulics, sediment transport, and habitat for the
analysis. Para et al. found little correlation between changes in the
channel morphology and inhabitant suitability. Still, they indicated that
integrating morphodynamics and eco-hydraulic analysis is relevant to
support the implementation of flow restoration programs. Duffin et al.
(2023) studied the impact of restoring unregulated flows on fish habi-
tats. They applied a quasi-steady, quasi-3D solver for hydraulic, sedi-
ment transport, and morphodynamic simulations to the Lemhi River in
Idaho, US. Duffin et al. found that hydrologic restoration can improve
subdued topography. However, its impact can be limited when applied
to a straightened channel lacking bedforms or sinuosity. Yang et al.
(2023) carried out physical habitat simulations to assess the habitat
quality after releasing high flow from the Rumei Dam in Lancang River,
China. They used a 2D model for hydraulic and morphological simula-
tion and HSCs for habitat simulation, respectively. Yang et al. found that
the dam severely degrades downstream fish habitats, but sediment
replenishment can help restore fish habitat fragmentation.

A problem with an upstream dam is reduced sediment supply. The
dam blocks most of the sediment supply to the downstream reach. As a
result, the riverbed degrades and the bed sediment downstream of the
dam coarsens over time. The research question of what impact flood-
induced morphological changes would have on downstream fish habi-
tats in this altered river environment motivated this study.

This study investigated morphological changes in a gravel-bed river
downstream of a dam and assessed their impact on fish habitat following
alarge flood. The study area is located downstream of the Yongdam Dam
in the Geum-gang River, Korea. For the physical habitat simulation, the
HEC-RAS 1D model and HSCs were used for hydro-morphodynamic and
habitat simulations, respectively. The most dominant and endemic fish
species was selected as the target fish. The hydro-morphodynamic model
was validated for flow and changes in river morphology and substrate in
the study area. A physical habitat simulation was conducted for the
target fish species, and the impact of morphological changes following
the flood on the physical habitat was assessed.

2. Materials and methods
2.1. Study area

The study area is a 12.8 km long reach in the Geum-gang River,
Korea (see Fig. 1). The study reach extends from immediately down-
stream of the Yongdam Dam to the Daeti-gyo Bridge. The study reach is a
gravel-bed river. The average slope of the study reach is 0.0015. As
shown in the figure, the reach downstream of the dam exhibits serious
meandering, characterized by a series of channel bends. The study reach
is regulated by the upstream dam, which releases water for hydropower
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generation throughout the year, except during floods. The flood season
in Korea usually is from June to August. The discharges for drought flow
(Qss5), low flow (Q275), normal flow (Q15), and averaged-wet flow (Qos)
are 2.87, 5.73, 9.51, and 17.13 rn3/s, respectively (Ministry of Land,
Infrastructure, and Transport, 2011). Here, Q, denotes the average flow
discharge that is exceeded on n days of the year.

The Geum-gang River, the third-largest river in Korea, flows through
the central part of the Korean Peninsula. The watershed area is
approximately 9900 km?, accounting for about 9 % of the total area of
Korea. The Geum-gang River has more than 21 major tributaries. The
river is 397.8 km long with an average slope exceeding 0.001 in the
upstream reach. The Yongdam Dam is located on the upper reach of the
Geum-gang River, Korea. It is a multipurpose dam, completed in October
2001. The dam is 70 m high and 500 m wide, with a total water storage
capacity of approximately 8.15 x 10% m®. Key facilities include a 21.9
km-long water-conveyance tunnel and a flow-diversion hydropower
plant at the tunnel's end. The Yongdam Dam is the 5th largest dam in
Korea.

We selected the study site because the study reach has experienced
degradation and armoring after the construction of the upstream dam.
Moreover, the data for investigating previous morphodynamic changes
were available.

2.2. Data

The flow computation requires the discharge and stage at the up-
stream and downstream boundaries, respectively. For the upstream
boundary condition, the hourly-averaged discharge released from the
Yongdam Dam was used (K-water, 2023). The stage data measured
hourly at the Daeti-gyo Bridge Station (Geum River Flood Control Office
(GRFCO), 2023) were used for the downstream boundary condition.

Bed sediment was sampled at 13 sites spaced 1 km apart in the study
reach. Bed sediment consists of sand, gravel, and cobble. The median
size of the bed sediment is 23.3 mm, indicating a gravel-bed river.

Fig. 2(a) shows the discharge from Yongdam Dam from 2011 to 2022
(K-water, 2023). Values of the peak discharges are given in the figure. It
can be seen that a large amount of discharge was released through the
dam gates only 5 times over the last 11 years. The largest flood during
this period occurred in 2020, with a peak discharge of 2904 m>/s.

Fig. 2(b) shows the longitudinal profiles of bed elevation measured in
2011 and 2022 (Ministry of Land, Infrastructure, and Transport, 2011;
Ministry of Environment, 2022). In the figure, the upstream boundary at
x = 0 km is located immediately downstream of the dam, and the
downstream end is the Daeti-gyo Bridge. 12.8 km from the dam. The bed
elevation was measured at the thalweg of the channel cross-section.
Both profiles show vertical fluctuations severely. This is thought to

Geum-gang River

Gamdong-gyo
Bridge
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Fig. 1. Study reach.
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Fig. 2. Discharge and bed elevation.

result from the pool-riffle sequence, which is related to the river's
meandering characteristics. Overall degradation has occurred in the
study reach since 2011, as is typical in the reach downstream of a dam
(Choi et al., 2005). The maximum erosion in the study site ranges from
2.0 to 2.3 m at several locations, including 1.0, 5.0, and 7.2 km from the
dam.

2.3. Fish dominance

Fig. 3 illustrates the distribution of dominant fish species as deter-
mined by field monitoring in the study area (Jung, 2018). The field
monitoring for fish species was carried out in September and October
2017. It was found that Zacco koreanus was the most dominant fish,

other species

19%

Zacco platyp, Zacco koreanus

37%

Coreoleuciscus -~
splendidus
8%
Pungtungia herzi
10% |

Fig. 3. Distribution of dominant fish in the study reach.
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followed by Acheilognathus koreensis, Pungtungia herzi, Coreoleuciscus
splendidus, Pseudopungtungia nigra, Zacco platypus, etc. Among these
dominant fish species, Zacco koreanus, Acheilognathus koreensis, Cor-
eoleuciscus splendidus, and Pseudopungtungia nigra are endemic fish spe-
cies, and Pseudopungtungia nigra is endangered species. It is noticeable
that the first two dominant fish species, namely Zacco koreanus and
Acheilognathus koreensis, account for approximately 50 % of the total fish
species.

2.4. Hydro-morphodynamic simulation

In the present study, the HEC-RAS 1D model (USACE, 2024) was
used for hydro-morphodynamic simulation. The governing equations for
the flow are given by
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which are the continuity and momentum equations, respectively. In Egs.
(1) and (2), x is the distance in the flow direction, t is the time, A is the
cross-sectional area, Q is the discharge, q; is the lateral discharge (per
unit length), V is the flow velocity, g is the gravitational acceleration,
and Sy is the friction slope.

The morphological change in a river can be accounted for by solving
Exner's equation such as

1 0Q 0z
_1—AW+BE*O 3)
where 1 is the porosity, Q; is the sediment load, B is the width of the
mobile bed, and z is the bed elevation from a certain datum.

2.5. Habitat simulation

Habitat simulation provides habitat suitability information on
physical habitat variables such as velocity, flow depth, and substrate.
Typically, as noted by Boavida et al. (2013), hydraulic simulations
provide velocity and flow depth, while the substrate is assessed through
field monitoring. However, information on all three variables can be
given if the hydro-morphodynamic simulation is carried out with proper
initial conditions.

The habitat suitability is expressed by the composite suitability index
(CSD). In the present study, to compute the CSI, the following multipli-
cative aggregation method is used (Bovee et al., 1998):

CSI = f(V) x f(H) x f(s) )

where f(HV) is the habitat suitability value for each habitat variable HV.
Here, HV includes velocity V, flow depth H, and substrate s. The CSI
ranges from 0 to 1, representing the worst and best habitat conditions,
respectively.

Both the expert-knowledge and data-driven models are used for
habitat simulation. The habitat suitability curves (HSCs), which are
most widely used, belong to the expert-knowledge model. The primary
drawback of this type of model is that habitat suitability is influenced by
experts' subjective opinions. The data-driven model includes artificial
neural network (ANN) models, fuzzy logic, statistical methods, and ge-
netic algorithms (Choi and Choi, 2018; Im et al., 2019). In the present
study, despite its drawbacks, the HCS is used for habitat simulation due
to the limited availability of monitoring data.

The Weighted Usable Area (WUA) is calculated using the CSI dis-
tribution. The WUA is the total area of the available habitat for the target
fish species in the study area. The WUA, representing the overall wetted
area weighted by CSI values, can be calculated as (Bovee et al., 1998)
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k
WUA = " CSI; x A; )

i=1

where k is the total number of cells and A; is the area of the i-th cell.

Fig. 4 shows the Habitat Suitability Curves (HSCs) for the target fish,
Zacco koreanus. Zacco koreanus is an endemic species that only inhabits
rivers in Korea. It can be seen that the target fish prefer flow depths and
velocities in the ranges of 0.16-0.42 m and 0.01-0.26 m/s, respectively.
This indicates that Zacco koreanus is a lentic fish, which prefers a slowly
flowing aquatic environment. Zacco koreanus is known to inhabit flow
over gravel and cobble, specifically, substrates 5 and 6, with particle
sizes ranging from 2 to 64 mm and 64 to 250 mm, respectively (Ministry
of Land, Infrastructure, and Transport, 2011; Hur et al., 2009; Kang,
2012). Since the substrate of the study reach consists of gravel, as stated
earlier, the substrate as a habitat variable is not considered in the
physical habitat simulation.

2.6. Validation of hydro-morphodynamic model

Validation of the hydro-morphodynamic model was conducted for
both the flow and river morphology. Here, the model validation is given
for computing the morphological change first. The morphological
change of the study reach is calculated over the period 2011-2021. The
discharge hydrograph at the upstream boundary is shown in Fig. 2(a),
where five major floods are observed. The stage data measured at the
Daeti-gyo Station were imposed at the downstream boundary. The 2011
data, shown in Fig. 2(b), were used as the initial bed elevation. For bed
sediment, particle size distributions measured at 13 sites in 2011 (see
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Fig. 4. Habitat suitability Curves for Zacco koreanus.
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Fig. 6) were used.

Fig. 5 shows the computed longitudinal bed elevation profile, along
with the measured data. It was assumed that sediment supply from the
dam was negligible. Four total sediment load formulas were tested,
including Meyer-Peter and Muller's, Engelund-Hansen's, Ackers-White's,
and Yang's formulas (see Supplementary Materials). They resulted in
Root Mean Square Errors (RMSEs) of 0.90, 0.72, 0.88, and 0.87 m,
respectively. Thus, in the present study, Engelund-Hansen's formula was
used for the sediment transport in the study reach. The computed bed
elevation is in relatively good agreement with the measured data.
However, the degradation in the reaches for 6 km < x < 7 km and 8 km
< x < 10 km is slightly over-predicted.

Fig. 6 shows the particle size distributions obtained at 12 different
sites in 2011 and 2022. The computed distributions in 2022 are also
provided for comparison. The data measured at x = 10 km in 2022
include errors, so they were excluded from the comparison. The
computed distribution agrees moderately well with the measured data,
except at the site x = 12 km from the dam. A general trend observed in
the particle size distribution is that bed sediment particles have been
coarsened during this period. However, the distribution measured at x
= 12 km in 2022 indicates that bed particles have become finer during
the same period. Nonetheless, this figure demonstrates that the hydro-
morphodynamic model can simulate not only changes in bed elevation
but also changes in bed sediment. In the figure, it is also noteworthy that
armoring of bed sediment occurred in the study reach during 2011 and
2022. The median size of bed sediment changed from 7.7 mm to 23.3
mm during this period.

The distribution of the sorting coefficient with the longitudinal dis-
tance is plotted in Fig. 7. The sorting coefficient (so), defined by
v/d7s/dss, indicates the level of uniformity in the particle size distri-
bution. For natural sediment, the sorting coefficient ranges in the range
of 2.0 < sp < 4.5 (Woo, 2001). A higher sorting coefficient indicates that
particles are more widely distributed. The coefficients calculated from
data measured in 2011 and 2022 are given. It can be observed that the
particles of bed sediment have become remarkably uniform by 2022.
The sorting coefficient averaged over the study reach is 4.05 in 2011 and
2.35 in 2022. The sorting process of bed sediment downstream of the
dam occurred due to bed armoring, with the flow carrying away fine
particles. Notably, the 2011 data indicate that bed armoring occurred up
to 3 km downstream from the dam. This seems reasonable, considering
the dam was completed in 2001.

For model validation of the flow, computations were performed for
the August 2020 flood. The discharge and stage hydrographs in Fig. 8(a)
were imposed at the upstream and downstream boundaries, respec-
tively. The stage data were measured at the Daeti-gyo Bridge in Fig. 1. In
2020, the maximum discharge of 2904 m3/s, which is close to the 200-
year flood of 2920 m%/s, occurred on August 8, 2020. For the roughness
coefficient, the entire study reach was divided into two. That is, a
roughness coefficient of n = 0.065 was used in the upper reach to
Gamdong-gyo Bridge, located 4.6 km from the dam, and n = 0.035 in the
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Fig. 5. Comparison between computed bed elevation and measured data.
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Fig. 6. Particle size distribution of bed sediment.

lower reach downstream from the Gamdong-gyo Bridge (see Fig. 1).
These roughness coefficient values were suggested by the Ministry of
Land, Infrastructure, and Transport (2011). This is thought to be
reasonable because the plot of the median size of bed sediment in Fig. 6
shows higher values in the upper reach, although not shown herein.

Fig. 8(b) compares the computed stage with the measured data at
Gamdong-gyo Station. The maximum difference of approximately 0.4 m
occurred during the falling stage of the flood, specifically between
August 9 and August 10. However, the overall prediction is successful,
indicating that the hydro-morphodynamic model can predict floods with
reasonably good accuracy.

3. Results

Now, the Impact of morphological change on downstream fish
habitat is investigated. It is assumed that the same flood as shown in
Fig. 8, which is close to the 200-year flood, occurs in the study reach.
The bed elevation profile measured in 2022, as shown in Fig. 5, and the
particle size distribution of bed sediment measured in 2022, as depicted
in Fig. 6, are used as initial conditions.

Fig. 9(a) shows the computed bed elevation after the flood with the
initial bed elevation profile. For sediment transport, the Engelund-
Hansen formula was used, with no sediment load specified at the up-
stream boundary. Previously, the Engelund-Hansen formula was pro-
posed for predicting total sediment load in large rivers in Korea (Choi



J. Jang et al.

Ecological Engineering 224 (2026) 107863

100 - 100 -
F measured in 2011 r measured in 2011 /;
80 ===-- measured in 2022 / 80f ===~ measured in 2022 J
I simulated : | simulated :
= 60 = 60 H
- @ '
] c ‘
S = :
X 0 X 40
20 - 20
0 - S S 0 - —
0.1 1 10 100 0.1 1 10 100
particle diameter (mm) particle diameter (mm)
(g) x = 6 km (h) x = 7 km
100 — - 100 — 7
i measured in 201 g i measured in 201 2
80 ===~ measured in 20 sof----- measured in 20 /
L simulated i L simulated /
= 60 / = 60
= =3
-] c
U =
ST ST
20 e 20
0 - Ce e 0 o il
0.1 1 10 100 0.1 1 10 100
particle diameter (mm) particle diameter (mm)
(i) x = 8 km (j) x = 9 km
100 7
measured in 2 '
80 (- = - --- measured in h
simulated '
W 60| H
=3 "
-] ‘
= h
ET h
20
ol A . " 0 | T
10 100 0.1 1 10 100

particle diameter (mm)

(k) x = 11 km

particle diameter (mm)

) x =12 km

Fig. 6. (continued).

and Lee, 2015). Overall, degradation occurs in the study reach. The
figure shows that more erosion occurs in the upper reach than in the
lower reach, which is typical of the riverbed downstream of a dam. A
similar type of erosion has been observed in a reach downstream of the
Daecheong Dam, Korea (Woo, 2001). The sediment supply from the dam
is significantly reduced, and the upper reach for 0 < x < 5 km is directly
exposed to the tractive force. This resulted in coarse bed sediment or a
higher roughness coefficient in the upper reach, as observed. However,
such erosion does not occur in the lower reach for 5 < x < 12.8 km,
suggesting a balance between sediment inflow and outflow. The average

depth of erosion per unit width is 1.82 m in the upper reach and 1.05 m

in the lower reach.

For the regulated flow of Q = 8.7 m3/s released from the dam for
hydropower generation, the flow depth and velocity are H = 0.44 m and
V =0.11 m/s, respectively, at a location immediately downstream from
the dam. With the average slope of S; = 0.0015 and particle diameter of
d = 20.7 mm, the particle Reynolds number (Re, = /Rgdd/v, here, R=
submerged specific gravity of sediment, and v = kinematic viscosity of
water) and corresponding Shields parameter (z* = HSy/(Rd)) become
Re, = 12,000 and 7" = 0.019, respectively. The computed Shields
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parameter is smaller than the critical value of 0.06, indicating that this
regulated flow does not transport bed sediment particles. If the
discharge is increased to the peak flow of Q = 2900 m%/s during the
2020 flood, the Shields parameter becomes t* = 0.329, which is larger
than the critical value. This simple calculation shows that bed sediment
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Fig. 9. Morphological change and sediment deposition after the flood.

can rarely be transported by the regulated flows; however, it can be
transported during floods in the study reach.

Fig. 9(b) shows the amount of sediment deposition averaged over the
width of the cross-section. In the figure, the negative deposition means
erosion of the bed. The figure shows that erosion and deposition occur
repeatedly along the study reach. This trend is similar to that in a
meandering river reach computed by a three-dimensional numerical
model in Parsapour-Moghaddam et al. (2019). However, the amount of
erosion is much larger than that of deposition. In the figure, the
maximum erosion of about 2.0 m occurs at 0.5 and 4.2 km from the dam,
and the maximum deposition of 1.4 m occurs at x = 5 km from the dam.

The particle size distributions of bed sediment before and after the
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flood are given in Fig. 10. The distributions are provided at every 2.0 km
from the dam. Bed sediment particles are slightly coarser after the flood;
however, the distributions before and after the flood appear similar
overall. This is because the previous floods had caused bed armoring,
and the dam blocks further sediment supply. The particle size distribu-
tions for 0 < x < 3 km, including fine particles, as shown in Fig. 6,
become very uniform as fine particles flow out from the bed after the
flood. The median size of the bed sediment particles changes from 22.8
mm to 24.1 mm due to the flood. In addition, the sorting coefficient of
the bed sediment particles changes from 2.44 (2.35) to 1.84 after the
flood. This indicates that the bed sediment particles become uniform
after the flood, but the change is less severe than before.

The CSI distribution for the regulated flow of Q = 8.7 m>/s is given in
Fig. 11(a). Since the interval of the hydrographic survey in the study
reach is 200 m, the CSI distribution within this interval is uniform, as
shown in the figure. Two distinct features are observable in Fig. 11(a).
First, the CSI fluctuates in the longitudinal direction, which is related to
the fluctuations of the bed elevation profile, as shown in Fig. 2(b).
Secondly, the CSI peak value decreases in the longitudinal direction. A
similar pattern is observed before the flood, indicating that the quality of
the physical habitats for Zacco koreanus, a lentic fish species, degrades
continuously in the longitudinal direction. The WUA of the study reach
before the flood was 339,443 m? with a total study area of 1,282,763 m?,
resulting in a WUA ratio of 0.265. This indicates that 26.5 % of the study
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Fig. 10. Particle size distribution of bed sediment before and after the flood.

Ecological Engineering 224 (2026) 107863

1.0

0.8
0.6
0.4
0.2

CSl Value

0.0

(a) CSI distribution after the flood

Csl after ~ CSllwﬁvrc

4 6 8 10 12 14
longitudinal distance from upstream (km)

(b) Change in CSI after the flood

Fig. 11. CSI distribution and change in CSI after the flood.

area is appropriate for the habitats of the target fish. After the flood, the
WUA of the study reach in Fig. 9(a) is 279,809 m? with a reduced WUA
ratio of 0.218. This means the WUA decreases by 17.6 % due to
morphological changes following the flood.

In Fig. 11(b), the changes in CSI after the flood are plotted in the
longitudinal direction. The positive value on the vertical axis indicates
that the physical habitat quality for the target fish improves after the
flood. It can be observed that improvements and deteriorations in
physical habitats occur repeatedly along the longitudinal direction. This
is related to the morphological changes after the flood. In addition, the
figure shows that the change in CSI in the upper reach is larger than that
in the lower reach. This is due to the morphological change, as in Fig. 9
(b). In most cases, CSI degradation after the flood is associated with
increased flow depth over the entire reach. The quality of the physical
habitats degrades primarily in the upper reach, where the flow depth
increases due to erosion.

4. Discussion

Computing the morphological change of a river is a challenging task
(Parker, 2004). The approaches for numerically simulating the
morphological change of a river can be classified into three methodol-
ogies, depending on the spatial dimension of the flow model, namely 1D,
2D, and 3D models. The 1D model provides rough, averaged information
on river morphology over the river reach, but cannot pinpoint the lo-
cations of morphological changes. However, both 2D and 3D models can
provide microhabitats in physical habitat simulations (Boavida et al.,
2013). The 2D model assumes horizontal flow, which is valid for shallow
flow. To accurately predict morphological change, the 2D model must
consider the effects of secondary flows and lateral slope (Lai, 2020). The
3D model is accurate, but it is expensive. Moreover, the morphological
change computed by the 3D model is not remarkably precise compared
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with the measured data (Khosronejad et al., 2011). Lai et al. (2022)
attributed this to the fact that the estimation of turbulent bed shear
stress is not accurate enough, and equilibrium sediment transport for-
mulas are too empirical.

In Korea, a basic plan for river management is legally required to be
established once every 10 years for rivers managed by the nation. The
basic plan includes hydrogeographic survey data and the collection of
bed sediment to examine morphodynamic changes in the river over the
last 10 years. Typically, the hydrogeographic survey is conducted every
200 m along the river reach. The results of the hydrogeographic survey
provide essential information on river degradation and aggradation,
local riverbed erosion, and sediment deposition. However, the survey
results do not provide sufficient information to identify changes in mi-
crohabitats. The present study analyzed morphological change using
data from the basic plan (Ministry of Land, Infrastructure, and Trans-
port, 2011; Ministry of Environment, 2022), which provided a rationale
for using the 1D hydro-morphodynamic model.

The physical habitat simulation generally uses habitat variables such
as velocity, flow depth, and substrate. The velocity and flow depth are
obtained from the hydraulic simulation, but the substrate is not. The
habitat suitability for the substrate is evaluated based on field data.
However, suppose the hydraulic simulation is replaced with a hydro-
morphodynamic simulation, as in the present study. In that case, the
simulation can provide not only changes in flow but also in river mor-
phodynamics. Morphodynamic change encompasses morphological
changes in a river and changes in the substrate composition, both of
which affect the quality of fish habitats. In the present study, the change
in substrate simulated by the hydro-morphodynamic model was not
considered because the data indicate that the target fish prefer sub-
strates larger than gravel. However, this study demonstrates the po-
tential of hydro-morphodynamic computation for the computed
substrate in physical habitat simulations.

Once a dam is built upstream, sediment supply from the dam is
seriously reduced. Consequently, the downstream riverbed is exposed to
degradation and armoring. This study reveals that WUA decreased by
17.6 %, suggesting deterioration of fish habitats due to morphological
changes following the floods. The extent of deterioration by the change
in substrate might be more serious, as indicated by Kellerhals and Miles
(1996). That is, downstream aquatic animals may suffer a lack of fine
particles. One countermeasure being implemented in the fields is sedi-
ment replenishment, supplying sediment in the reach downstream of a
dam. To achieve this, sediment must be excavated from upstream lo-
cations where it was deposited and transported downstream. When a
flood occurs, sediments that have been stacked on either the floodplain
or main channel are flushed downstream of the dam. The hydro-
morphodynamic simulations can be effectively used to design sedi-
ment replenishment plans to restore fish habitat by precisely delivering
fine sediment particles downstream of dams.

5. Conclusions

This study investigated the morphological changes of a gravel-bed
river reach regulated by an upstream dam and their impact on down-
stream fish habitats following a 200-year flood. A physical habitat
simulation was conducted for the target fish species, Zacco koreanus.
Hydro-morphodynamic and habitat simulations were performed using
the HEC-RAS 1D model and HSCs, respectively. The hydro-
morphodynamic model was validated by comparing the computed
flow, river morphology, and bed sediment distribution with measured
data. Zacco koreanus, the most dominant and endemic fish species, was
selected as the target fish. In the present study, the substrate was not
used as a habitat variable. This is because the study reach is a gravel-bed
river with no discernible differences in the preferences of the target fish
species.

Simulation results indicated that severe erosion occurred after the
flood. The average erosion depth in the upper reach upstream of the
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Gamdong-gyo Bridge was 73 % more than that in the lower reach
downstream of the bridge. This is a typical pattern of the morphological
change in the riverbed downstream of a dam. Furthermore, erosion of
the bed and sediment deposition were found to occur repeatedly along
the longitudinal direction, resulting in much greater erosion than
deposition over the study area.

The CSI distribution after the flood also shows a fluctuating pattern
in the longitudinal direction, with peak values decreasing in the same
direction. These characteristics, also observed before the flood, indicate
that the physical habitats of the target fish species degrade slowly along
the longitudinal direction. The change in the CSI revealed that im-
provements and deterioration in the physical habitats occur repeatedly
along the longitudinal direction, and the overall quality of the physical
habitats degraded in the reach where flow depth increases due to
erosion. This results in a 17.6 % decrease in the WUA within the study
reach after the flood.

This study presented a physical habitat simulation in which hy-
draulic simulation is replaced by hydro-morphodynamic simulation.
The hydro-morphodynamic simulation provided changes in river
morphology and composition of bed sediment, as well as velocity and
flow depth. This study revealed that morphological changes following
the flood significantly reduced the quality of the physical habitats in the
study area. Likewise, changes in substrate can affect physical habitats to
a similar extent. However, unfortunately, the change of substrate was
not considered in the present study because the HSC for the substrate is
not sufficiently sensitive.
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