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Alluvial river self-adjustment describes the mechanism whereby a river that was originally in an
equilibrium state of sediment transport encounters some disturbance that destroys the balance and results
in responses such as riverbed deformation. A systematic study of historical and recent aerial photographs
and topographic maps in the Middle and Lower Reaches of the Yangtze River (MLYR) shows that
river self-adjustment has the distinguishing feature of transferring from upstream to downstream, which
may aﬀect ﬂood safety, waterway morphology, bank stability, and aquatic environmental safety over
relatively long reaches downstream. As a result, it is necessary to take measures to control or block this
transfer. Using the relationship of the occurrence time of channel adjustments between the upstream and
downstream, 34 single-thread river reaches in the MLYR were classiﬁed into four types: corresponding,
basically corresponding, basically not corresponding, not corresponding. The latter two types, because
of their ability to prevent upstream channel adjustment from transferring downstream, are called barrier
river reaches in this study. Statistics indicate that barrier river reaches are generally single thread
and slightly curved, with a narrow and deep cross-sectional morphology, and without ﬂow deﬂecting
nodes in the upper and middle parts of reaches. Moreover, in the MLYR, barrier river reaches have a
hydrogeometric coeﬃcient of <4, a gradient >1.2‱, a silty clay content of the concave bank >9.5%,
and a median diameter of the bed sediment >0.158 mm. The barrier river reach mechanism lies in that
can eﬀectively centralise the planimetric position of the main stream from diﬀerent upstream directions,
meaning that no matter how the upper channel adjusts, the main stream shows little change, providing
relatively stable inﬂow conditions for the lower reaches. Regarding river regulation, it is necessary to
optimise the beneﬁts of barrier river reaches; long river reaches without barrier properties should be
systematically planned and regulated; drastic bank collapse and sandbar shrinking should be urgently
controlled to prevent the loss of barrier eﬀects.
Keywords. Barrier river reaches; channel adjustment; downstream transfer; main stream migration;
Yangtze River.

Supplementary material pertaining to this article is available on the Journal of Earth System Science website (http://www.
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1. Introduction

higher sensitivities by evaluating ‘freedom space to
move’ or ‘capacity for adjustment’. In fact, connectivity within landscape compartments could aﬀect
the operation of sediment cascades and determine
how geomorphic instability deals with artiﬁcial disturbances. The connectivity shapes the direction
and rate of geomorphic change, with lagging or
propagating responses (Goodbred and Kuehl 1998;
Sidorchuk 2003). Fryirs et al. (2007) introduced the
concept of landform impediments termed buﬀers,
barriers, and blankets, which impede sediment
transport by destroying connectivity. Therefore,
barriers inhibit sediment movement along channels
and disrupt longitudinal linkages. These studies
enrich our theoretical knowledge of how river channels adjust in order to cope with artiﬁcial stimuli.
However, whether there is blocking phenomena
in the propagation process of the natural stimuli
inside the river remains unknown. Previous ﬂuvial
geomorphology studies have found that upstream
channel adjustment tends to transfer downstream
(Ramos and Gracia 2012), and could lead to downstream riverbed deformation, such as the main
stream migration, translocation of the main and
secondary branches, scouring and silting of the
point bar and central bar, and substantial riparian
collapse (Jun et al. 2012; Zhang et al. 2015; Reid
and Brierley 2015; Mossa 2016). In other words, the
downstream river regime always corresponds to the
specially appointed upstream river regime, thus the
river interior adjustment will trigger a chain reaction over quite a long river reaches downstream. As
mentioned above, Fryirs et al. (2007) diﬀerentiated
the sensitivity of diﬀerent river patterns in dealing
with an artiﬁcial disturbance, and proposed several
diﬀerent landform impediments that obstruct geomorphic connectivity. In this sense, there may also
be river processes capable of dealing with natural
interferences. These could lessen or prevent channel adjustment from propagating downstream by
way of limiting the planimetric migration of the
main stream, just as landform impediments attenuate sediment cascades, thereby preventing the
upstream natural interference from triggering the
downstream profound and lasting channel adjustment.
For example, the upper reach of the Quelite
River in Mexico was a single-thread meandering river in 1986, whose thalweg experienced a
chute cutoﬀ during 1986–2003, whereby the curvature gradually decreased and the reach became
a braided river accompanied by main channel avulsion in 2007. However, the lower reach ﬂowed

Alluvial rivers are characterised by water and
sediment transport channels that undergo constant
change. River self-adjustment describes a ﬂuvial
process of riverbed deformation in response to sediment transport equilibrium failure caused by an
artiﬁcial disturbance (Ramos and Gracia 2012).
The reasons for river regime adjustment include
both artiﬁcial and natural stimuli. Artiﬁcial stimuli mainly include road or bridge construction
(Armaş et al. 2012), dam building, sand mining
(Henshaw et al. 2013), dredging, and canalisation
(Hajdukiewicz et al. 2016). Natural stimuli include
storm ﬂooding and riparian vegetation change
(Ramos and Gracia 2012), channel avulsion
(Cserkész-Nagy et al. 2010; Kiss et al. 2011),
bedrock uplift caused by tectonic movement (Roy
and Sahu 2015), river diversion caused by volcaniclastic sediments (Umazano et al. 2014), etc.
Implementation of measures to stabilise the river
regime has always been the focus of river regulation and management (Greenwood et al. 2016).
An in-depth understanding of channel adjustment forms the basis for achieving the desired river
regulation results (David et al. 2016). Recently, due
to the inﬂuence of human activities like dam building, sand mining, and canalisation, many rivers in
Europe and North America have shown an evolution towards narrowing, downcutting, tributary
blocking, and main branch strengthening (Surian
and Rinaldi 2003; Korpak 2007; Hudson et al. 2008;
Armaş et al. 2012). By recognising the reasons
for channel adjustment, scientists have proposed
targeted remediation methods, implemented worldwide river restoration measures (Huang and Dong
1999; Duan et al. 2009; Remo et al. 2009; Chen
and Ho 2013; Doulatyari et al. 2014; Karambas and
Samaras 2014; Williams et al. 2014; Hajdukiewicz
et al. 2016), and accumulated valuable experience
in maintaining river stability and restoring the
aquatic ecological environment.
River channels diﬀer in their abilities to cope
with artiﬁcial stimuli. Downs and Gregory (1993)
described geomorphic river sensitivity as a measure
of how sensitively a channel responds to artiﬁcial
disturbances. Brierley and Fryirs (2005) proposed
that sensitive reaches were subject to high rates
of adjustment in response to stimuli; in contrast,
resilient reaches inhibited change by absorbing
excess energy and minimising the extent of adjustment in response to stimuli. Reid and Brierley
(2015) divided reaches into low, medium, and
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through the old river and formed a braided river in
1996–1999, before becoming a single-thread river
in 2003 (Ramos and Gracia 2012). Another example is the Ahr River in Italy. The Mühlen reach in
the upstream achieved its maximum river width in
1950, was still multi-thread in 1970, then narrowed
to a single-thread river in 1980. Conversely, the
Gais reach downstream was a single-thread river
in 1940, whose width increased continuously in the
1970s until achieving its maximum by 2011 (Campana et al. 2014). Evidently, the time of occurrence
of the channel adjustment between the upstream
and downstream was not synchronous in the above
examples; maybe the middle reaches played roles
of blocking the river regime adjustment propagation. Ordinarily, a multi-thread channel is more
sensitive than a single-thread channel. This means
that the former is less likely to avoid river regime
transfer, but the latter can remain stable because
of its single-thread and microbending morphology,
with less lateral migration of the main channel due
to a narrow and deep cross-section and low channel mobility (David et al. 2016). However, none of
these studies proposed the concept of a barrier river
reach.
In this study, based on an in-depth understanding of river evolution features and the regularity
of channel adjustment in the Middle and Lower
Reaches of the Yangtze River (MLYR), the relationships between the occurrence time of upstream
and downstream river regime adjustment were
established, and the barrier properties of the singlethread reaches in the MLYR were classiﬁed accordingly. Twelve river reaches were deﬁned as ‘barrier
river reaches’, which prevent river regime adjustment in the upper reaches from transferring to
the lower reaches. The planar, cross-sectional, longitudinal, and geological characteristics of barrier
river reaches were also studied and their application in river regime regulation was explored. These
ﬁndings may serve as a reference for the river
restoration and management in the future.
According to recent aerial photographs and
topographic maps, the planar morphologies, the
curvature radius of the bend, and the node distribution can be analysed. The hydrogeometric
coeﬃcient under diﬀerent ﬂow levels can be calculated on the basis of the typical cross-sectional
topography data that is extracted from the Digital Elevation Model of the National Aeronautics
and Space Administration (NASA). The channel
longitudinal gradient, the diﬀerence of thalweg elevation between inlet and outlet which is divided
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by the river segment length, not only reﬂects the
magnitude of the ﬂow potential energy, but also
intuitively reﬂects the channel longitudinal proﬁle,
determines and replaces the water surface longitudinal gradient. According to the geotechnical
investigation data of the riverbank in the MLYR
accumulated by the Hubei Provincial Water
Resources Hydropower Planning Survey and Design
Institute, the material composition and physical
performance of the concave bank can be summarised within a depth range of 30 m from the
top of the river bank. The percentage of silty clay
content accounting for the total bank is calculated
by obtaining the average of the silty clay content
for each soil layer weighted by its thickness. The
median diameter of bed sediment is provided by the
Hydrology Bureau of Changjiang Water Resources
Commission (ﬁgure 6).

2. Study area
Yangtze River is the longest river in China, with a
total length of more than 6300 km. The reach from
Yichang to the estuary is considered as the MLYR,
with a length of 1893 km. Among them, Yichang–
Datong is a runoﬀ reach and the downstream reach
from Datong is a tidal reach. Zhicheng–Chenglingji
is generally called the Jingjiang River, which is
distinguished into the upper and lower Jingjiang
River by the dividing point of Ouchikou. There
are three distributary openings, Songzikou, Taipingkou, and Ouchikou at the south bank of the
Jingjiang Reach, diverting water from the trunk
stream to the Dongting Lake, where the water body
rejoins the Yangtze River at Chenglingji. There
are primary tributaries such as Hanjiang River,
which joins at Wuhan Reach, and Poyang Lake,
which joins at Jiujiang Reach (Fang et al. 2012;
Lai et al. 2014). The main river patterns in the
MLYR include single-thread straight rivers, singlethread meandering rivers, and braided rivers (Chen
et al. 2012; Song et al. 2016). Channel adjustments
come in many forms (Bawa et al. 2014): chute cutoﬀ, large-scale riparian collapse, translocation of
the main and secondary branches, and curve cutoﬀ, whose common characteristic is the substantial
planimetric migration of the thalweg, accompanied
by erosion and deposition of the point bar and central bar.
River regime adjustment in the MLYR is characterised by transferring from upstream to downstream, which is also one of the main inﬂuencing
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factors on riverbed evolution. The Jingjiang Reach
is famous for ‘If one bend changes, every bend
changes’ (Chen et al. 2012). Because the transfer eﬀect in the MLYR usually lasts for years or
even decades and often involves multiple reaches,
it is both temporally and spatially large-scale.
As the sandy riverbed has high mobility and is
easily aﬀected by upstream river regime changes
(Wang et al. 2007; Dai and Liu 2013), we use 34
single-thread reaches with sandy riverbeds from
Shashi to Datong as study areas (ﬁgure 1). Aerial
photographs come from Landsat satellite digital
products that are available for free from the US
Geological Survey (USGS).

3. The barrier reach phenomenon
Systematic analysis of the large-scale temporal
and spatial evolution of the MLYR shows that,
in places where barrier river reaches are present,
the upstream channel adjustments may not propagate to downstream. The Tiaoguan Reach, the
Tashiyi Reach, the Longkou Reach, and the Huangshi Reach are taken as examples to illustrate this
phenomenon.
As shown in ﬁgure 2, the Longkou Reach
connects upstream with the Luxikou Reach, and
downstream with the Jiayu Reach, which are both
braided rivers. Based on ﬁgure 2, the interannual
periodic evolution regularity of Luxikou Reach can
be described as follows: low shoals at the head of
middle sandbar were cut and a new middle channel
was generated → new middle channel developed
and moved downstream → new middle channel
combined with old channels → middle channel
continued bending and moved downstream → new
middle channel regenerated and developed. There
have been ﬁve evolution cycles since the 1930s:
1935–1957; 1958–1970; 1971–1982; 1983–2005; and
2006–present. At the beginning of a cycle, the
main stream line located at the new middle channel, like 1958, 1973, 1984, 2006; but in the later
period of a cycle, the main stream line located
at the circle channel or old middle channel, like
1935, 1967, 1982, 2000. Jiayu Reach also displayed
interannual periodic evolution. In each cycle, the
Wangjiazhou point bar was deposited and eroded,
before moving downstream and ultimately joining
with the Huxianzhou, and the left branch transformed from a single-groove to a double-groove and
then to a single-groove again. Since the early 1920s,
Jiayu Reach has experienced two evolution cycles:
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1933–1980 and 1981–present. The main stream was
located in the east channel in 1984, in the double
channel in 1995, and in the middle channel in 2006.
Comparison of the interannual evolution of Jiayu
Reach and Luxikou Reach shows that, even though
both evolutions were periodic, they had diﬀerent
numbers of cycles. Luxikou Reach experienced ﬁve
evolution cycles since the 1930s, while Jiayu Reach
experienced only two. Longkou Reach prevented
the transfer of channel adjustment from Luxikou
Reach to Jiayu Reach. Moreover, according to
ﬁgure 2, the downstream river regime of Longkou
Reach remained unchanged regardless of the evolution cycle stage of Luxikou Reach. This meant
that the adjustment of Luxikou Reach was not
transferred downstream and that Longkou Reach
assumed the role of a barrier.
As shown in ﬁgure 3, the Hekou Reach is connected downstream to, in order, Tiaoguan Reach,
Laijiapu Reach, Tashiyi Reach and Jianli Reach.
Hekou Reach and Laijiapu Reach formed by the
natural cut-oﬀ of Shatanzi in 1972 and the artiﬁcial cut-oﬀ of Zhongzhouzi in 1967, respectively.
After the Shatanzi cut-oﬀ, the channel downstream
from the outlet of the diversion canal evolved
from west-convex to east-convex, with a long river
bank collapse upstream from Tiaoguan; yet this
phenomenon did not cause channel deformation
downstream from Tiaoguan. Furthermore, after
the Zhongzhouzi cut-oﬀ, the riverbank downstream
from the diversion canal outlet rapidly retreated
1.5 km, with the channel migration too, but Tashiyi
Reach downstream showed no signiﬁcant deformation. Jianli Reach which is a braided river displayed
the following interannual periodic evolution regularity: the direct branch formed and developed
→ the thalweg moved left, and the ﬂow path
meandered and lengthened → the direct branch
deteriorated → the direct branch regenerated”.
Since the 1930s, the river has experienced three
evolution cycles: 1931–1970, 1971–1989, and 1989–
present, mainly inﬂuenced by the fact that the head
of Wuguizhou was prone to be cut, and the concave
bank was prone to collapse (Li et al. 2007). In the
later period of a cycle, such as 1965 and 1981, the
main stream line located at the circle channel. As
long as the channel perimeter conditions remained
unchanged, the cyclical translocation between the
main and secondary channel continued. The evolution cycle of Jianli Reach was not synchronised to
the time of the Zhongzhouzi cut-oﬀ, owing to the
blocking eﬀect of Tashiyi Reach. Moreover, the two
cut-oﬀs occurred only in the 1960s–1970s, during
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Figure 1. Sketch map of the Shashi–Datong Reach in the MLYR of China.
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Figure 2. Channel adjustment of Luxikou–Jiayu Reach.

Figure 3. Channel adjustment of Hekou–Jianli Reach.

which time the riverbed morphologies of Tiaoguan
Reach and Tashiyi Reach remained stable, indicating that the channel adjustment caused by the
cut-oﬀ did not aﬀect the lower reaches because

Tiaoguan Reach and Tashiyi Reach had a barrier
eﬀect.
As shown in ﬁgure 4, the Huangshi Reach connects upstream with the Daijiazhou Reach, which is
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Figure 4. Channel adjustment of Daijiazhou–Guniusha Reach.

a braided river, and downstream with the Guniusha
Reach. Daijiazhou Reach showed a tendency for
alternating translocation between the circular and
direct branches: the circle and direct channels were
at a stalemate in 1958–1965; the direct channel was
the main branch in 1966–2001; and the two channels were at a stalemate again in 2002–present. Over
the same period, the main stream line of Huangshi Reach consistently inclined to the right bank,
encountering the deﬂecting ﬂow of the Xisaishan
node, and then inclined to the left bank of Guniusha
Reach. With the Guniusha point bar constantly
scouring and retreating, even being cut into a central bar, the main stream line of Guniusha Reach was
gradually displaced from the left bank to the rivercentre. Comparison of the evolution of Daijiazhou
Reach and Guniusha Reach showed that the main
stream of Daijiazhou Reach experienced alternating
translocation whereas Guniusha Reach continuously
migrated to the west. The occurrence time of evolution of upstream and downstream reaches was not
synchronous, indicating that Huangshi Reach in the
midstream, with a long-term stable channel, prevented the channel adjustment of Daijiazhou Reach
from transferring downstream, exerting a barrier
eﬀect.
There are many similar phenomena in the MLYR
as the above examples. After the upstream river

regime adjusts, the downstream reach may weaken
or eliminate the upstream inﬂuence, may also magnify the upstream inﬂuence. In order to make
clear what the downstream reach would do, the
corresponding relationship between the upstream
and downstream river regime adjustment should
be systemically summarized. If the upstream and
downstream river regime adjustment corresponds
very well, their channel adjustment occurrence
time are synchronous, the numbers of the adjustment cycles, even the adjustment forms are all the
same, then the midstream river reach obviously
has no barrier properties. On the contrary, the
river reach may have barrier properties. Thus this
research analyzes the relationship of upstream and
downstream channel adjustment phenomena from
the above three aspects, as shown in supplementary
table S1. According to table S1, the corresponding degree between the upstream and downstream
adjustments of 34 single-thread reaches in the
MLYR can be divided into four types: corresponding, basically corresponding, basically not
corresponding, not corresponding, where, ‘basically not corresponding’ and ‘not corresponding’
reaches are listed as barrier river reaches, shown
as in ﬁgure 5. And the above four categories separately accounted for 29.63%, 37.04%, 11.11% and
22.22%.
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Figure 5. Classiﬁcation of the barrier feature.

4. Characteristics
4.1 Planar and cross-sectional characteristics
The single thread straight river, because of its
wider cross-section and weaker circulation eﬀect, is
diﬃcult to constrain the change of the inﬂow direction caused by the upstream channel adjustment,
with the periodic evolution of staggered point bars,
causing the main stream line (hydrodynamic axis
line, means the connection line of maximum vertical averaged ﬂow velocity) to migrate drastically.
The channel having greater river width, frequently
with broad ﬂood plain, provides plenty migration
room for the hydrodynamic axis line, when the
water ﬂows over the ﬂood plain and the hydrogeo√
metric coeﬃcient (usually expressed as ς = B/h)
suddenly increases. At this same time, if upstream
channel adjusts, it is bound to cause the migration of the hydrodynamic axis and the downstream
transfer of the channel adjustment.
Further research shows that, the exposed bedrock
with strong anti-scourability protruding from the
bank, similar to a spur dike and hereafter called a
node, has a ﬂow deﬂection eﬀect, and clearly diﬀers
from the smooth bedrock that can restrict hydrodynamic axis migration (Bravard 2010; Bawa et al.
2014). The node decreases the river width, increasing the local ﬂow velocity and leading to diﬀerent
scales of water vortexes, and promoting the formation of a local scour hole (Euler and Herget
2012). When the node is distributed in upper or
middle part of the river reach, the continuities of
the planar and cross-sectional morphologies of the
channel are destroyed abruptly, causing the sudden
migration of the hydrodynamic axis line. Especially
after the upstream channel adjusts, the inﬂow angle
changes, and the proximity degree of the hydrodynamic axis with the node also varies, the intensity
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of the node deﬂecting ﬂow changes, resulting in
that the direction of the outﬂow hydrodynamic axis
changes greatly (ﬁgure 7).
Therefore, a barrier reach, compared to a straight,
wide, and shallow non-barrier reach, usually has a
smaller curvature radius of the curve and a smaller
hydrogeometric coeﬃcient, and has no node in the
upper and middle reach, helping to prevent the
hydrodynamic axis from migrating, thereby promoting the formation of a barrier reach. The planar
and cross-sectional features of each single-thread
reach in the MLYR are as follows:
In the 12 single-thread reaches of the Jingjiang
River, which is famous for a winding and tortuous river course, Reach 10 is the only straight
reach with a large R∗ , and therefore is not able
to constrain movement of the hydrodynamic axis
and has no barrier properties. In the remaining
11 reaches with slightly bent planar morphologies,
ζ values of Reaches 1, 2, 4, 5, 6, 7, 9, 11, and
12, whose cross-sectional conﬁgurations are narrow and deep, are all <4 and are therefore capable
of restricting hydrodynamic axis migration. But
ζ values of Reaches 3 and 8, whose wide and
shallow cross-sectional conﬁgurations allow more
migrations of the hydrodynamic axes, are >4. On
the planar-view of the Jingjiang River, Node 4 is
located in the middle of the right bank of Reach
2, which may change the ﬂow direction and cause
frequent movement of the hydrodynamic axis, having no barrier properties. Conversely, Node 1 and
Node 5 are located at the outlets of Reach 1 and
Reach 7, respectively, favouring convergence rather
than divergence of the upstream ﬂow, due to both
having barrier properties.
In the seven single-thread reaches of the
Chenglingji-Hankou River, Reaches 13, 18, and
19 are straight reaches with larger R∗ , therefore
lack of barrier properties means it is diﬃcult for
them to maintain stable hydrodynamic axes. In
the remaining four reaches with slightly bent planar morphologies, ζ values of Reaches 15, 16,
and 17, whose cross-sectional conﬁgurations are
narrow and deep and beneﬁcial for constraining
hydrodynamic axes migrate are all <4. But the
ζ value of Reach 14, whose wide and shallow
cross-section indicates a lack of barrier properties is >4. Meanwhile, Node 9, Node 12, and
Node 13 are located in the upper or middle part
of Reach 14, Reach 18, and Reach 19, respectively, meaning that hydrodynamic axis is prone to
migrate. Conversely, Node 11, located at the outlet of Reach 15, would not lead to migration of the
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Figure 6. Cross-sectional conﬁguration of the single-thread reach in the MLYR. Given that the narrow and deep cross-section
morphology must maintain a long enough distance in order to concentrate the incoming ﬂow from diﬀerent directions, the
standard deviation (referred as SD) with an mathematical expectation (4) of each cross-section at diﬀerent water levels were
calculated to illustrate the degree of dispersion of hydrogeometric coeﬃcient. From ﬁgure 6, we can see the river reaches
plotted in the upper half part with SD >15 were non-barrier reaches, such as Nianziwan Reach; the reaches plotted in
the lower half part with SD < 15 were barrier reaches, such as Douhudi Reach. And the maximal continuous length of
hydrogeometric coeﬃcient <4 is 3020 m, the minimum continuous length of hydrogeometric coeﬃcient <4 in barrier river
reaches is 3256 m, thus 3200 m could be preliminarily considered as minimum continuous length to restrict the migration of
main stream line eﬀectively.
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hydrodynamic axis of this reach as it has barrier
properties.
In the seven single-thread reaches of HankouHukou River, Reach 22 is a straight reach with
no barrier properties. In the remaining six reaches
with slightly bent planar morphologies, the ζ values
of Reach 20, 21, 23, 25, and 27, whose cross-sections
are narrow and deep, thus being beneﬁcial for
restricting hydrodynamic axis movement, are <4.
The ζ value of Reach 26, with a wide and shallow cross-sectional conﬁguration, is >4, indicating
a lack of barrier properties. Node 14 and 15 are
located in the upper or middle part of Reach 20 and
21, respectively. The node deﬂects ﬂow and results
in an unstable hydrodynamic axis, indicating no
barrier properties. Conversely, Node 19, located at
the outlet of Reach 23, favours convergence rather
than divergence of the upstream ﬂow, as a result
of having barrier properties.
In the seven single-thread reaches of HukouDatong River, Reach 34 is a straight reach without
barrier properties. In the remaining six reaches
with slightly bent planar morphologies, the ζ values
of Reach 28, 29, 30, 31, and 32, whose crosssectional conﬁgurations are narrow, deep and beneﬁcial for constraining hydrodynamic axis migrate,
are all <4. But the ζ value of Reach 33 is >4, and
it has no barrier properties. Node 28 and 29 are
located in the middle of the right bank of Reach
30 and 31, respectively, and do not have barrier
properties, whereas Node 27 and 30, located at the
outlet of Reach 28 and 32, respectively, have barrier properties.

4.2 Longitudinal profile characteristics
According to the longitudinal gradient calculated
for each reach from the measured topography data
in the MLYR, by removing straight, wide, and
shallow reaches, out of the remaining 17 reaches
without nodes in the upper and middle part of the
reach, like Reaches 1, 4, 5, 6, 7, 9, 11, 12, 15, 16,
17, 23, 25, 27, 28, 29, and 32, only the longitudinal
gradients of Reaches 12, 17, and 27 are <1.2‱. As
shown by the analysis above, a barrier reach usually has a greater longitudinal gradient, a suﬃcient
driving force of water ﬂow to prevent sedimentation, and a strong sediment carrying capacity, all
of which make it beneﬁcial for convergence, rather
than divergence, of the hydrodynamic axis. Thus,
a steep gradient is another characteristic of barrier
river reaches.
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As shown in ﬁgure 8, when the longitudinal
gradient is positive, the longitudinal proﬁle in
the MLYR is basically consistent with the gradient. There are two main morphological forms
prompting a steeper gradient: reaches with deeper
scour holes at the outlet caused by nodes, such as
Reaches 1, 7, 15, and 23, and reaches with lower
thalweg points in the downstream of the concave
bank because of the circulation eﬀect of the bend,
such as Reaches 5, 11, and 16. On the contrary,
when erosion is located at the inlet of the reach,
the gradient is usually small, such as for Reaches
8, 22, and 26. In addition, when the reach outlet is a
conﬂuence of tributaries, the gradient J is typically
small because of the backwater jacking eﬀect, such
as the conﬂuence of Dongting Lake and Poyang
Lake leading to the lower slopes of Reaches 12 and
27. Continuous curves also have smaller J due to
the backwater jacking eﬀect.
4.3 Geological characteristics
The riverbank and riverbed constitute the channel
perimeter conditions, whose geological compositions and anti-scourability characteristics directly
determine whether the river deformation is inclined
to be narrow and deep, or wide and shallow, therefore, they play important roles on constraining
movement of the hydrodynamic axis (Fotherby
2009; Habersack et al. 2016). Only when the
erosional resistance of the bank is strong can
it maintain a narrow and deep cross-section (El
Kadi Abderrezzak et al. 2014; Bandyopadhyay
et al. 2014; Langendoen et al. 2015). Julian and
Torres (2006) considered the erosional resistance
to be proportional to the silty clay content. As
mentioned above, a barrier reach usually has
greater riverbank anti-scourability. In addition,
the accumulated bank protection volume is, on
average, 119.0 m3 /m in barrier reaches, but only
84.6 m3 /m in non-barrier reaches, illustrating that
even though some barrier reaches have relatively
weaker riverbank compositions, their revetment
volumes are greater, ensuring stronger erosion
resistance. On the contrary, non-barrier reaches
with poor riverbank erosion resistance cannot easily maintain stability nor eﬀectively restrict the
migration of ﬂow dynamic axis.
Statistics show that, when the riverbed
material is thinner, the bed mobility will be lower,
facilitating the migration of hydrodynamic axis. As
shown in ﬁgure 9, the median diameter of bed sediment is averagely 0.185 mm in barrier reaches, but
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Figure 7. Diagram of mechanism of the node deﬂecting ﬂow. Refer to the boundary layer theory, the induced velocities of
vortices departing from the vortex center (the leading edge of node) can be deduced, then the cross-sectional ﬂow velocity
distributions before and after the node deﬂecting ﬂow can be plotted in this diagram. With the ﬂow rate increases, the
maximal circumﬂuence ﬂow velocity Vθ1max and the vortex-induced ﬂow velocity U increase, the synthetic ﬂow velocity Vθ1
increases too, although the nodal length relative to the river width slightly reduces, the relative inﬂuence length of the node
and the nodal deﬂecting ﬂow strength enhance.
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Figure 8. Longitudinal proﬁle of the MLYR and longitudinal gradients of single-thread reaches.

Figure 9. Riverbank silty clay content and riverbed median diameter for the single-thread reaches.
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just 0.165 mm in non-barrier reaches. This is resulting that barrier river reaches with coarser riverbed
compositions have a greater bed resistance, whose
riverbed morphology is more diﬃcult to change,
thus impeding hydrodynamic axis migration and
channel adjustment, and maintaining a stable river
regime. Consequently, out of the remaining 14
reaches with a slightly curved, narrow, and deep
morphology, steep riverbed slopes, without ﬂow
deﬂecting node, only Reach 4 and 6, whose concave banks were sedimented during the period of
the Lower Jingjiang River cut-oﬀ, have a silty clay
content of the riverbank >9.5%, and only Reach
4 has a median diameter of bed sediment <0.158
mm, indicating that the characteristics of strong
erosion resistance of the riverbank and riverbed are
also essential features of barrier river reaches.
4.4 Summary
According to the above analysis, in 34 single-thread
reaches of the MLYR, Reaches 10, 13, 18, 19, 22,
and 34 with straight planar morphology have no
barrier properties. In addition, Reaches 3, 8, 14,
25, 27, and 34 of hydrogeometric coeﬃcients >4,
have no barrier properties. Reaches 2, 20, 21, 31,
32 with nodes in the upper and middle portion
of the reach exhibit a deﬂecting ﬂow eﬀect, and
Reaches 12, 17, and 28 have longitudinal gradients
<1.2‱. Finally Reaches 4, and 6 with bank silty
clay content lower than 9.5% or median diameters
of bed sediment lower than 0.158 mm, have no barrier properties, as shown in ﬁgure 10.
Thus the function of barrier reaches is to weaken
the migration amplitude of the hydrodynamic axis
and centre its planimetric position after upstream
channel adjustment. No matter how the upstream
river regime adjusts, the original positions of the
hydrodynamic axis will remain unchanged, thereby
providing relatively stable inﬂow conditions for the
lower reaches and preventing the downstream progatation of the channel adjustment.
Using the software of Mike 21 (2D water ﬂow
numerical model), the ﬂow ﬁelds under diﬀerent
river regimes in the Jianli-Damazhou Reach and
the Daijiazhou-Huangshi Reach were calculated,
and the typical cross-sectional topography and corresponding transverse velocity distribution were
extracted, as shown in ﬁgure 11. Evidently, Jianli
and Daijiazhou are both braided rivers, where the
ﬂow velocity distributions are clearly diverse under
diﬀerent terrain and ﬂow conditions, and translocations between the main and second branches
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often occur. Reach 8 having no barrier properties is
located downstream of Jianli Reach, whose planimetric position of the hydrodynamic axis shows
apparent migration, indicating that river adjustment of Jianli Reach impacted on the river adjustment of Reach 8. In contrast, Reach 23, located
downstream of Daijiazhou Reach, a reach with barrier properties, does not appear the migration of
the planimetric position of its hydrodynamic axis,
even when the Daijiazhou channel adjusts drastically. Thus, it exerts no obvious eﬀects on the
evolution of its downstream reaches.

5. Discussion
5.1 Planar characteristics that impede barrier
properties
The planar and cross-sectional morphology differs signiﬁcantly for diﬀerent river patterns. For
the single-thread straight river, a small upstream
perturbation would cause the separation of the
hydrodynamic axis, then collapse of the concave
bank with weaker anti-scourability, and the generation and gradual expansion of the scrolled bar
of the opposite bank (Ghinassi et al. 2016). Until
the convex point bar stabilises, the main channel
matures, eventually forming a curve by the erosion
and deposition of the riverbank (Song et al. 2016),
indicating that it is diﬃcult for a straight river to
maintain long-term stability of the hydrodynamic
axis, and only a slightly curved river with barrier
properties is suitable for stabilising the hydrodynamic axis.
Reid and Brierley (2015) considered that a
braided river with no constraints on either bank is
the most sensitive. A braided river has two or more
anabranched channels, and the hydrodynamic axis
may alternate between diﬀerent branches or migrate
within one branch. An et al. (2013) discovered
that the central bar narrowed the eﬀective river
width and resulted in a non-uniform ﬂow
velocity distribution. Furthermore, the resistance
contrast relationship for each branch changed
constantly, prompting translocation between
diﬀerent branches. This phenomenon is not uncommon (Huang et al. 2014; Clerici et al. 2015; Shi
et al. 2007; Gao et al. 2013). Even in the branch
interior, Sun et al. (2015) found that a relatively
concentrated ﬂow has a strong scouring force on
the riverbank, leading to the lateral migration of
the main stream and the scouring and silting-up of
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Figure 10. Barrier feature classiﬁcation of 34 single thread reaches.

the sandbar. For the wandering river pattern, such
as the Yellow River in China, the maximum channel migration rate was as high as 5 km/yr (Wang
et al. 2007). These types of multi-thread channels
are unable to prevent long-term migration of the
hydrodynamic axis, and therefore have no barrier
properties.
5.2 Cross-sectional characteristics that impede
barrier properties
River width is a key parameter inﬂuencing river
evolution. A slight increase in channel width is
likely to cause main stream movement, further
broadening the river channel (An et al. 2013).
With the ζ increase, the ﬂow velocity decreases,
the sediment carrying capacity weakens, and the
possibility for movement of the hydrodynamic
axis is enhanced, thus channel stability is significantly weakened (Kidová et al. 2016; Sun et al.
2015; Mossa 2016). For instance, in the lower
Tongariro River in New Zealand, the upstream
curve is limited by terraces on both sides and
has a relatively stable river width; however, the
main channel has an unrestricted ﬂoodplain downstream and often migrates (Reid and Brierley
2015).
There are many kinds of nodes in MLYR, including rock protruding from the riverbank, cement
tsui, sedimentary clay layers, etc., The function
mechanism of node ﬂow deﬂection is similar to the
spur dike (Euler and Herget 2012; Zhang et al.
2012). A node at the tail part of the reach could
concentrate the incoming ﬂow from diﬀerent directions, and provide steady inﬂow conditions for the

lower reaches; but nodes in the upper and middle
parts of the reaches could cause divergence of the
incoming ﬂow directions and magnify ﬂow deﬂection intensity by changing its proximity degree with
the node after the upstream river has adjusted. If
reasonable engineering measures are taken to eliminate the node ﬂow deﬂection eﬀect, some reaches
may have barrier eﬀect and would be beneﬁcial to
the long-term stability of the downstream river.
Therefore, river regime control projects should
strive to form smooth-going river curves through
cutting of protruding nodes.
5.3 Longitudinal profile or geological
characteristics that impede barrier properties
Water ﬂow power is proportional to the riverbed
longitudinal gradient (Lea and Legleiter 2016).
When the gradient is steeper, the riverbed will
erode and the lateral resistance accretion will make
the channel narrower (Regalla et al. 2013; Kidová
et al. 2016). The transport capacity of water and
sediment increases, helping to reduce movement of
the hydrodynamic axis and lateral migration of the
main channel.
The erosion resistance of the riverbank determines the capacity of the boundary to constrain
the hydrodynamic axis migration (Hajdukiewicz
et al. 2016). Bank collapse may broaden the river
(Sun et al. 2015) and provide substantial space for
movement of the hydrodynamic axis, resulting in
the loss of barrier properties. The revetment is of
great signiﬁcance to maintaining a stable channel
(Gao et al. 2013). In the 1980s, the concave banks
of Reach 5 and Reach 7 which were protected by
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Figure 11. Typical cross-section and transverse ﬂow velocity distribution of barrier and non-barrier reaches.

revetment had strong resistant to erosion, maintaining their narrow, deep, and slightly curved
morphologies, and exerting barrier properties.
The riverbed sediment diameter has a great
impact on the lateral migration of the hydrodynamic axis (Wohl 2015). The coarser the riverbed

particle, the larger the lateral resistance of the
hydrodynamic axis, which helps to shape a stable
and narrow channel conﬁguration (Kidová et al.
2016; Sun et al. 2015). Research shows that the
coarsest median diameter is usually located at
the curve dome, the head of the central bar, the
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nearshore riverbed, or the bottom of a scour hole
(Zhang et al. 2012). An increasing riverbed particle
size increases the sediment threshold shear stress,
thereby reducing the mobility of bed sediment and
being conducive to the development of a barrier
river reach (Frings et al. 2014).
6. Conclusions
River regime adjustment has a profound inﬂuence
on rivers worldwide. Taking measures to weaken or
mitigate the adverse eﬀects brought by adjustment
of the river regime, as well as maintaining a stable
river regime, is a constant problem for ﬂuvial geomorphologists. This study, using the relationship of
the river regime adjustment phenomena between
the upstream and downstream of the MLYR,
classiﬁed 34 single-thread river reaches according
to their barrier properties. Twelve reaches meet
all the planar, cross-sectional, longitudinal, and
geological characteristics of barrier reach rivers,
and therefore prevent upstream river adjustment
from transferring downstream. Barrier reaches can
restrict large migrations of the hydrodynamic axis
after the upstream channel adjusts and help to centralise the planimetric position of the main stream,
thereby providing relatively stable inﬂow conditions for the lower reaches. The discovery of barrier
reaches enriches our previous understanding of
river evolution, and provides new information for
river regulation countermeasure.
For the non-barrier river reaches whose upstream
and downstream river regimes are ‘basically corresponding’, appropriate measures should be taken
to eliminate potential causes of damage, thereby
creating a barrier reach eﬀect. These measures
include: timely protection of concave banks which
are prone to severe collapse; taking measures to
remove ﬂow deﬂecting nodes in the upper and middle parts of the reaches such as protruding node
cutting; narrowing the river in order to constrain
ﬂoodplain development; implementing an artiﬁcial
cut-oﬀ for a curve whose neck is too narrow; and
carrying out riverbed roughening where the particle size of the bed sediment is too small.
For the barrier river reaches whose upstream
and downstream river regimes are ‘basically not
corresponding’, maintaining the original features
of the barrier reach can prevent the loss of barrier properties due to adverse changes. Building
upstream cascade reservoirs could lead to sudden changes in water and sediment conditions and
may cause the large-scale collapse of concave banks
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and the substantial shrinkage of convex sandbars.
Channels would consequently become wider and
shallower and lose their original barrier properties.
For instance, in the MLYR, sediment concentration
decreased sharply after the impoundment of the
Three Gorges Reservoir (Li et al. 2011). As a result,
point bars near the convex bank in Longkou Reach
were signiﬁcantly eroded. The river started developing into a microbending braided river. In the long
term, such changes were detrimental to maintaining the barrier properties. The timely protection of
point bars in convex banks is especially important.
Finally, for the non-barrier river reaches whose
upstream and downstream river regimes are ‘corresponding’, river regulation and planning should
be systematically carried out from upstream to
downstream. The main aim of river regulation is to
ensure a smooth relationship between the upstream
and downstream river regimes, as an unsmooth
relationship can prevent regulation from achieving the expected results. This is very important
for main channel selection in river regulation. For
instance, when the north branch of Xindi Reach
was the main branch and the hydrodynamic axis
was inclined to the right bank of Reach 14 that had
no barrier properties, ﬂow deﬂection due to Node
10 was strengthened, and the middle channel of
Luxikou Reach developed, leading to scouring and
the development of the direct channel of Luxikou
Reach. Thus, it was appropriate to ﬁrst select the
main channel of Xindi Reach in the upstream and
then select the main channel of Luxikou Reach. If
the south branch is chosen as the main channel for
Xindi Reach, the direct channel should be chosen
as the main channel for Luxikou Reach.
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