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Abstract Unvegetated sediment bars are central to river morphodynamics but are rarely used as indicators
of channel dynamicity in satellite‐based studies. Linking sediment dynamics and river lateral mobility requires
monitoring sustained changes in both water and sediment—the active channel (AC)—to avoid stage‐dependent
noise. Yet, such monitoring remains rare. We introduce an automated, globally applicable approach that detects
and quantifies activation (erosion) and deactivation (vegetation colonization) by tracking multi‐year sustained
AC directional shifts from Sentinel‐2 imagery. Applied to the Po River (Italy), this approach captures
trajectories across different morphologies, distinguishing lateral mobility, widening, and narrowing from
changes caused by stage‐dependent hydrological forcing. Results identify the exposed sediment‐to‐water ratio
as a strong predictor of AC dynamicity, with sediment‐rich reaches showing greater instability and
responsiveness to hydrological variations. Our findings demonstrate that incorporating sediment areas alongside
the water channel improves understanding of river dynamics, with implications for river restoration and risk
mitigation.

Plain Language Summary Bare, exposed patches of sediment that appear in rivers play an important
role in how rivers change shape and behave over time. To test whether sediment can serve as a proxy for river
mobility, it is necessary to track both flowing water and adjacent unvegetated sediment bars—the active channel
—and to distinguish short‐lived fluctuations from sustained changes over time. This study combines satellite
imagery and machine learning to automatically map areas progressively gained through bank erosion or lost
through vegetation colonization. By focusing on spatiotemporal sustained changes, this approach distinguishes
active channel changes caused by lateral mobility from those resulting from sustained low‐ or high‐water stages
(e.g., during droughts). When applied to the Po River in Italy, the analysis showed that river segments with a
higher proportion of exposed sediment relative to water show greater responsiveness to hydrological variations.
This exposed sediment‐to‐water ratio emerges as a useful indicator of river sensitivity to change, likely because
it reflects both natural channel characteristics and the legacy of past human interventions. The proposed
approach offers a practical tool for global river monitoring in support of climate adaptation, river restoration
projects, and flood risk mitigation strategies.

1. Introduction
Interest is growing in assessing and visualizing the extent of rivers lateral mobility to help shift perspectives
toward granting rivers greater freedom (McCabe et al., 2025; Piégay et al., 2005). Mobility originates from
erosion of vegetated banks and sediment bars, accretion of bars, and channel bars migration (Chadwick
et al., 2023; Langhorst & Pavelsky, 2023). Therefore, assessing river mobility requires frequent monitoring
(Donovan & Belmont, 2019; Ziliani & Surian, 2012) not only of flowing water but also of unvegetated sediment
bars—that is, of the entire active channel area (O’Connor et al., 2003).

Advances in remote sensing technologies and (semi‐) automatic classification methods are now making this
possible. In particular, these advances have enabled a shift from monitoring only water‐channel changes (Allen &
Pavelsky, 2018; Boothroyd et al., 2021; Filipponi et al., 2025; Greenberg et al., 2024; Leenman et al., 2023; Li &
Limaye, 2025; Pavelsky & Smith, 2008; Pekel et al., 2016) to mapping the entire active channel (Boothroyd
et al., 2020; P. E. Carbonneau et al., 2020; Henshaw et al., 2013; Lamichhane et al., 2025; Monegaglia et al., 2018;
Nyberg et al., 2023; Rowland et al., 2016; Schwenk et al., 2017; Sutfin et al., 2020).
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To automatically monitor mobility over time, satellite‐based approaches typically compare the active channel
area from year to year (Rowland et al., 2016; Rusnák et al., 2025). This approach, however, has two main
drawbacks. First, without thorough visual checks, it might retain spurious changes that are not geo-
morphologically meaningful but instead reflect classification errors–an issue that becomes more relevant in short
time observation windows (Donovan et al., 2019). Second, it challenges the distinction between changes caused
by active channel lateral mobility and transient changes mostly driven by prolonged water‐stage variations. For
instance, prolonged droughts and subsequent floods can alternately reduce or expand active channel areas through
vegetation encroachment and removal on sediment bars (Bertoldi et al., 2011).

These transient, water‐stage dependent changes, though geomorphologically relevant, often do not reflect true
channel mobility or progressive narrowing and widening. No studies analyzing active channel changes have
attempted to separate meaningful planform changes that shape a river's evolutionary trajectory from spurious
changes due to inaccurate channel delineation or transient changes driven by water‐stage variations. Attempts
were only made in the analysis of the water channel (e.g., Leenman et al., 2023). Yet, this distinction is crucial
also in active channel analyses if we want to unlock the complex feedbacks between channel morphology and
active channel mobility (Chadwick et al., 2025; Kleinhans & Van Den Berg, 2011).

Channel morphology, in turn, is mediated by sediment bars (Church & Rice, 2009; Egozi & Ashmore, 2008).
There is evidence that sediment bars, acting as both sources and sinks of material, directly influence river
sensitivity to disturbance (Fryirs, 2017) as they drive channel morphology and processes (Church, 2006; Rice
et al., 2009). Sediment bars serve as valuable indicators of river evolutionary trajectory (Llena et al., 2020;
Surian, 1999) and proxies of changes in sediment transport (Brenna et al., 2022) as a consequence of river
regulation (Holušová & Galia, 2025; Hu et al., 2024). In satellite‐based studies, most efforts have focused either
on mapping the morphology and evolution of bars as proxies for bedload sediment transport and the impacts of
river regulation (e.g., Kryniecka et al., 2022; Wang & Xu, 2018) or on assessing river lateral mobility by
aggregating water and sediment extents (e.g., Boothroyd et al., 2020; Schwenk et al., 2017). These two research
lines have rarely intersected. Here, we integrate both by using combined and disaggregated information from
water and exposed sediment units within the active channel to better link and understand channel morphology and
dynamics.

The objectives of this work are to: (a) apply a novel pixel‐based tracking method to detect multi‐year shifts of the
active channel and isolate sustained lateral changes as proxies of mobility; and (b) explore the functional re-
lationships between spatiotemporal variability of these sustained active channel changes and channel morpho-
logical metrics. Spanning 2017 to 2024, we apply the approach to the Po River (Italy), to prove its consistency to
different channel morphologies under the legacy of human‐induced alterations. We find that the extent of exposed
sediment area constraints the active channel change patterns, thereby connecting river planform dynamism with
new satellite‐derived morphological metrics. Given that the active channel masks are generated from a freely
accessible, global Sentinel‐2‐based Fully Convolutional Network (FCN; P. E. Carbonneau and Bizzi, 2024), the
proposed approach is potentially transferable to any location.

2. Methodology
2.1. Study Area Settings

At 651 km, the Po River is Italy's longest watercourse (Brenna et al., 2022). Its strategic location and dense human
settlement have led to significant anthropogenic alterations, particularly since the mid‐20th century (Brenna
et al., 2024; De Sordi et al., 2025). Measures to promote navigability—combined with in‐channel mining,
deforestation, decreased tributary sediment supply, and the 1962 construction of the Isola Serafini Dam
(Figure 1a)—altered sediment flux and reduced the river's morphological complexity and dynamicity (Nones
et al., 2024). Though direct human pressure has eased, its legacy persists (Boothroyd et al., 2021; Brenna
et al., 2022; De Sordi et al., 2025; Maselli et al., 2018).

On top of that, over the past two decades, summer streamflow in the Po River has declined (Nones et al., 2024) as
a result of snow accumulation deficit during winters aggravated by climate change, greater evapotranspiration
during dry and hot summers, and increased irrigation withdrawals (Avanzi et al., 2024). The 2022 drought, for
example, marked a six‐century return period (Montanari et al., 2023). These pressures make the Po River an
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Figure 1. (a) Map of the analyzed Po River course, divided into transitional (gold) and single‐thread (burgundy) reaches. (b) Workflow: annual AC masks are compared
to map activated, deactivated, and unchanged areas; multi‐year aggregation isolates sustained changes; pixels are filtered by size and temporal consistency.
(c) Examples of automatically excluded areas due to small size, lack of progressive change, model inconsistency, or final‐year change only. (d) Refined areas (light
yellow polygons) and yearly sustained AC changes over Planet imagery for reach 15 (2017–2024).
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exemplary case study for assessing river sensitivity to climate change and newmanagement interventions, such as
restoration projects.

The study area spans 500 km from the Stura di Lanzo confluence to the Po di Goro intake marking the beginning
of the deltaic area (Figure 1a). It includes 35 geomorphologically homogeneous reaches, grouped as either
transitional or single‐thread (Figure 1a; Table S1 in Supporting Information S1). This classification is primarily
based on two standard indices, the sinuosity and the braiding indices, measured from single high‐resolution image
(Egozi & Ashmore, 2008; Rinaldi et al., 2016). Reaches are also denoted by a percentage of anthropogenic
confinement (Fryirs et al., 2016) which De Sordi et al. (2025) computed by mapping the fraction of river channel
margins with anthropic structures that can limit lateral mobility (Table S1 in Supporting Information S1).

2.2. Active Channel Classification From Satellite Imagery

The source of satellite imagery used in this study is the Sentinel‐2 Level 2A products (hereafter S2). With a revisit
time of 5 days and a resolution of 10 m for spectral bands B3, B4, and B8 (i.e., Green, Red and Near InfraRed), S2
imagery is suitable for mapping water channel and exposed sediment bars in rivers comparable in size to the Po
River (Bozzolan et al., 2023).

The processing pipeline is detailed in Supporting Information S1. Briefly, for each month from January 2017 to
December 2024, monthly median composite images were generated using spectral bands B3, B4, and B8 from S2
scenes with less than 85% cloud cover. Monthly composites were processed with an FCN‐based algorithm that
classifies lake water, river water, and sediment bars using spectral, shape, and texture features (P. E. Carbonneau
& Bizzi, 2024). When tested on the Po River against a 0.3 m orthophoto, river water was detected with over 90%
accuracy, while sediment classification exceeded 70%, aligning with global benchmarks (Bozzolan et al., 2026).
By aggregating pixels classified as river water with adjacent sediment bars, a mask of the active channel, hereafter
AC, is produced for each month.

Temporal aggregation of monthly data into annual AC maps requires careful consideration. In satellite‐based
geomorphic analysis, the median annual composite is generally assumed to help dampen intra‐annual river
stage variability in AC classification (Boothroyd et al., 2020; Nyberg et al., 2023). This study, instead, adopts the
method from Bozzolan et al. (2026) who demonstrated that aggregating monthly AC masks into annual water and
sediment frequency maps captures intra‐annual dynamics more effectively, while reducing monthly classification
errors and biases arising from mixed pixels. Pixels classified as either river water or exposed sediment bars for at
least 4 months/year define the annual AC, balancing model accuracy and geomorphic dynamics across different
channel morphologies (see details in Supporting Information S1 and in Bozzolan et al., 2026). The final AC mask
is then manually checked to remove areas not relevant for the present analysis, such as tributaries confluence
parts.

Yearly water and sediment frequency maps are also used to compute the 8‐year average exposed sediment‐to‐
water area ratio, Rsw, per reach (Figure S3 in Supporting Information S1). The sediment areas for the ratio
were defined as all pixels classified as sediment at least once per year, with the remaining pixels aggregated into
the water extent.

2.3. Pixel‐Based Reconstruction of Sustained Active Channel Changes

Yearly AC binary masks were used to automatically track the evolution of each pixel ever classified as part of the
AC during the 8‐year period. Each yearly mask was compared to the subsequent one: pixels classified as part of
the AC in both years were assigned a value of 0, while those that became part of the active channel (i.e., activated)
were labeled 1, and ‐1 was assigned to those that were excluded (i.e., deactivated) (Figure 1b). Pixels located
outside consecutive AC masks were given NaN (Not a Number) labels. When interannual information was
aggregated along the multiyear domain, it was possible to track state changes in pixel's classification over time in
relation to the river AC. For example, the 2017–2024 temporal sequence [1, 0, 0, − 1, NaN, NaN, NaN] indicates
pixel activation in 2018, sustained through 2020, deactivation in 2021, and not active afterward.

This data set formed the basis for refining sustained channel changes and locate lateral mobility over time. Pixels
were grouped as activated or deactivated if change was sustained over the studied time span. The former are
sequences starting with 1 followed by only 0s (e.g., [NaN, 1, 0, 0, 0, 0, 0]), indicating sustained inclusion in the
AC; the latter start with − 1 and continue with NaNs, reflecting long‐term exclusion. The position of the 1 or ‐1
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defines the “age” of activation/deactivation (e.g., 6 years in the example), that is, the duration of the sustained
change. Adjacent pixels with the same class (activation or deactivation) were merged into clusters (Figure 1b).

To focus on meaningful spatial trends, two filters were applied. First, based on the cumulative frequency dis-
tribution of clusters size, categorized by the number of ages they contain (Figure S4 in Supporting Informa-
tion S1), we retained only clusters with at least 4 years of sustained, coherent changes, thus discarding transient
(‘short lived’ or ‘model inconsistency’ in Figure 1c) or recent changes (‘too recent’ in Figure 1c). Second, the
remaining clusters smaller than the 75th percentile of the size distribution (Figure S4 in Supporting Informa-
tion S1) were excluded based on expert judgment (‘too small’ in Figure 1c). We sense‐checked the resulting data
set containing the automatically refined planform change areas on QGIS with high‐spatial resolution images from
Planet constellation (https://www.planet.com), see Figure 1d.

2.4. Factors Influencing Active Channel Changes

For each reach, activated and deactivated areas were normalized by the AC area to compute A*. Their difference
gives the net change, and their sum the total planimetric change, A*TOT. We assessed the influence of channel
morphology, artificial confinement, AC width, AC width normalized by the drainage area, and channel slope in
driving sustained, geomorphologically significant changes of the AC. In addition to these commonly used
metrics, we tested the exposed sediment‐to‐water ratio, Rsw, which is directly derived from the classifier outputs
and thus available without requiring additional source of information. To assess the influence of hydrology, we
used daily water‐discharge records from the Pontelagoscuro gauging station (https://www.arpae.it/, Figure 1a) to
calculate total annual discharge volume, which we adopted as the representative hydrological metric.

3. Results
Applied to the Po River, the automated procedure identified geomorphic changes sustained over the past 8 years,
while excluding transient, water‐stage–driven changes and spurious variations caused by inaccurate automatic
delineation. Figure 1d illustrates an example of such refined changes, showing localized bank erosion and gradual
AC abandonment due to vegetation encroachment in reach 15, confirmed using 3 m resolution images of 2017 and
2024 from Planet constellation. After visual checks, what remains as valid areas mostly reflect progressive river
lateral mobility. Discarded areas typically identify either negligible morphological dynamics (Example 1,
Figure 1c), changes appeared only in the final year, leaving their continuation uncertain (Example 3, Figure 1c), or
classification noise—commonly at the AC margins, where overhanging vegetation and mixed spectral signature
around pioneering vegetation introduce inter‐annual variability in AC delineation (Example 2, Figure 1c) as
assessed in Bozzolan et al. (2026).

3.1. Po River Geomorphic Changes

Figure 2a shows three examples of trajectory evolution in relation to bank protection works, high channel
dynamism, and a restoration intervention. In Reach 6, lateral mobility due to intense erosion along the left bank
has progressed up to the artificial boundaries formed by bank protection structures. This suggests that future
erosion may slow as the channel reaches its confinement limit, potentially enabling reactivation of the opposite,
true‐right riverbank now still inactive. In contrast, Reach 14 (36% artificial confinement) shows extensive
activation, including secondary channel reactivation and major bank erosion. Reach 28 exhibits activation
comparable to less confined reaches. This response is likely linked to a 2013 intervention that lowered a diversion
groyne, triggering progressive erosion along a former secondary channel.

When changes are aggregated by reach (plot in Figure 2a), the pronounced dynamicity and dominance of acti-
vation in Reach 14 become evident, as does the distinct behavior of Reach 28 compared to its neighboring
reaches. In contrast, Reach 6 shows a near‐equilibrium between activation and deactivation, manifested as a
lateral shift of the AC. In the Po River upstream part, net changes suggest some reaches are dynamically stable (e.
g., Reach 5, 6, and 13), while others are widening (Reach 3, 11, 12, 14, and 15), supporting earlier findings of
planimetric stability or recovery to wider channel configuration in this area (Brenna et al., 2022; De Sordi
et al., 2025). This trend reverses in Reaches 7 to 10 and 16 to 24 (with the exception of 20), located near the Lanza
Dam and Isola Serafini Dam, respectively. Here, deactivation exceeds activation, indicating that the ongoing loss
of AC areas is not being compensated by new channel areas. This is consistent with the narrowing process
previously documented in these sectors of the river (Brenna et al., 2022; De Sordi et al., 2025).

Geophysical Research Letters 10.1029/2025GL119584

CECCHETTO ET AL. 5 of 11

 19448007, 2026, 3, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2025G

L
119584 by W

alter B
ertoldi - C

ochraneItalia , W
iley O

nline L
ibrary on [03/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.planet.com
https://www.arpae.it/


3.2. Drivers of Active Channel Changes

We show that AC changes (A*TOT) over the 8‐year period are unrelated to reaches AC width and slope (Figure S5
in Supporting Information S1). In contrast, A*TOT correlates moderately with AC width normalized by the
drainage area (Spearman's ρ = 0.57, p < 0.05). Channel morphology shows a positive correlation (ρ = 0.61,
p < 0.05), indicating that reaches with higher braiding indexes (Rinaldi et al., 2016) are more dynamic (ρ = 0.56,
p < 0.05). Artificial confinement, by contrast, moderately limits lateral mobility (ρ = − 0.49, p < 0.05). The
strongest relationship is, instead, with Rsw (ρ= 0.76, p < 0.05). As shown in Figure 2b, normalized area of change

Figure 2. (a) 8‐year cumulative normalized areas of change, A*—activation and deactivation (plotted as negative for visualization)— along the Po River, and their net
balance with examples of sustained activation and deactivation in three reaches influenced by artificial confinement (Reach 6 and 14) and a restoration intervention
(Reach 28). (b) A*TOT over the 8‐year period plotted against Rsw for each reach, grouped by morphology and artificial confinement. (c) Asymptotic relationships
between A*TOT and Rsw. Blue lines represent asymptotic fits, with respective R

2, based on progressively longer time windows. Darker blue shades indicate higher
annual discharge volumes.
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A*TOT over 8 years increases with this ratio. Using an asymptotic curve, R
2 = 0.54 (alternative curves in Figure

S6 in Supporting Information S1), we identify Rsw as the dominant control on channel changes.

We disaggregated the 8‐year data set to compute the reaches' annual extent of activated and deactivated A*
(Figure S7 in Supporting Information S1). An asymptotic relationship was then tested across progressively
increasing time windows (from 2017 to 2024), with the corresponding R2 values shown in Figure 2c for the A*TOT
per reach. The association between lateral mobility and Rsw remained consistent across progressively increasing
time windows, with R2 values always exceeding 0.50.

Starting from 2017 and incrementally extending the time window, it becomes possible to assess how the different
years contributed to the river adjustment. Results indicate that reaches with a higher proportion of exposed
sediment relative to water tend to show greater responsiveness to hydrological variations. Hydrological forcing is
illustrated by line color, with darker blues indicating higher total annual discharge volume. Morphological
effectiveness is evident in 2019, 2020, and especially 2024, all years of high discharge volume, whereas the driest
years 2022 and 2023 showed only limited changes.

4. Discussion
Using an automated pixel‐based reconstruction of the river AC evolution, we show that incorporating sediment
bars provides new insights into various river mobility processes. Traditional metrics—such as type of
morphology (Greenberg et al., 2024), AC width and slope (Boothroyd et al., 2025), or AC width normalized by
drainage area (Alber & Piégay, 2017)— only weakly or moderately predict mobility. Instead, we identify the
exposed sediment‐to‐water ratio, Rsw, as the most effective indicator of geomorphic AC change.

Mobility is a consequence of time‐dependent interactions between water reshaping the land (through bank erosion
and bars accretion) and vegetation colonizing and stabilizing sediment bars (Corenblit et al., 2024). Rsw integrates
the water–sediment–vegetation interplay and explicitly reflects variability both between and within channel
morphologies. Unlike conventional morphological indexes (e.g., Rinaldi et al., 2016), this ratio is not derived
from a single‐date imagery. It overcomes the limitations of static, condition‐sensitive classification indexes (e.
g., Egozi & Ashmore, 2008), whose link to mobility, as shown here and by Boothroyd et al. (2025), is not always
consistent.

This ratio complements and integrates information from confinement. Confinement constrains lateral migration,
reducing space available for bar formation and sediment reworking (Greenberg et al., 2024). As a result, the extent
of exposed sediment not only measures channel activity but also preserves evidence of natural and human‐
induced pressures (Dong et al., 2024; Holušová & Galia, 2025; Hooke & Yorke, 2011). In the Po River, as in
many rivers worldwide (Grill et al., 2019), anthropogenic pressures have, over recent decades, promoted vege-
tation colonization at the expense of exposed sediment bars, leading to morphological simplification and reduced
lateral mobility (Boothroyd et al., 2021; Brenna et al., 2022, 2024; Maselli et al., 2018). However, confinement
should be interpreted relative to the river's migration trajectory during the observation period. This explains why
Reaches 3 and 5 deviate from the asymptotic fit (Figure 2b): limited confined margins outside the migrating zone
allow extensive bank erosion. Reach 6 illustrates another example: despite 66% artificial confinement, it remained
highly mobile until activation reached the bank protections (Figure 2a), indicating potential future effects on AC
configuration and mobility.

Given the relatively short time span, Rsw was here averaged over the 8‐year period. Tracking its temporal evo-
lution can, however, reveal shifts in river functioning or type not evident from AC masks alone. Its updatable
nature and broad applicability should be further evaluated across different river systems. This updatable nature
also characterizes our approach to assessing directions of lateral mobility. By monitoring and clustering changes
over multiple years rather than on a year‐by‐year basis (e.g., Rusnák et al., 2025), we could separate water‐stage–
driven variability from sustained morphological changes, often proxy of progressive lateral mobility.

To demonstrate this, we performed two analyses: one spanning 2017–2023 (Figure 3a) and another including
2024 (Figure 3b). Figures 3a and 3b show annual activation and deactivation trends alongside discharge data. If
the analysis were limited to 2023, the data would highlight significant deactivation during the dry years of 2021
and 2022. With a total discharge volume comparable to that of 2021 (3.1 and 3.6∙1010 m3, respectively), deac-
tivation in 2023 remains higher than activation, though it declined, likely due to late‐year flood events (Figure 3a).
However, the inclusion of 2024—a hydrologically intense year with the highest discharge volume in the 8‐year
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record (6.8∙1010 m3) and the sixth highest annual flow volume in 100‐year record—reveals widespread reac-
tivation of previously abandoned areas, particularly those deactivated in the prior three dry years. This suggests
that those changes were not geomorphologically persistent (i.e., due to river mobility) but rather caused by
prolonged low water stages that favored colonization by pioneering vegetation on sediment bars.

In 2024, the river reoccupied nearly 40% of areas deactivated in 2023, 34% of 2022%, and 26% of 2021. In
contrast, areas lost in 2018–2020 showed only limited recovery (∼13%). As shown in Figure 3c, reactivations
mainly occurred in secondary channels, near‐wetted channel zones, or areas overgrown by early‐stage vegetation
during the low‐flow period. Conversely, the addition of 2024 had minimal impact on previous activated areas,
except for 2023, where disconnected patches became part of larger activation zones. Whether the major reac-
tivations observed in 2024 represent a lasting change remains to be assessed by extending the time series over the
coming years. Our automated monitoring approach allows for such extension, enabling consistent validation of
planform changes and improving the robustness of trajectory assessments.

While a quantitative analysis of hydrological controls on AC sensitivity lies beyond the scope of this study, a
qualitative relationship emerges in Figures 2c and 3b. Using the AC change, we can estimate the river response
and recovery to hydrological extremes. The hydrological events of 2024 followed a prolonged period of reduced
flows, a pattern increasingly observed in the Po River basin, likely influenced by climate change (Avanzi
et al., 2024). The alternation of extreme conditions, hence the intensification in discharge variability, has
increased the pace of channel activation (Leenman et al., 2025). Breaking down the 8‐year changes into annual
AC modifications helps relate the river's response to successive hydro‐climatic extremes and support unraveling
the interplay between hydrology and river morphology.

Given the societal and ecological implications of letting rivers more room to move (McCabe et al., 2025), a self‐
updating monitoring approach of rivers AC is crucial also in river management (Brierley & Fryirs, 2016; Piégay
et al., 2005). Sustained activation and deactivation can be used to assess the impact of (and on) bank protections,
compute bank retreat rate (Nardi et al., 2013), as well as sediment and carbon sources and sinks (Geyman
et al., 2025; Greenberg et al., 2024) at both network and reach scales. With the proposed approach, activation,
deactivation, and exposed sediment‐to‐water ratio can be assessed globally. Its applicability using S2 data is

Figure 3. Daily discharge at Pontelagoscuro for 2017–2023 (a) and 2017–2024 (b), with total activated and deactivated areas across all reaches of the Po River
(secondary y‐axis) overlaid for the year of occurrence. (c) Examples of previously deactivated areas reactivated in 2024. Light blue arrows and red lines indicate flow
direction and artificially confined margins, respectively.
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generally limited to medium‐ and large rivers with active channel widths greater than ∼50 m, where classification
accuracies are robust (Bozzolan et al., 2023).

The approach presented here was developed for annually resolved morphological changes and may not fully
capture intra‐annual or event‐driven changes (Rowland et al., 2016). However, the pixel‐based reconstruction
of sustained changes could be adapted for monthly‐scale monitoring or for sequences of consecutive Sentinel‐
2 images, improving understanding of the river's sensitivity to drivers. The approach emphasizes progressive
planform changes, thereby filtering out intermittent changes that can occur in laterally dynamic rivers between
years (e.g., areas changing from active 1 year to inactive the following years and back to active the years
after). What constitutes sustained changes (in terms of temporal sequence and spatial extent) can, however, be
tuned depending on river specific dynamics, such as modifying the number of sequential years required for
change detection (set to 4 years in this study). Future developments should include the monitoring of
geomorphic processes within the AC boundaries, such as sediment bar evolution, water‐channel mobility, or
channel‐thread reconfiguration; while this aspect is probably less relevant for a management prospective,
combining these processes with AC planform changes could help define feedbacks between channel
morphology and mobility.

5. Conclusions
We developed an automated approach to detect spatiotemporally sustained changes in river AC from satellite
imagery. Applied to the Po River (2017–2024), the approach revealed that:

1. Pixel‐based history of AC changes effectively filters spurious or transient changes, obtaining robust assess-
ment of AC lateral mobility at 10 m resolution, scalable to medium‐ and large rivers worldwide across diverse
morphologies.

2. The exposed sediment‐to‐water ratio is a strong predictor of river sensitivity to changes; reaches with larger
sediment proportions show a greater mobility and higher responsiveness to hydrological variations.

3. Accounting for sediment bars alongside water improves understanding of river dynamics, specifically of
planform changes, with direct implications for river restoration and risk mitigation.

Together, these findings highlight the potential of combining satellite‐observed river changes and satellite‐
derived metrics to advance global monitoring of river dynamics and to uncover key drivers of fluvial geomor-
phic change.
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