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Abstract Reduced sediment supply and rising sea levels are driving land submergence on deltas
worldwide, motivating engineering practices that divert water and sediment to sustain coastal landforms.
However, lobe response following channel abandonment by diversions has not been constrained by
field-scale studies. Herein, avulsion and engineered diversion scenarios are explored for the Huanghe
delta (China), where three lobes were abandoned in the last 40 yr. Two lobes were completely cut off by
diversions, and one naturally by an avulsion. Shoreline retreat rates are strikingly different: ~400 m/yr
for diverted lobes and ~90 m/yr for avulsed lobe. We hypothesize that this variability is linked to vegetal
cover across lobes, and therefore the capacity to buffer hydrodynamic reworking of shoreface sediment.
Furthermore, the vegetal cover is related to lobe salinity and elevation, which vary by abandonment style.
We offer this as a case study to inform about the efficacy of future delta diversions.

Plain Language Summary Sediment and water diversions are an important tool to combat
land loss of deltaic coastlines. However, nourishment of drowned coastal land typically requires diverting
water and sediment away from another region of the coast, potentially resulting in additional land loss.
This study finds that the stability of shorelines facing reduced sediment supply is dependent on elevation
before sediment loss, freshwater supply, and vegetation coverage. These findings have implications for
future sediment and water diversions, by informing strategies that optimize land preservation.

1. Introduction

The dispersal of sediment to deltaic coastlines is partially controlled by avulsion processes, whereby an
active channel is abandoned rapidly in favor of a new course. Consequently, avulsions redistribute water
and sediment to construct a new lobe (Kim, 2012; Kim et al., 2009; Paola et al., 2011). Avulsions typically
arise due to sediment aggradation on the channel bed relative to adjacent channel levees and are often
triggered by river floods (Mackey & Bridge, 1995; Mohrig et al., 2000). In deltaic systems, avulsions usually
occur at the hydrodynamic transition to backwater flow and happen on timescales of decades to millen-
nia (Ganti et al., 2014; Nittrouer et al., 2012). An avulsion may result in a new channel pathway carved
on the delta floodplain, or the re-occupation of a previously abandoned distributary channel (Slingerland
& Smith, 2004). In either case, channel relocation results in sediment delivery to a different part of the
coastline, where land building may begin in earnest. Meanwhile, the abandoned lobe typically experienc-
es shoreline retreat due to reduced sediment supply in the face of wave and tidal reworking of sediment
(Roberts, 1997).

At present, many deltaic coastlines are experiencing land loss due to accelerating rates of sea-level rise,
enhanced subsidence due to fluid extraction, and reduced sediment supply (Blum & Roberts, 2009; Giosan
et al., 2014; Hoitink et al., 2020; Syvitski et al., 2009). Because deltas host a large proportion of human pop-
ulation and are economically valuable, channel diversions have been implemented, or are considered, as
a viable engineering tool to combat coastal land loss. The goal is to relocate water and sediment dispersal
to areas that require maintenance of the subaerial landform (Paola et al., 2011). As such, recent attention
has been paid to understanding the growth of developing delta lobes. A prime example of such activity
includes the Wax Lake Delta of Louisiana, USA, which was initiated by a diversion from the Atchafalaya
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River in 1941. A delta emerged subaerially in the Atchafalaya Bay by 1973, exemplifying land building
through a co-organization of delta substrate, channels, levees, and vegetation (Shaw & Mohrig, 2014; Wag-
ner et al., 2017).

Delta morphology responds dynamically to river floods (Hiatt et al., 2019; Olliver et al., 2020), ocean storms
(Xing et al., 2017), tides (Hoitink et al., 2017; Shaw & Mohrig, 2014), subsidence (Syvitski et al., 2009;
Tornqvist et al., 2008; Wilson & Allison, 2008), waves (Gao et al., 2020; Nienhuis et al., 2013), and vegeta-
tion, through coupled eco-geomorphic feedbacks that impact sediment deposition and erosion (Gosselink
et al., 1998; Olliver et al., 2020; Paola et al., 2011; Piliouras et al., 2017). For example, numerical mode-
ling studies have assessed shoreline response to fluvial abandonment, and demonstrated that wave-driven
alongshore sediment transport reworks abandoned lobe sediment, smoothing the shoreline (e.g., Nienhuis
et al., 2013). However, few field-based observational studies have investigated shoreline response to factors
including a rapid reduction in sediment supply, variable surface topography, vegetation, and riverine fresh-
water supply.

Herein, this study investigates the Huanghe (Yellow River) delta, a system with multiple lobes recently
abandoned by both engineering practices and natural avulsions, to evaluate mechanisms that influence
shoreline stability of abandoned deltaic lobes. Detailed field and remote sensing observations are combined
to assess the roles of waves, topography, riverine water input, and vegetation, correlating these factors to
lobe retreat rates after a restriction of water and sediment supply.

1.1. Variable Lobe Characteristics and Retreat Rates of the Huanghe Delta

The Huanghe extends from the Tibetan Plateau, across the North China Plain, and terminates at the Bohai
Sea (Yu, 2002). Along its path, the Huanghe is enriched in sediment as it crosses the Loess Plateau, which is
comprised of easily erodible silt and very fine sand (Yu, 2002). The high sediment load of the Huanghe gen-
erates rapid dynamics in its lowermost reaches, and the Huanghe changes its course via channel abandon-
ment approximately every decade (Figure 1b). As a consequence, the delta system is constructed of multiple
lobes, whereby one develops at the mouth of the active channel. Once abandoned, the lobe is subjected to
sediment reworking by waves and tides, resulting in shoreline retreat.

In the past 70 yr, multiple engineered diversions have been implemented on the Huanghe delta, typically in
anticipation of an impending natural avulsion. For example, in 1976, the Diaokou Channel was abandoned,
and in 1996, the Qingshuigou Channel was abruptly rerouted (Figure 1b). In both cases, riverine connection
to the abandoned lobes was severed, allowing no upstream water or sediment to reach the abandoned chan-
nels. As a result, the channels were left as low-elevation scars, and the lobes subject to reworking (Carlson
et al., 2020). As recent studies have explored, sediment of the eroding lobe fills the abandoned channel.
Over time the antecedent topography of the channel is reworked and converted into a mudflat (Carlson
et al., 2020; Li et al., 2020; Wu et al., 2020). In the studied delta lobe, this is facilitated by a tidal channel net-
work that extends from the shoreline into the abandoned channel, conveying sediment-laden water land-
ward during rising tides. Material subsequently deposits during slack-tide conditions, filling the antecedent
channel topography with mud (Carlson et al., 2020). Presently, the Qingshuigou mudflat possesses limited
vegetation coverage across its mudflats, with exception of sporadic colonies of saline-tolerant Suaeda salsa
(S. salsa). Atop the adjacent antecedent channel levees, and above tidal inundation, Phragmites Australis (P.
australis) is abundant.

Natural avulsions on the Huanghe delta take several years to complete. Typically, an avulsion is character-
ized first by crevassing events, followed by the sustained levee-breaching flow that manifests into a new
channel, thus completing the process (Hajek & Edmonds, 2014; Jones & Hajek, 2007). For example, over a
multiple-year period (2005-2007), an avulsion relocated the Qingba channel ~5 km northward (Figure 1b).
Following the avulsion, a tie channel continued to convey water and sediment from the active channel to
the abandoned Qingba lobe. This tie channel extends across the antecedent channel and connects to a tidal
channel approximately halfway between the avulsion node and the modern shoreline (Figure 1e). Presently,
P. australis occupy ~2 km adjacent to the avulsion node, along the abandoned channel path. Nearing the
shoreline, vegetation becomes increasingly saline-tolerant, and species such as S. salsa and S. alterniflora
are abundant.
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The shoreline positions of the Diaokou, Qingshuigou, and Qingba lobes were tracked using 299 satellite
images obtained from Landsat between the years 1976-2018, and by assessing the movement of the channel
centerline following abandonment using the methods of Moodie et al. (2019). The Diaokou and Qingshu-
igou lobes demonstrate consistent retreat rates for about one decade following abandonment: 349 m/yr and
442 m/yr, respectively (Figure 1f). Interestingly, a decade after abandonment, retreat rates for both lobes re-
laxed: by 1990, the Diaokou lobe was 64 m/yr, and by 2007, the Qingshuigou was 190 m/yr. In stark contrast
is the magnitude and style of retreat for the Qingba lobe (natural avulsion): it has maintained a consistent
retreat rate of 92 m/yr since abandonment in 2007 (Figure 1f).

1.2. Exploring Influences of Waves, Topography, Riverine Water, and Vegetation on Lobe Retreat

The discrepancies in shoreline retreat rates for Huanghe delta lobes may be contextualized by abandonment
style: engineered diversion vs. avulsion. In particular, we ask the following questions: Could retreat rates
be traced to differences in lobe properties? And, are lobe properties connected to abandonment style? This
is explored by assessing potential differences in wave climate, antecedent topography, riverine water input,
and vegetation for each of the three lobes. As informed by previous studies, we hypothesize that these
are primary controls affecting shoreline stability, however, they are not independent of one another. For
example, elevation of deltaic deposits impacts hydroperiod (duration and frequency of wetting), as well as
salinity, by affecting tidal inundation, both of which influence vegetation species (Gosselink et al., 1998).
In turn, vegetal cover imparts eco-geomorphic feedbacks that mediate hydrodynamic energy and sediment
transport (Luhar & Nepf, 2013; Nepf, 1999; Nepf & Vivoni, 2000; Piliouras et al., 2017). Here, we examine
these and other considerations for each of the three lobes.

1.3. Wave-Driven Reworking of Delta Lobes

Alongshore sediment transport was simulated for the Huanghe delta to assess shoreline response of deltaic
lobes forced by two wave classes: 1) fair weather, and 2) storm waves. Simulations were carried out using a
Shoreline Simulation model (ShorelineS), a free-form (i.e., vector-based) model that predicts shoreline dis-
placement driven by variable wave information (Roelvink et al., 2020). Information about how ShorelineS
computes shoreline motion is found in Supporting Information (Text S4). Critical input parameters were de-
termined based on field studies, and time-continuous measurements (Text S3-S5); specifically, fair-weather
waves and significant wave height (Hs, = 1 m), wave period (T = 5 s), and the deep-water wave angle
(¢o = 175°, i.e., waves propagate from the south). The storm wave class is defined using Hsp =4 m, T =8 s,
and ¢, = 64° (approximately northeast). A detailed table of modeling parameters is available in Supporting
Information (Table S1). Simulations were run for each lobe over one-day period, considering the shore-
line position of the Diaokou, Qingshuigou, and Qingba lobes, so that wave climate and coastal orientation
drive wave approach angle. It should be noted that the results are not calibrated, as field measurements of
alongshore transport are not available. Generally, short-term changes in shoreline position are thought to
be driven by changes in shoreface slope. We test the hypothesis that lobe shape and alignment with storm
vs. fair-weather waves could be responsible for the contrast in lobe responses to avulsion and diversions
(Figure 2).

The simulated shoreline responses demonstrate interesting contrasts between lobe shoreline displacement
as affected by fair weather and storm waves (Figure 2). All simulations generate a response that varies along

Figure 1. (a) Outline of China with the location of the Huanghe delta outlined by the red box; (b) a Sentinel-2 satellite composite of the Huanghe delta,
assembled from images spanning November, 2017-June, 2020. The modern course (blue) mapped with previous courses (black), and the location of the

three deltaic lobes highlighted with colored boxes; the location of the respective avulsion nodes is also indicated by the colored stars; (c) the Diaokou, (d)
Qingshuigou, and (e) Qingba abandoned lobes, indicating elevation with respect to mean sea level. Elevation data are also displayed as a cumulative distribution
function in the top right corner of (c-e). Dashed gray lines denote the location of channel-centerline elevation transects depicted in Figure S3. White stars
indicate the locations of deployed instrument packages; (f) measured shoreline position (with reference to an upstream datum) and time, for the three
abandoned lobes studied herein. Note. data color coincides with box colors above. Piecewise linear regression functions to the data indicate the rates of changes
measured for each shoreline position. The Qingshuigou diversion in 1996, and the Qingba avulsion in 2007 are set as breakpoints for the regressions. The
breakpoints for the relaxation in retreat rates for Diaokou and Qingshuigou following diversions are determined by minimizing the residual sum of squares for

each fit.
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Figure 2. The daily output of shoreline change simulated for fair and
storm wave conditions for the three studied Huanghe delta lobes. (a)

The Diaokou lobe exhibits shoreline retreat for both conditions; (b) index scheme (Xu, 2006). Wetted vs. dry surfaces were determined based
the Qingshuigou lobe moves little under the influence of fair-weather on satellite images just before channel abandonment, with a comparison
conditions, while storm conditions produce regions of shoreline between the two channels conducted for similar riverine water discharg-
progradation and retreat. (c) The Qingba lobe shows slight retreat for es. Both channels possessed similar widths (~1,000 m), consistent with
fair conditions; however, storm conditions generate a large retreat. The . .

. . . . . the modern active channel. As measured levee-to-levee, the proportion
Diaokou (north facing) lobe is predicted to retreat the least, while the . . . . i
Qingba is expected to change the most. Both predictions run contrary to of subaerial channels present in the Qingshuigou and Qingba channels,
observations (Figure 1F). respectively, was 15% and 30% (Text S6, Figure S9). Based on expression,

these subaerial deposits are presumed to be fluvial bars. In the Qingba
channel, these bars were concentrated just downstream of the avulsion node prior to abandonment. Today,
the location of the antecedent bars corresponds to the region of topographic highs in the abandoned chan-
nel (Figures 1e and S9).

1.5. Riverine Versus Tidal Inundation of the Abandoned Lobes

For deltas, hydroperiod dictates vegetal cover and therefore eco-geomorphic feedbacks (Gosselink
et al., 1998). We therefore monitored variation in water depth, flow velocity, and salinity of the modern
tidal and tie channels of the abandoned lobes using pressure transducers (PTs), tilt current meters (TCMs),
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and conductivity loggers (CLs; Text S5 for full field methods). In the Qingshuigou tidal channel, five sets
of PTs and TCMs were co-located for 19 days, with three of these instrument suites having a CL. Two PTs
were deployed in the Diaokou tidal channel for 12 days. In Qingba, two instrument suites consisting of a PT,
TCM, and CL were deployed for 15 days: one in the tie channel, proximate to the active channel junction,
and another at the transition downstream to the tidally influenced channel, located approximately halfway
between the avulsion node and modern shoreline (Figures 1c-1e).

Water depth variations due to tides were identified at all locations: tides were mixed and semi-diurnal. Tidal
ranges (spring tide) recorded at Diaokou and Qingshuigou were 2.3 and 1.6 m, respectively. Bi-directional
flow prevailed throughout the Qingshuigou tidal channel, with maximum flood velocity measuring 0.7 m/s,
and maximum ebb velocity measuring 0.9 m/s. Salinity ranged 7-37 PSU. For the Qingba lobe tie channel,
flow was unidirectional (downstream), the tidal range was 0.5 m, maximum velocity was 0.1 m/s, and salin-
ity did not measure above 1 PSU. At the tie-tidal channel transition, flow was bi-directional, the tidal range
was 1.1 m, and salinity ranged 4-18 PSU (Text S5, Figure S8).

1.6. Vegetation Coverage of the Abandoned Lobes

Vegetation impacts hydrodynamics and sediment transport, and so vegetal cover for the three lobes
were evaluated using a Normalized Difference Vegetation Index (NDVI) (Kerr & Ostrovsky, 2003; Shao
et al., 2016; Sun et al., 2018), sampled bi-monthly, from 410 cloud-free Landsat images collected 2000-2019,
over an area ranging 5-7 km® near the shoreline. The area close to the shorelines of the Diaokou, Qingshu-
igou, and Qingba lobes shows stark differences (Figure 3). For the Diaokou lobe, NDVI for all months are
near zero, indicating no vegetation, only bare ground. The NDVI values for the Qingshuigou lobe shoreline
progressively decrease over time, indicating that since 2000, the lobe has been losing vegetation. In contrast,
the NDVI values for the Qingba lobe increase over time; in particular, the lobe gains vegetation after aban-
donment in 2007 (Figure 3).

2. Discussion

Channel avulsions redistribute sediment to delta coastlines, and therefore offer insights into best practices
for designing and implementing large-scale water and sediment diversions that can be used as a tool to
promote coastal resiliency. Sediment diversions may be designed to completely cut off water and sediment
to a previously active channel, such as those engineered on the Huanghe delta (i.e., the Diaokou and Qing-
shuigou diversions), or to provide continued connection to the primary channel, such as those outlined in
the Louisiana’s Comprehensive Master Plan for a Sustainable Coast (Coastal Protection & Restoration Au-
thority, 2017). In either case, diversions offer a mixture of human engineering and nature-based solution to
enhance natural delta-building processes. The duality of the Huanghe diversions and avulsion can be used
to inform techniques that optimize sediment retention and landform stability.

Over several decades, the Huanghe has been subject to diversions that completely sever water and sediment
to previously active channels, as well as avulsions, which maintain a persistent (albeit limited) connection
between the primary and abandoned channels. The shorelines of the two lobes abandoned by diversions
(Diaokou and Qingshuigou) retreated at rates four times faster than the lobe abandoned by avulsion (Qing-
ba). Attributes of each lobe, including reworking during fair/storm wave conditions, measurements of to-
pography, access to fresh (riverine) water, and vegetal cover, all contrast. Interestingly, the orientation of the
Huanghe delta lobes relative to wave conditions does not account for differences in shoreline retreat rates.
We therefore focus on the other important attributes absent from the modeling framework to understand
why ShorelineS model results fail to predict observations. We assess the above-described attributes and dis-
cuss how avulsed channel lobes are resilient to shoreline retreat compared to lobes deserted by engineering
practices.

2.1. Abandonment Style: Elevation and Water Input

Mean elevation of the Diaokou and Qingshuigou antecedent channels is lower than Qingba. Diaokou
and Qingshuigou were abandoned in 1976 and 1996, respectively. In part, elevation change is a product
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Figure 3. The Normalized Difference Vegetation Index (NDVTI) plotted over time (2000-2019) for the; (a) Diaokou, (b) Qingshuigou, and (c) Qingba lobe
shorelines, outlined in Figure 1b. NDVI data are smoothed using a moving average with a 12-months window, and the resulting average is plotted as the
solid-colored line. The standard deviation of the averaged NDVI values is shown by the gray envelope, and the NDVI values are fit with a polynomial function,
displayed as the solid black line. NDVI values for the Diaokou shoreline are consistent and show values less than 0.2, indicating that the abandoned channel is
consists of bare (muddy) ground. (b) The NDVI values for the Qingshuigou lobe decrease over time. (c) NDVI values for the Qingba lobe are relatively low prior
to avulsion (2007, as indicated) but increase over time: what was once a continuously wetted channel bed transitions to significant vegetation. Negative NDVI
values indicate barren areas, including ground covered by rock, sand, snow, or water.

of multiple decades of subsidence. Deltas are low-sloping landscapes with little topographic relief and as
such subsidence can have profound impacts on shoreline retreat rates (Tornqvist et al., 2008; Wilson &
Allison, 2008; Zhang et al., 2014). The impact of subsidence on Huanghe delta lobe shoreline retreat can be
gauged by using a maximum annual subsidence rate (25 mm/yr; Zhang et al., 2014) to compute land surface
lowering since the time of abandonment. For example, the Diaokou, Qingshuigou, and Qingba lobes could
have lowered by as much as 100, 50, and 25 cm, respectively. Hence, the maximum elevation discrepancy
due to subsidence between abandoned lobes is estimated to be 75 cm. The maximum difference in median
elevations among the three delta lobes is 193 cm (i.e., calculated using median elevations of —137, 33, and
56 cm above sea level for Diaokou, Qingshuigou, Qingba lobes, respectively). As such, subsidence could
account for ~40% of the observed elevation difference (i.e., 75 vs. 193 cm) and therefore the mean eleva-
tion differences between the three channels are larger than the difference in elevation due to subsidence.
Measured elevation variability between lobes is linked instead to antecedent channel bed topography, with
possible feedbacks to vegetation and sediment deposition.

Satellite imagery indicates fluvial bars were concentrated in the Qingba channel before abandonment, par-
ticularly near the avulsion node (Figure S9). As measured directly, this area maintains high topography
(Figure 1e). We assert that the Qingba channel underwent a natural channel avulsion as a consequence
of sediment aggradation on the channel bed, which from 2005 to 2007 initiated crevassing and, ultimate-
ly, desertion of the Qingba channel in favor of the modern distributary channel. In contrast, engineered
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diversions are an instantaneous cutoff at a prescribed location, and abandoned channels possess a relatively
low elevation profile.

Abandonment style and subsequent elevation of the channel influence the nature of freshwater and sedi-
ment input (Gaweesh & Meselhe, 2016). Large portions of the Qingba lobe remain supratidal and as such
are not regularly inundated by saline (marine) water. Moreover, a tie channel conveys freshwater to this
lobe. In contrast, the low relief Diaokou and Qingshuigou channels are intertidal and inundated diurnally
by saline water and remain devoid of freshwater input without connectivity to the active channel. Deltaic
distributary channels abandoned by avulsion often retain a tie channel that connects to the primary chan-
nel. This is consistent with observations of deltas that evolve over longer timescales than the Huanghe: the
Mississippi River delta system experiences major lobe abandonment over centuries to millennia, and its
bayou network is an example of a persistent connection between the main and abandoned channels (e.g.,
bayous LaFourche, Maringuoin, and Teche; Roberts, 1997). Similar examples exist for other river delta sys-
tems covering a range of sizes (e.g., Brazos River delta, Taha & Anderson, 2007; Selenga River delta, Dong
et al., 2020). Even in lowland river systems, tie channels maintain a persistent freshwater connection to
abandoned channels (Day et al., 2008; Rowland et al., 2009, 2005).

2.2. Vegetation, Shoreline Stability, and Informing Engineering Strategies

As deltaic land builds over time, plant coverage typically increases (Gosselink et al., 1998; Johnson
et al., 1985). In the case of the Qingba lobe, total plant cover has continued to increase despite a shore-
line retreat rate of 92 m/yr since abandonment (Figure 3). NDVI data indicate that soon after avulsion,
P. australis, S. alterniflora, and S. salsa established rapidly within the abandoned channel. Antecedent
fluvial bars (local topographic highs) were colonized by P. australis, a species that has a narrow limit with
respect to hydroperiod and salinity: seeds germinate in water shallower than 10 cm and with a salinity
<5 PSU. S. alterniflora, abundant near the shoreline, germinate in water up to 45 cm deep, with salinity
tolerance up to 33 PSU. The hydroperiod and salinity conditions are conducive for the establishment of
vegetation in the Qingba lobe.

The situation is not the same for the Diaokou or Qingshuigou lobes. In particular, for the Qingshuigou lobe,
NDVI values decrease after abandonment, indicating the transition from vegetation to bare ground. Unlike
the Qingba lobe, conditions were not hospitable to vegetation. Despite incremental sediment filling since
abandonment, the channel remains intertidal, inundated semi-diurnally. Measured salinity values range up
to 37 PSU, thus exceeding the tolerance of P. australis, and even S. alterniflora. Only small S. salsa colonies
are on the mudflat, varying seasonally with establishment in summer.

Vegetation buffers hydrodynamic energy as the living canopy induces drag and lowers flow velocity
(Moller et al., 2014; Nepf, 1999; Nepf et al., 1997, Nepf & Vivoni, 2000). In the subsurface, roots bind
sediment, enhance effective cohesion, and provide stability to the landform (Camporeale et al., 2013;
Simon & Collison, 2002). Vegetation also enhances accumulation through trapping (Méller et al., 2014).
The Qingba lobe displays an abundance of vegetation, particularly compared to the Diaokou and Qing-
shuigou lobes.

Topography and freshwater input influence vegetation, and therefore play an important role in stabilizing
the shoreline of the Huanghe lobes. Insights from this study may be used to inform engineering strategies
that seek to mitigate coastal land loss using diversions of water and sediment. An actively prograding delta
lobe experiences sediment deposition as the channel bed slope decreases over time (Moodie et al., 2019). It
is optimal to relocate engineered channels just upstream of where the channel bed has aggraded. Addition-
ally, the germination depth of native plant species could be used as a metric to determine if the channel bed
has aggraded sufficiently for plant colonization following a diversion. Maintaining a riverine water connec-
tion to the abandoned lobe is critical to providing freshwater, which nourishes vegetation. Combined, these
efforts will stabilize deltaic shorelines and lower lobe retreat rates.
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3. Conclusions

The Huanghe delta lobes have been abandoned by avulsions and engineered diversions. In either case, ac-
cess to water and sediment supply are reduced (if not entirely impeded), and the shoreline recedes. Howev-
er, the rate at which this occurs, as demonstrated for three recently abandoned lobes, is impacted by vegetal
colonization of the delta plain, which damps hydrodynamic processes and minimizes sediment erosion.
The key to mitigating shoreline retreat for the Huanghe lobes is therefore to promote vegetal development
by ensuring sufficient aggradation of the channel bed and the continued supply of freshwater.

The Huanghe delta exemplifies how engineered diversions sever access to freshwater if located without
regard to channel bed elevation. In such a circumstance, hypersaline conditions prevent vegetation from
colonizing. Alternatively, the natural avulsion channel is filled with sediment, elevating the topography,
with a tie channel that distributes freshwater to the lobe, and vegetation flourishes.

This study highlights effective methods for enhancing shoreline stability of abandoned deltaic lobes. Al-
lowing a channel bed to aggrade to an elevation that supports marsh vegetation along with maintaining
connection to freshwater enhances vegetal colonization and sediment stability. Such practices will ensure
that engineered diversions of delta lobes produce resilient shorelines.

Data Availability Statement

All code and data used for analyses and conclusions can be obtained online at (https://zenodo.org/
deposit/4271925).
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