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Abstract: In the past decade, the numerical modelling of braided river morphodynamics has experi-
enced a significant advance due to the increasing computer power and the development of numerical
techniques. Numerical models are quite efficient in exploring scenarios with different settings, and
they can be applied to investigate the complicated physics laws of natural braided rivers and manage
complex river engineering problems. However, braided river models are far from fully developed,
e.g., the representation of flow and sediment transport, model sensitivity, essential effects of sediment
transport, bank erosion and vegetation, and require intensive refinement and validation to enhance
their prediction accuracy. The recent application of advanced field measurement techniques offers
model development a new chance by providing abundant measurement data of a high quality. The
present study reviews the essential mechanisms and applications of typical braided river models;
compares their accuracy; discusses the recent progress, advantages and shortcomings; and illustrates
the challenges and future research trends.
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1. Introduction

Braided rivers are widely distributed in mountainous regions under a variety of
climatic regions, characterized by multiple unstable channels and ephemeral bars formed
by intense bed load transport and a set of very active channel processes [1]. Figure 1 shows
some examples of typical braided reaches in nature. The first five from the Sunwapta River,
Canada to the Tuotuo River, China, are located in mountainous areas (Figure 1a–e), and
the last two of the Yellow River, China and the Brahamputra River, Bangladesh are located
on plains (Figure 1f,g). The understanding of braided river morphodynamics is largely
restricted by the fact that they are characterized by unstable networks and highly active
channel processes [2].

Numerical models, which are complementary to field observations, can provide a
large dataset of sufficient spatial resolution and time series to analyze the morphodynamics
in rivers, and have shown their potential to produce morphological elements, braiding
phenomena and statistical characteristics similar to natural braided rivers [3–7]. They have
been applied to explain some poorly understood phenomena in natural braided rivers,
such as avulsions [8,9]; discuss the essential factors controlling the complex processes in
braided rivers; and test hypotheses that are difficult to be verified in natural rivers [10,11].
Previous studies have reviewed the existing numerical models for braided river
simulation [3,5,12–17].

Despite the progress made so far, braided river models are still in their early stage,
with many problems far from being solved, e.g., the representation of flow and sediment
transport, sediment sorting effect, bank erosion, vegetation and model sensitivity. The
complicated and frequently changing nature of braided rivers determines that an exact
simulation of their braided patterns is nearly impossible [12]. Recently, the simulation
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of braided rivers has transferred from idealized simulation with schematic boundary
conditions to natural braided reaches with measured topography and flow and sediment
conditions [5,18]. Fortunately, the recent advances in measurement techniques, such as
multi-spectral imaging, LiDAR and unmanned aerial vehicles (UVAs) [19–27], provide a
new opportunity for the development of numerical models. Based on the high-quality field
data of digital elevation model (DEM) and real-time monitoring data of flow and sediment,
the accurate simulation and evolution prediction of specific natural braided rivers will
become expected in the future.

Figure 1. Examples of typical braided reaches in nature (from Google Earth): (a) Sunwapta River,
Canada; (b) Waimakariri River, New Zealand; (c) Ahuriri River, New Zealand; (d) Tagliamento River,
Italy; (e) Tuotuo River, China; (f) middle reach of the Yellow River, China; and (g) Brahamputra
River, Bangladesh.
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The objectives of the present study are the following: (1) review the recent numer-
ical models for braided river simulation and model application fruits in natural rivers;
(2) analyze the recent progress of models and discuss their advantages and shortcomings;
and (3) propose the challenges and future research trends.

2. Braided River Models
2.1. Braided River Model Evolution

Braided river modelling has experienced an advancement from reduced-complexity
approaches to physics-based models [3,28,29]. For the former, cellular model is most
prevalent, which does not include the calculation of water depth, flow velocity or flow
momentum, but routes discharge downstream by allowing water to flow to lower neigh-
boring cells referring to local variations in topography [30]. The cellular model cannot be
applied to study the interactions between flow, sediment and bed deformation [31], and
thus plays poorly in simulating flow routines in natural braided rivers [32]. Other models
were also developed, such as the linear models for investigating the number of migrating
alternate bars, and random walk models for predicting the geometry of braided channel
systems [33,34].

Physics-based models provide more detailed process information for understanding
natural braided rivers due to their better representation of hydraulic and morphodynamic
processes [15]. Physics-based numerical models, ranging from one-dimensional (1D) to
three-dimensional (3D), can near-completely represent the complicated processes in natural
braided rivers. A 1D model cannot adequately simulate the lateral flow necessary for
braiding, whereas a two-dimensional (2D) model can make spatially explicit predictions
of flow depth, velocity and bed shear stress, incorporating the influence of topography in
steering flow and allowing lateral variation in water surface elevation [35–37]. Studies also
show that, a depth-integrated edition of Delft 3D with parameterized spiral motion provides
large-scale bar pattern statistics that are comparable with those of a fully 3D model [38].
Therefore, a 2D physics-based model offers the greatest potential for simulating braided
river morphodynamics at temporal and spatial scales that are of interest to investigations
related to river mechanisms and management [15].

2.2. Model Theories and Solutions

Physics-based models usually simplify morphodynamic problems by decoupling the
processes of flow and sediment transport, typically including predicting flow, predicting
sediment transport and deposition and updating the bathymetric grid [36]. A few models
have reproduced well the details of the braided patterns and evolution processes in real
braided rivers, as summarized in Table 1.

Braided river models are normally two-dimensional (except for SSIIM (3D) in Table 1),
in that they are simpler than three-dimensional, but can produce braided channel patterns
that are comparable with those by a full three-dimensional model [38]. These models often
solve the depth-averaged shallow water form of the Navier–Stokes equations that are based
on the principles of continuity of mass and conservation of momentum, while they can
also consider the secondary flow by introducing a helical flow component. For sediment
transport, the current braided river models often consider suspended load and bed load,
which can be simulated separately or jointly. The governing equation of suspended load
transport is usually presented by a two-dimensional advection–diffusion equation for
solute transport, while the governing equation of bed load is usually described by a two-
dimensional advection equation. The total rate of change in bed elevation is determined by
the source items of the suspended load and bed load.
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Table 1. Summary of typical physics-based numerical models for braided river simulation.

Models Sediment Transport
Equations (qs)

Numerical
Solution

Techniques

Sediment
Composition

Bed Slope and
Gravity (to qs)

Secondary
Flow Researchers

HSTAR

Engelund and Hansen
(1967) [39];

Meyer-Peter and
Müller (1948) [40]

Godunov-type
finite volume
scheme [41]

uniform (for
sand) Ikeda (1981) [42]

included in the
Navier–Stokes

equation
[3]

Individual
model

Ashida and Michiue
(1972) [43]

finite
difference

scheme
uniform

included in qbn
with equation of

van Rijn (1993) [44]

included in
near bed flow
velocity [45]

[18,46]

Delft 3D

Meyer-Peter and
Müller (1948) [40] alternating

direction
implicit (ADI
scheme, cyclic

method of
Stelling and
Leendertse)

uniform
Bagnold

(1966) [47] & Ikeda
(1981) [42]

included in qbn

[48,49]

Meyer-Peter and
Müller (1948) [40] [50]

Engelund and Hansen
(1967) [39];

Meyer-Peter and
Mueller (1948) [40];
van Rijn (1984) [51]

[4,5,10]

Individual
2D advection diffusion
equation [52]; van Rijn

(1993) [44]

ADI scheme,
total

variational
diminishing

(TVD) scheme

non-
uniform

included in qbn
with formula of

van Rijn (1993) [44]

included in
qbn [45] [6,53]

FaSTMECH Parker (1990) [54] ADI scheme uniform none

included in a
streamline-

based vertical
structure
submodel

[55]

SSIIM Engelund and Hansen
(1967) [39]

finite volume
method uniform

included in qbn
with formula of

van Rijn (1993) [44]
included in qbn [16]

GIAMT2D-
veg

Meyer-Peter and
Müller (1948) [40]

finite volume
method uniform none included in qbn [7]

Hydrodynamic modules solve flow dynamics by simplifying the Navier–Stokes equa-
tions and introducing discrete timesteps and grid cells in space and time into the model.
Shallow water equations are often solved using an alternating direction implicit (ADI)
scheme or other explicit schemes such as the cubic-interpolated propagation (CIP) scheme
without time-splitting technique and the total variation diminishing (TVD) MacCormack
scheme [29,56–58]. The ADI scheme works well for slow flow when the Froude number is
much less than unity. Equations of shallow water with the Froude number approaching or
exceeding unity are calculated using either the CIP or the TVD scheme. The TVD scheme is
a shock-capturing scheme, and thus is powerful in describing rapidly varying flows [59–61],
enabling its efficiency in simulating the local fast flow in braided rivers. Advanced grid
generation techniques are key to simulating the evolution of river channels especially near
the bank zone. Numerical models such as Mike and Delft3D apply a mixture of structured
and unstructured grids, such as an orthogonal curvilinear grid [62,63].

Many equations have been proposed for describing the transport of sediment parti-
cles in natural flows, yet few have been applied in existing physics-based braided river
models. As summarized in Table 1, the equations of Meyer-Peter and Müller (1948) and
Engelund and Hansen (1967) are most often adopted, followed by that of van Rijn (1984,
1993) [39,40,44,51]. These models consider both suspended load and bed load, whereas
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uniform sediment particles are usually adopted, indicating the roughness of the models.
Furthermore, no comparisons among these equations have been made with specific case
studies, mainly because sediment transport conditions often significantly differ in individ-
ual river reaches. Scenarios with different equations could help to find suitable conditions
for various equations and might provide ways to enhance the simulation ability of the
existing models.

For bed deformation, many researchers adopted a multiple bed layer method [6,8,64],
whereby the riverbed is divided into several layers, and the deposition and erosion related
to the suspended load and bed load are incorporated into bed morphologic change equa-
tions. The upper active layer is renewed by the erosion and deposition mass, and then the
exchange between the upper and second layer is calculated.

2.3. Essential Effects for Braided Pattern Modelling

Studies found that essential effects are necessary for braided river models to generate
typical braided patterns with phenomena and processes similar to natural rivers. The
effect of secondary flow is considered in several ways (Table 1): (1) included in shallow
water equations with a function of spiral flow intensity [3,38], (2) included in the sediment
transport rate equation by a curvature component [29,58], or (3) combined in the calculation
of dispersion stresses [65]. Secondary flow plays an important role in sediment transport
and bank retraction, which has been evaluated by Yang et al. [6]. Without secondary flow,
a braided river still forms, while it generates fewer but wider channels with a slower
development rate.

The effect of bank erosion in braided river models is often considered by simplified
rule-based parameterizations of the bank erosion process. Normally, it is either calculated
based on the repose slope where bank erosion is parameterized on the excess slope with
respect to a critical value [29,66], or based on the product of transport capacity at the toe and
transverse bank slope [3]. For braided river models, it still lacks a detailed description and
validation of accurate prediction. Models can accurately reproduce observed morphological
changes if bank erosion is correctly predicted [67].

Non-uniform sediment transport is essential in influencing the coarsening and fining
processes in local units, i.e., the transport of each fraction is calculated separately incor-
porating the “hiding” effect between large and small particles, and then the active bed
layer is updated with new composition and elevation [68]. Nicholas proposed that the
inclusion of at least two sediment size fractions is one essential factor for providing the
transformation from single-thread to multi-thread channels [3]. Previous studies have
shown the important role of non-uniform sediments, but few works have considered it.
This could be investigated in future work, especially for Delft3D that contains a sediment
division module [6,8,57,66].

Several models have considered the effect of channel bed slope and sediment gravity
on sediment transport, usually coupled in the sediment transport rate (Table 1). When
the channel slope is gentle, the effect of gravity on sediment transport is usually ignored;
when the riverbed slope is steep, gravity may change the sediment transport capacity and
significantly influence bed deformation [69]. The driven effect of gravity in sediment sorting
and segregation in flows has been analyzed using the most recent theories of granular fluid
mechanics [70].

2.4. Typical Physics-Based Models

A few physics-based models have been developed and produced essential phenom-
ena and processes of natural braided rivers, including (1) Delft 3D [5,10,71] and depth-
integrated Delft 3D [4,49], (2) HSTAR [3,72], (3) FaSTMECH [55] and (4) other 2D morpho-
dynamic models [6,8,18], as summarized in Figure 2. The first five cases focus on idealized
or conceptual braided rivers (Figure 2a–e), whereas the last four demonstrate simulations of
natural rivers based on exact boundary conditions (Figure 2f–i). These models successfully
predicted the typical processes and characteristics in natural braided rivers, such as the
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classical braided pattern, channel bifurcation and closure and bar migration, and showed
their ability in promoting our understanding of the complicated morphodynamic processes
in natural braided rivers [18].

Figure 2. Summary of typical simulated braided rivers with numerical models: (a) a conceptual
simulation of the Waimakariri River, New Zealand [3]; (b) an idealized large sand-bed braided river,
with data from the Brahamputra River, Bangladesh [10]; (c) an idealized large alluvial braided river,
with data from the lower reach of the Yellow River, China [6]; (d) a laboratory river by Egozi and
Ashmore [73]; (e) an idealized large braided river, with data from the physical model study [16];
(f) the Otofuke River, Japan [18]; (g) the Ahuriri River, New Zealand [48]; (h) the upper Yellow River,
China [5]; and (i) the lower Waitaki River, New Zealand [7].
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In the past decade, models have often been applied to simulate idealized scenarios,
to determine their capability to reproduce morphology and dynamics characteristics of
braided rivers and to determine model sensitivity to generally used equations for flow
and sediment transport (Figure 2a–e). Recently, researchers have started to apply those
models to investigate braiding activities under a changing environment based on the
initial boundary conditions of natural rivers, and tried to give predictions and suggestions
for engineering work [18] (Figure 2f–i). Advanced field measurement technologies and
computational techniques will largely promote model application in morphodynamic
process simulation and real scenario prediction in natural rivers.

For braided river simulation, Delft 3D is the most widely used physics-based model,
and it is usually applied in 2D, yet sometimes in 3D. As shown in Table 1, this model
integrates the equations of Meyer-Peter and Müller (1948), Engelund and Hansen (1967)
and van Rijn (1984) [39,40,51]. Although Delft 3D includes non-uniform sediment transport,
it is often applied considering uniform sediment particles. Schuurman determined the
capability of Delft3D in producing the key characteristics of idealized braided sand-bed
rivers, investigated the initiation and evolution of bars and bifurcations in braided networks
and discussed their relationship to channel migration and the dynamic braided pattern [4]
(Figure 2b). These authors recently applied the model to the upper braided reach of the
Yellow River, and found the effects of annual peak discharges on the larger-scale channel
pattern and on the smaller-scale bars [5] (Figure 2h). Delft3D has also been applied to
assess the influence of spatial variations in channel width on bar evolution [50]. Javernick
evaluated the ability of Delft3D in simulating the flow path of a braided reach of the Ahuriri
River in New Zealand [48] (Figure 2g), and assessed its ability in predicting the bed load
transport observed in braided river experiments [49]. Williams et al. (2016a) evaluated
the ability of Delft3D in predicting the location and volume of sediment erosion and
deposition in a braided reach of the Rees River, New Zealand during a flood, and suggested
further improving the realism of bank erosion processes and testing the sensitivity of
the model to the upstream sediment boundary condition [32]. Comparing the results
of Delft3D with field observations, Singh et al. (2017) proposed the essential effects of
sediment heterogeneity on the simulation of long-term morphological evolution in gravel-
bed braided systems [74].

Other physics-based models are also applied to simulate braided river morphodynam-
ics. Jang and Shimizu (2005) incorporated a moving boundary-fitted coordinate system
to simulate a laboratory braided river, and produced similar bar and channel evolution
processes [29]. Nicholas (2013) applied HSTAR to simulate very similar braided patterns
with those of large sand-bed natural rivers, and identified the key elements for a model to
simulate a wide range of river styles [3] (Figure 2a). Iwasaki et al. (2016) applied a 2D model
to simulate the Otofuke River in Japan, and concluded that a cyclical process of meandering
channel development with moderate sinuosity and a subsequent chute cutoff was a funda-
mental morphodynamic process in braided rivers [18] (Figure 2f). Yang et al. (2015; 2017;
2018; 2020) developed a 2D physics-based model that considered non-uniform sediments
for both suspended and bed load transport, and produced morphologic processes and
geomorphic features that compared well with those of real rivers [6,8,9,53] (Figure 2c,d).
Davy et al. (2017) adopted a physics-based precipitant model that directly transferred water
and matter between flow and bed, and reproduced both straight and braided patterns [75].
Olsen (2021) applied a sediment transport model SSIIM to simulate idealized alluvial
channel and explain avulsion processes in large, braided rivers (Figure 2e). Sarker (2022a)
studied the channel migrations in the upper Meghna River using MIKE 21C [11]. Stecca
et al. (2022) devised a hydrograph-splitting technique to solve the morphological model
GIAMT2D-veg, and reproduced the previous vegetation encroachment and morphological
changes in an idealized reach of the lower Waitaki River [7] (Figure 2i).

The key technological advances of braided river models, that are essential in producing
the braiding features and complicated braided processes, can be summarized as follows:
(1) incorporation of the effect of secondary flow; (2) multiple-fractional method, repre-
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senting coarsening and fining effects of graded sediments; (3) treatment of vegetation
simulation that represents active channel conversion to floodplain by vegetation coloniza-
tion [3]; (4) multiple-layer arrangement for vertical sorting process; (5) numerical solution
scheme efficient in describing the trans-critical flow common in natural braided rivers,
e.g., the TVD MacCormack scheme [9], hydrograph-splitting technique for model solution
during floods [7], etc.

3. Challenges and Future Work
3.1. Model Assessment and Accuracy

Models are usually validated before they are applied in specific cases, to assess their
representation for flow, sediment transport and bed deformation. The primary challenge
in evaluating model performance is the availability of natural experiment datasets that
quantify topographic change at a suitable frequency, and quantify bed load transport rates
at model boundaries [15]. In an early stage, braided river models are often assessed based
on field research and laboratory experiments in a qualitative way, sometimes with a few
data from field measurements [29,76].

Braided river models are also validated by comparing their statistical characteristics
with those of real rivers, focusing on channel planform features and morphologic properties,
which can be described by braiding indices, sinuosity indices, total or average width,
average confluence–confluence distance and so on [77]. Braided rivers also show scale-
invariant properties that result from the same underlying mechanical processes inherent
in all braided rivers [78], and can be described by methods of state-space plots, transect
topographic properties and scaling. The calculation of these properties of simulated
braided rivers could test the model representation ability in geomorphic and morphologic
characteristics for natural rivers [4,6], but ignore their ability in simulation details, such as
flow field and sediment transport rate.

Within the last decade, advanced measurement techniques, such as multi-spectral
imaging, aerial and terrestrial LiDAR, terrestrial laser scanning (TLS) and terrestrial pho-
togrammetry, have begun to be applied in field surveys and laboratory experiments [79].
These techniques enable the accurate measurement of channel geometry, flow field, sed-
iment transport and bed elevation, providing abundant datasets with high spatial and
temporal resolutions [19–21]. Recent studies have begun to focus on numerical model
calibration and verification using these techniques. Williams et al. (2016a) identified the
ability of Delft3D in simulating the bed level change by successfully predicting the total
volume of erosion and deposition in the braided Rees River [32]. Dixon et al. (2017) vali-
dated HSTAR by comparing erosional and depositional shapes with those obtained in field
observations [80]. Javernick et al. (2018) demonstrated that Delft3D could provide channel
morphology comparable to that of the braided Ahuriri River using structure-from-motion
photogrammetry [49].

3.2. Advantages and Challenges

Although existing models have produced braided rivers with many phenomena
and properties similar to natural rivers, the development of numerical models of river
morphodynamics is far from being a solved issue. Numerical models require intensive
refinement and validation to enhance their prediction accuracy. The representation of flow
and sediment transport remains to be improved, with empirical equations and parameters
remaining to be tested and validated. Effects essential for bed morphodynamic evolution,
e.g., numerical solution schemes, bank erosion, sediment gradation and vegetation, still
need to be investigated to find more appropriate and accurate descriptions. In addition,
there is a lack of quantitative discussion on essential processes in natural braided rivers,
e.g., braiding mechanisms, morphologic changes, sediment fining and coarsening and
responses to floods.

Even braided river models are based on physics; they have to be solved by simplifica-
tion because Navier–Stokes equations that describe fluid flow cannot be solved analytically.
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Thus, one cannot be certain that a mismatch between model results and observations is not
due to the simplifications and numerical techniques or the initial and boundary conditions
used in the model [81]. Therefore, models are not very useful for simulating the details of a
concrete existing case.

Bank erosion in braided river models remains a challenge, which is often considered
by a simplification of the rule-based parameterizations of the bank erosion process. Depth-
averaged 2D models for braided rivers cannot well-represent the near-bank flow due to the
adoption of depth-averaged flow equations and to the need of relatively large grid-cells
with shapes that often do not follow the bank line properly [14]. Bank erosion is essential
for accurately predicting the frequent channel migrations and river geometry changes in
natural braided rivers, so reliable bank erosion models still need to be embedded into
existing 2D physics-based models, and their accuracy needs to be validated and enhanced.

Sediment gradation plays an essential role in the calculation of sand erosion and
deposition, yet few simulation works consider the size sorting of sediments. Singh et al.
(2017) demonstrated that Delft3D considering uniform sediment transport produced an un-
realistic bed topography in the long-term response of natural gravel-bed braided rivers [74].
The inclusion of at least two sediment size fractions is proposed as one essential factor for
providing a continuous transition of the river channel pattern [3]. The “hiding” effect of
small particles by large particles is widely acknowledged, yet its influence on the evolution
of the braided river pattern is far from fully discussed.

In the past decade, many of the new remote-sensed platforms have allowed accu-
rate spatial data to be collected cheaply and efficiently, and the use of remote sensing in
investigating river environments has experienced a significant increase [79]. However,
many studies are still restricted to confirm the accuracy of remotely sensed data, other than
generate new insights and ideas on fluvial form and function. Satellite images from Google
Earth have been used to study the in-channel avulsion activities in large sand-bed braided
rivers [8,9]. The adequate use of these data will largely promote new insights into braided
river morphodynamics and the advance of numerical models.

3.3. Future Work

Under the great advances of braided river models, the variables essential for braiding
dynamics that were once hidden in empirical coefficients, regarding flow and sedimentation,
bank erosion, bar dynamics and vegetation, can be addressed in future work by refining the
existing models. Consequently, braided river models can increasingly consider effects that
are essential for braiding processes and river pattern evolution in natural braided rivers
and enhance the efficiency of modelling work.

Since sediment transport equations in braided river models contain empirical elements
and play quite differently in distinct rivers [14], it is meaningful to evaluate their perfor-
mance by comparing them in individual natural braided rivers. Scenarios with models
adopting different sediment transport equations could help to test and find their suitable
conditions and might provide ways to enhance the model simulation ability.

Benefiting from the recent advances in measurement techniques—remote sensing,
LiDAR, TLS and UVA—it is easy to obtain abundant data of high quality in natural braided
rivers, including accurate DEM data and real-time monitoring data of flow and sediment.
Consequently, case studies of natural rivers can be conducted with numerical models, and
the following questions can be put forward: (1) How does a natural braided reach evolve
in response to changes in the discharge, sediment load fluctuation, manmade projects and
further global climate change? (2) What are the necessary conditions for transitions in river
patterns to occur in response to these changes?

Braided rivers can be divided into types with high and low braiding intensity. The
influence of flow discharge on braiding intensity was investigated with laboratory ex-
periments [73,77]. However, the planform geometry of natural braided rivers has rarely
been investigated. Remote-sensing images of increasing resolution can be obtained from
satellites, e.g., historical images from Google Earth, or terrestrial images by UVAs. They
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provide opportunities for further understanding of the braiding characteristics in natural
braided rivers.

In addition, despite the excellent ability of braided river models in comparing scenarios
with different boundary conditions, they are far from widely used in river management [5].
These models have great potential in promoting the understanding necessary for creating
more diverse and reliable management schemes in large braided rivers, and can provide
useful predictions and suggestions for managing complex river engineering problems, such
as flood control facilities and the reconstruction of riparian ecosystems [17].

4. Conclusions

Numerical models are very useful tools for exploring complicated physics laws and
managing the complex engineering problems in natural braided rivers. Despite the great
progress made in the last decade, these models still require intensive refinement and
validation, and consequent application in natural braided reaches with boundary details.
Extensive studies should be conducted to find more efficient numerical solution schemes
and suitable application conditions for various sediment transport equations that contain
many empirical elements. The effects essential for braided pattern evolution, e.g., bank
erosion, non-uniform sediment and vegetation, can be tested and evaluated to identify
the key ingredients necessary for efficient and accurate computations. The advanced field
measurement techniques can easily provide abundant high-quality data. These data enable
simulation research with accurate DEM data and fully detailed boundaries, and will largely
promote the development of numerical models and enrich the morphodynamic theories of
braided rivers.
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