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Drivers and impacts of sediment deposition
in Amazonian floodplains
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The Amazon River carries enormous amounts of sediment from the Andes
mountains, much of which is deposited in its floodplains. However, accurate
quantification of the sediment sink at fine spatiotemporal scales is still chal-
lenging. Here, we present a high-resolution hydrodynamic-sediment model to
simulate sediment deposition in a representative Amazon/Solimões flood-
plain. The process is found to be jointly driven by inundation, suspended
sediment concentration in the Amazon River, and floodplain hydrodynamics
and only weakly correlated with inundation level. By upscaling the sediment
deposition rate (1.33 ± 0.24 kgm−2 yr−1), we estimate the trapping of 77.3 ± 13.9
Mt (or 6.1 ± 1%) of the Amazon River sediment by the Amazon/Solimões
floodplains every year. Widespread deforestation would reduce the trapping
efficiency of the floodplains over time, exacerbating downstream river
aggradation. Additionally, we show that the deposition of sediment-associated
organic carbon plays a minor role in fueling carbon dioxide and methane
emissions in the Amazon.

The Amazon River is the world’s largest hydrological system with a
drainage area of 6.1 million km2 1. It delivers 17.8% of global freshwater
(with an annual discharge rate of 6642 km3 yr−1)2 and roughly 1200
million tons (Mt) of sediment to the Atlantic Ocean each year3,4. Sedi-
ments transported from their origins in Guyana/Brazilian Shield and
Andes to the Atlantic Ocean undergo a complex journey with repeated
cycles of deposition and resuspension5. A substantial portion of the
sediment does not make its way to the ocean but is instead deposited
over Amazonian floodplains6. This deposition helps shape the diverse
riparian and lacustrine landscapes comprising 14% of the lowland area
(<500m altitude) in the Amazon Basin7,8.

Sediment deposition affects river geomorphology9 and
ecosystems10, and enriches the soil of the Amazon Basin with organic
carbon and nutrients. This sustains high biodiversity and productivity
in the region8,11 while fueling carbon dioxide (CO2) and methane
(CH4)

12,13 emissions. Despite its importance, our understanding of

sedimentdepositiondrivers inAmazonianfloodplains remains limited.
Existing studies suggest that the Amazon River inundation controls
sediment deposition in the floodplains near the Andes14, where coarser
sands are rapidly deposited during high water periods. However, this
observation may not be applicable to the downstream floodplains,
such as the Amazon/Solimões, which comprise the majority of Ama-
zonian floodplain area. As the river progresses downstream, sediment
composition transitions to finer sediments due to preferential
deposition of coarse sediments, sediment attrition, and dilution by
finer sediments from black-water tributaries15. Thus, sediment
deposition in the Amazon/Solimões floodplains is less likely to be
influenced by river inundationmagnitude andmoreso by local factors,
such as inundation phases, river sediment concentration, and flood-
plain hydrodynamics.

Human impacts also remain a poorly understood influence on
sediment deposition in Amazonian floodplains. Despite low
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population density, sediment dynamics in theAmazon are not immune
to anthropogenic disturbance16–18, especially from dam construction
and land use change. Numerous dams on the mainstream and tribu-
taries of the Amazon River have already trapped substantial amounts
of sediment19–21. It is estimated thatmany proposed hydropower plants
in the Amazon, without prioritizing hydrological connectivity, can
potentially reduce sediment transport to downstream river reaches by
up to 100%22. Additionally, the Amazon Basin is witnessing widespread
deforestation activities23–25, particularly in the south and southeast
regions26. Soil erosion increased 300% in the sub-basins of theMadeira,
Solimões, Xingu, and Tapajós due to the rapid expansion of cropland
and rangeland26. Climate change is another critical driver of changes in
Amazon sediment dynamics14,27,28. Increasing trends of suspended
sediment concentrations (SSC) in theAmazonRiver could be the result
of the increase of annual peak flow over the past two decades29,30.
However, future projections show that the Amazon will become drier
with time28. These aforementioned factors culminate in complex and
changing trends in sediment dynamics for the Amazon River and its
surrounding floodplain. To better understand these dynamics, there is
a critical need for a modeling framework which accurately represents
the interactions among different drivers.

The sediment budget of the Amazon River is well measured via a
network of gauge stations on the mainstream and major tributaries4

and remote sensing observations31, but accurate representation of
sediment dynamics within Amazonian floodplains remains challen-
ging. Both in-situ data and estimates of SSC derived from remote
sensing imagery have limited ability to resolve the processes in suffi-
cient spatial and temporal resolution. For example, though the
underlying drivers of sedimentdynamics, suchas inundation,fluctuate
usually on a daily basis and vary significantly in space across the
complex landscapes at a 10-m scale32, in-situ sediment sampling was
only occasionally conducted in specific floodplain locations for short
time periods33,34. Meanwhile, despite the broad coverage from remote
sensing technologies over the Amazon Basin floodplains31,35,36, the data
resolution remains coarse and its uncertainty is often high due to the
empirical nature of the methodology, signal degradation by cloud
cover,macrophytes, and shallow sediment beds37–40. Currentmeasures
of sediment-associated particulate organic carbon (POC) deposition
also lack sufficient spatial and temporal details. In particular, they are
too coarse to determine which landscape and oxic condition POC is
dominantly deposited in Amazonian floodplains41, and this is a deter-
minant factor for the transformation pathways of POC in floodplain
soils42,43.

Numerical sediment modeling that couples a high-fidelity two-
dimensional (2-D) hydrodynamic model with a detailed sediment
model offers a way to overcome these limitations44. Previous applica-
tions of 2-D hydrodynamic models in the central Amazon Basin45,46 as
well as its floodplains47,48 have shown promising performance in
resolving inundation extent, water depth, and the river-floodplain flow
exchange. But these hydrodynamic models were used either solely for
flooding simulations32,49 or together with sparse SSC data for quanti-
fying the overall sediment budget in a floodplain40. Here, we used a
recently developed hydrodynamicmodel, now coupled with sediment
dynamics, to simulate high-resolution sediment deposition.

We selected a representative site of the Solimões floodplains,
Janauacá, to investigate sediment dynamics and sediment/carbon
deposition in Amazonian floodplains. Janauacá (3.2–3.25°,
60.23–60.13°) is a medium-size Amazonian floodplain along the right
bank of Amazon/Solimões River, 40 kmupstream from the confluence
of the AmazonRiver andRioNegro atManaus, Brazil (Fig. 1a). This area
is a typical subsystem of the Amazon River, consisting of floodplain
forests, wetlands, river channels, and a lake. While its water stage fol-
lows a monomodal cycle, the water circulation pattern within the
floodplain demonstrates significant complexities32. Janauacá has a
small drainage area (~786 km2)50, receiving annual precipitation

accumulations of ~2000mm and little freshwater inflow from
upstream rivers51. This floodplain connects to the Amazon River via a
perennial channel (12 km in length; 100–200m in width) with levees
located in its northeastern section, where exchanging fluxes occur
during rising and fallingwater periods. The flooded area varies from23
to 390 km2 during low water and high water, respectively. The water
stage in Janauacá changes accordingly between below 11–24m. The
floodplain is progressively filledwith sediment52, whichmainly sources
from the “white-water” Amazon/Solimões River loaded with sus-
pended sediments from the Andes. In contrast, the upland catchment
around the southern lake drains with black and clear water streams of
low suspended solids concentration33. The sediment-rich white water
has critical impacts on the downstream soil fertility53. In-situ sampling
of water level, velocity, sediment, other suspended matters, and car-
bon fluxes was established in Janauacá over the last few years33 which
helps improve the understanding of Amazonian floodplains. The data
havebeenused toquantifyCO2 andCH4dynamics54 and their response
to vegetation and inundation55. The hydrodynamic model has been
rigorously validated in representing floodplain hydrodynamics,
including both water stage and flow current32. Our advanced model
enables the estimation of sediment deposition in Amazonian flood-
plains at unprecedented spatial and temporal details. It also facilitates
disentangling the drivers of sediment deposition and its impact on
carbon cycling in the Amazon.

Results
The hydrodynamic-sediment coupled model performs well in simu-
lating water level and SSC in the Janauacá floodplain (Fig. 1b–e). As
measured, the simulated water level in our computational domain
follows four hydrological periods (LW: low water; RW: rising water;
HW: high water; FW: falling water, see Method section for definitions)
of the main course of the Amazon River tightly (Supplementary
Fig. S2). The observed and modeled SSC are consistent in different
locations of the floodplain, including the upstream river channel, the
downstream river channel, and the open lake area (Fig. 1d). The SSC
dynamics exhibit an annual monomodal cycle but asynchronous
relationships with the hydrological cycle, with the water level peak
lagged by over 4 months from the annual maximum SSC. Specifically,
high and low SSC concentrations occur during RW and HW periods,
respectively. The impacts of the water and sediment influx from
upstream rivers on SSC dynamics are minor, whereas the largest
contribution is from the Amazon River (Supplementary Fig. S5).

Sediment deposition in Janauacá is driven jointly by the hydro-
logical cycle, SSC variations in the Amazon River, and floodplain
hydrodynamics (Fig. 2). The monthly variations of the total sediment
deposition in the floodplain and the sediment trapping ratio closely
follow thatof sediment influx from theAmazonRiver rather thanwater
level(Fig. 2a, b). In Janauacá, sediment influx is shaped by the asyn-
chronous variations of water level and SSC in the Amazon River
(Supplementary Fig. S2). On average, 0.17 Mt yr−1 of sediment was
deposited on the Janauacá floodplain from 2007 to 2016, or equiva-
lently 0.033 Mt km−1 yr−1 of sediment was deposited per unit river
length as the adjacent boundary of Janauacá with the Amazon River is
about 5 km long.

The interannual variability of sediment deposition in the flood-
plain, however, shows a weak negative correlation (−0.36) against
water level, the indicator of river flooding magnitude. Conversely, it
shows a strong positive correlation (0.94) with the SSC in the Amazon
River (Fig. 2c). Consequently, sediment deposition in the floodplain
remained unexpectedly intensive during the years of extremely low
water levels in 2010 and 2011 when the river SSC was high, and fell to
the lowest in 2015 when the water level was normal but SSC was the
lowest.

Due to the effect of floodplain hydrodynamics, the simulated
sediment deposition shows large and distinct spatial variability during
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Fig. 1 | The setup andvalidationof thehydrodynamic-sediment coupledmodel.
a The model’s computational domain (limited to the low-lying floodable
regions with bottom elevation < 29 m). White labels show 8 inflow boundaries
(BCF) and 3 water level open boundaries (WLBC) connecting the main channel
of the Amazon River. Magenta transects at WLBCs are used to calculate the
flow and sediment exchange flux between the floodplain and the Amazon
River main channel. Red labels show two sampling sites of water level at WL_A
and WL_B (red triangles) and three sampling sites for SSC at Upstream, Open
Lake, and Downstream (black squares). The red dashed line outlines the lake
area, which is used to estimate the lake-specific POC deposition and the cor-
responding oxygen exposure time (OET). The arrows in the upstream region
indicate the river flow direction. The inset shows the minimized view of the
domain boundary and the location of the Manacapuru gauge at the mainstem

of the Amazon River. Comparison of the modeled water level (b, c) and SSC
(d, e) (solid and dashed lines) against the measurements (circles and triangles)
in the Janauacá floodplain. The inset in (d) shows the model-data comparison
at Open Lake, where model validation is based on the comparison with pub-
lished mean and standard deviation values (error bars in (d) and (e))55. The
black dashed line in both (c) and (e) represents the 1:1 line. The normalized
root-mean-square error (NRMSE) is 0.04, 0.03, 0.29, and 0.21 for water level at
WL_A and WL_B and for SSC at Upstream and Downstream sites, respectively.
In (b), the bias in the simulated water level at WL_A during LW is due to the
unresolved floodplain bathymetry at this specific location. The background
maps in (a) are from Google Satellite Map (Map data ⓒ 2024 Google) and the
Environmental Systems Research Institute (ESRI) National Geographic base-
map. Source data are provided as a Source Data file.
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Fig. 2 | Sediment dynamics in Janauacá. a Daily averaged exchanging rate of
monthly flow and suspended sediment through the open boundaries (transects in
Fig. 1a). The positive and negative values represent the flux into and out of the
Janauacá floodplain, respectively. b Daily averages of sediment deposition rate
and sediment trapping ratio. The sediment trapping ratio is the ratio of the
sediment deposition in the floodplain versus the sediment load of the Amazon
River at the Manacapuru gauge. The negative value of deposition rate indicates
bed erosion during FW and LW. c Annual mean sediment deposition rate of

Janauacá, annual mean water level, and annual SSC of the Amazon River from
2008 to 2016. The annual SSC each year is the number over the bar. Corre-
sponding scatter plots of annual mean deposition rate, water level, and SSC are
provided in Supplementary Fig. S7. Maps of the modeled deposition rate aver-
aged over four hydrological periods: d LW, e RW, f HW, and g FW. The number
behind each hydrological period is the deposition rate. The background maps in
(d–g) are from Google Satellite Map (Map data ⓒ 2024 Google). Source data are
provided as a Source Data file.
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the four hydrological periods, with rates ranging from less than
1 kgm−2 yr−1 in the areaswith persistently fast flows to over 5 kgm−2 yr−1

in the deeper lake areas (Fig. 2d, g). These results fall within the
reported range of 0.5 to 8.8 kgm−2 yr−1 for different Amazonian
floodplains6,34,56,57, as detailed in the Discussion section. Unlike the
modeled SSC that reached amaximum during RW, the deposition rate
reached elevated values of >2 kgm−2 yr−1 in both the RW and HW
periods (Fig. 2e, f). Between these two periods, the sediment deposi-
tion duringHW ismorewidespread to the lake andwetland units in the
floodplain (Fig. 2e, f), implying its higher relevance to the sediment and
carbon budgets of these landscape components. Particularly, the
model shows that the rising water supplied a dominant amount of
sediments to the floodplain (Supplementary Fig. S4b). These intruded
sedimentswereonly deposited to thedeepwater area of JanauacáLake
during the subsequentHW, severalmonths after RW (Fig. 2f), when the
slowing of water movement favored sediment deposition (Supple-
mentary Fig. S6c). In regions adjacent to WLBC3 where flows are per-
sistently fast during RW and HW (Supplementary Figs. S6b and S6c),
the deposition rates are reduced due to continuous sediment resus-
pension and transport (Fig. 2e, f). Overall, the annual sediment
deposition can exceed 5 kgm−2 yr−1 in the deep water lake.

Despite its short length (about 5 km) along the Amazon River, the
Janauacá floodplain alone can trap up to 0.09% of the Amazon River
sediment (Fig. 2b). This high trapping ratio highlights the efficient
retentionof the sediment influx by the floodplain. Of the 0.34Mtmean
annual sediment influx through the river-floodplain boundary
(Fig. 2a), ~11.7% was deposited in the floodplain (Supplementary
Fig. S10) and the rest was returned to the Amazon River during FW
(Fig. 2b). Like sediment deposition, the sediment trapping ratio of the
floodplain also reached the peak values in the RW period (Fig. 2b).

Anthropogenic disturbances from river damming and land use
change exert critical and nonlinear impacts on sediment deposition in
Amazonian floodplains (Fig. 3, and see “Method” section for experi-
ment design of the counterfactual scenarios). By reducing and
increasing the SSC level in the Amazon River to respectivelymimic the
impacts from damming and deforestation, our model predicts that a
reduction of SSC by reservoir trapping or a small increase of SSC by
moderate deforestation in the Amazon would cause the same pro-
portional changes (roughly linear increase) of sediment deposition in
the Janauacá floodplain (Fig. 3b). In other words, under these pertur-
bation levels, the sediment retention ratio in the floodplain does not
change. However, if the SSC level in the Amazon River increases sub-
stantially due to deforestation, the gain of sediment deposition in the
floodplain would gradually lose to the surge of river sediment influx
over time (Fig. 3c and Supplementary Fig. S16), causing higher frac-
tions of river sediment to transport downstream instead of being
deposited in the floodplain. Our analysis shows that this reduction of
sediment retention in the floodplain is a result of floodplain bed evo-
lution (Supplementary Figs. S12–S14). Under the extreme scenario of
agricultural expansion (60% increase in SSC), the trapping efficiencyof
the floodplain is predicted to decline by 7% by the tenth year of the
simulation, as the floodplain elevation near its open boundary rises by
more than 0.5 m (Supplementary Fig. S12). It is worth noting that the
human-induced alteration of SSC levels will make little changes to the
seasonal and inter-annual variabilities of sediment deposition and
sediment exchange flux (Fig. 3a, b and Supplementary Fig. S11b),
although their seasonal variations are intensified. The seasonal change
of SSC implies a more dynamic response of the deposition rate, with
shifts in SSC peaks causing notable increases in sediment influx during
HW (Supplementary Fig. S15a, c, and e).

With sediment deposition, considerable biologically active POC
from the Amazon River was also deposited in the floodplain. However,
quantitatively, the deposited POC per year is markedly lower than the
annual soil organic carbon input from ecosystem primary production
(Fig. 4a, b). For the lake areawherePOCdeposition is the strongest, the

modeled annual mean POC deposition rate is only
0.064 ± 0.013 g Cm−2 day−1, which is one order of magnitude lower
than the measured in-lake net primary production (NPP) in Janauacá
and other Amazonian floodplain lakes, for instance
− 5.7–29.2 g Cm−2 day−1 in Janauacá Lake33, 0.01–0.72 gCm−2 day−1 in
the floodplain lakes of central Amazon13, and 0.55 gCm−2 day−1 in the
nearby Lake Calado58 (Fig. 4a). Sediment deposition plays an even less
important role in the carbon budget of the Janauacá wetland area
(Fig. 4b). The modeled annual mean POC deposition rate is
0.012 ± 0.002 gCm−2 day−1, which is two to three orders of magnitude
smaller than the measured wetland NPP of 26 ± 5 gCm−2 day−159 and
1.5 g Cm−2 day−1 in the nearby, smaller Calado floodplain60. If con-
sidering the whole Janauacá floodplain, the estimated POC deposition
rate is also considerably smaller than the derived NPP from the Mod-
erate Resolution Imaging Spectroradiometer (MODIS) satellite
(4.4 gCm−2 day−1) and the Inter-Sectoral Impact Model Inter-
comparison Project (ISIMIP) multi-model ensemble (2.5 g Cm−2 day−1)
(Fig. 4b; and see “Method” section).

With the measured oxygen levels and high-resolution water level
and POC deposition simulations, we delineated a detailed map of
oxygen exposure time (OET) of the deposited POC in the floodplain
(Fig. 4c; and see “Method” section for the OET calculation). Within the
lake zone (as defined in Fig. 1a), over 80% of the deposited POC has
OET less than 10days andover 90%hasOET less than 1month (Fig. 4d).
The short OETs can be attributed to the concentration of POC
deposition in deep lake waters (Fig. 2) as well as the shallow depths of
oxycline in the Janauacá Lake33. Therefore, when sediment deposition
occurs in the Janauacá Lake, the associated POC would likely experi-
ence an oxygen-deficient environment subsequently which favors
carbon burial and anaerobic carbon oxidation, such as
methanogenesis61,62. Conversely, outside of the lake zone, such as in
wetlands and rivers, the deposited POC has much longer OET. For
instance, over 60% of the deposited POC experiences longer than
100days ofOET in the non-lake area (Fig. 4d), an environment favoring
aerobic carbon oxidation62.

Discussion
Sediment deposition in Amazon/Solimões floodplains
The hydrological cycle of the Amazon River is a critical driver of
sediment flux to Janauacá40,63, but it is noteworthy that no significant
correlation exists between the water stage of the Solimões River and
sediment deposition in the floodplain at both annual and seasonal
scales. This deviates from the observed sediment deposition behavior
in the Amazonian floodplains near the Andes14. The contrasting results
suggest that sediment deposition in these two floodplain systems is
controlled by distinct drivers. For the Amazon/Solimões floodplains
where fine sediments are dominant, our investigation finds that river
SSC and floodplain hydrodynamics are more influential for sediment
deposition. They also donot synchronizewith the temporal and spatial
variations of thewater stage. Notably,floodplain hydrodynamics play a
crucial role in spatial distribution of sediments, keeping them sus-
pended in the Amazon/Solimões floodplains. As a result, only a small
fraction of intruded sediments aredeposited in the floodplains and the
rest flow back to the Amazon River during FW. The hotspot area of
sediment deposition in the floodplains during different hydrological
periods correlates closely with the area where kinetic energy of inun-
dated water is greatly attenuated. This result highlights that floodplain
lakes are a major sink of water kinetic energy in the Amazon Basin and
thus largely responsible for the trapping of ~11.7% of sediment influx
from the Amazon River. A similar phenomenon has been observed in
other Amazon Basin floodplains which possess numerous lake
systems64, which implies the broad applicability of the mechanism.
Conversely, for the floodplains deficient in open waters, such as river
deltas, most sediment would be deposited over the vegetated area65,66.
Given the challenge to measure floodplain dynamics from space32, our
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findings underscore the crucial value of high-fidelity hydrodynamic-
sediment coupled models for the research of sediment deposition in
Amazonian floodplains.

Human activities in the Amazon Basin continue to exert asym-
metric impacts on floodplain sediment deposition. We show that the
increase in river dams along the main course and tributaries of the
Amazon River will reduce SSC in the downstream systems22 and curtail
sediment deposition in a proportionalmanner. The trapping efficiency
of the floodplains for the Amazon River sediment therefore will not
change. To the contrary, the impacts of expansion of cropland, ran-
geland, anddeforestation in theAmazonBasin on sediment deposition
are nonlinear. The surge of river SSC due to the dramatic increase of
soil erosion (e.g., over 40%)26 will overwhelm the capacity of the
floodplains to trap sediment. This is because the progressive increase
of floodplain bed elevation, especially in deeper water areas, would
affect the magnitude and timing of flow and sediment exchanges, as
well as the spatial distribution of deposition adjusted (Supplementary

Figs. S13 and S14), hindering a linear increase of deposition rates. With
sediment deposition saturated, the trapping efficiency of Amazonian
floodplains will decline sharply and higher proportions of sediment
will remain in the Amazon River main channel. As deforestation
increases sediment supply, the decreased floodplain trapping effi-
ciency would increase the likelihood that the sediment transport
capacity of the Amazon River is exceeded. Consequently, more sedi-
mentswould bedeposited indownstreamriver channels, exacerbating
channel aggradation and reducing flood capacity67,68. River reaches
may also undergo various geomorphological adjustments, including
more rapid channel migration, channel steepening, or avulsion. These
processes, which help rivers manage excessive sediment loads, can
significantly alter floodplain morphology and hydrodynamics69, but
more research is needed to elucidate the impacts of such dynamics.

The modeled sediment deposition rate (1.33 ± 0.24 kgm−2 yr−1) in
the Janauacá floodplain is in line with the estimates for other Amazo-
nian floodplains, including ~0.5 ± 0.1 kgm−2 yr−156 at Lago Grande de

Fig. 3 | Anthropogenic impacts on sediment deposition and flux. Monthly var-
iations of the simulated daily mean deposition rate (a) and daily mean suspended
sediment flux through the open boundaries (b) on different SSC perturbation
levels. c The change ratio of the simulated annual mean sediment deposition rate
on different SSC perturbation levels for each simulation year. In (a) and (b), the
baseline is the simulation without SSC perturbation and different percentages
represent the SSC perturbation levels in the Amazon River. In (c), Dexp is the

simulated sediment deposition rate in the perturbed SSC simulations (SSCexp) and
Dbaseline is the simulated sediment deposition rate without SSC perturbation
(SSCbaseline). For each year in (c), the simulations with reduced SSC are fitted using a
linear relationship, and the simulations with increased SSC are fitted with second-
order polynomial functions. Thenumber after each labeled year is the coefficient of
the second-order terms thatmeasures the nonlinearity. Sourcedata are providedas
a Source Data file.
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Curuai, 0.84 kgm−2 yr−1 at Lake Calado34, 1.2 kgm−2 yr−1 at Lake Paca57,
and 8.8 kgm−2 yr−1 at the floodplains along the 390-km long reach
between Itacoatiara andÕbidos6. If estimated by the floodplain length,
the sediment deposition rate is 0.033 ± 0.006 Mtkm−1 yr−1, which is
significantly lower than a previous estimate of 0.3 Mt km−1 yr−1 in the
reach between Itacoatiara and Õbidos6. However, it should be noted
that both sides of the river bankswere accounted for in their estimate6.

By upscaling the sediment deposition rate to the floodplain area
within the drainage basin of the Amazon/Solimões River mainstem
(i.e., 58,103 km2), we estimate that the Amazon/Solimões floodplains
could trap a total amount of 77.3 ± 13.9 Mt of sediment per year and
0.98 ± 0.18 Mt of POC per year using the POC/sediment mass ratio of
1.27%70. Given 1200 Mt sediment drained to the Atlantic Ocean by the
Amazon River per year3, sediment deposition in the floodplains could
account for a 6.1 ± 1% of sediment discharge by the Amazon River.
Despite a small percentage of the total sediment load retained in the
Amazon floodplains annually, this sediment can be subject to

extensive biogeochemical processing due to prolonged floodplain
storage, as indicated by the observed long transit times71.

The estimated deposition is influenced by several uncertainties,
such as the variability in floodplain trapping efficiency and the
potential overestimation of the floodplain area72. Moreover, Janauacá
may not represent all floodplains along the Solimẽs River, as there are
sites with varying ratios of local drainage extent to lake area73,74. Our
upscaling estimation focuses on the mainstem of the Solimões/Ama-
zon River but excludes all tributaries, assuming that Janauacá is only
representative of floodplains adjacent to the mainstem. This figure
likely underestimates the total sediment deposition in the basin,
because the floodplains of the tributaries could also trap a substantial
amount of sediment75. For comparison, using the simulated river-
length-specific deposition rate of 0.033 Mt km−1 yr−1 and the total
mainstem length of 3349 km for the Solimões/Amazon River from
HydroRIVERS76, an alternative river-length-based upscaling approach
yields a much higher total deposition estimate of 211 Mt per year.

Fig. 4 | Comparison of simulated POC deposition with NPP and oxygen expo-
sure time (OET) in the Janauacá floodplain. a Comparison of the simulatedmean
annual POC deposition rate with the measured NPP (i.e., Amaral et al., 201833,
Forsberg et al., 201713 and Melack& Engle, 200958) in the lake area of floodplains.
Due to the large spread of NPP data in ref. 33, the mean value is shown here, above
each bar.bComparison of the simulatedmean annual POCdeposition ratewith the
measured (i.e., Potter et al., 201460 and Engle et al., 200859) or derived NPP in the

wetland area of floodplains. The error bars in (a) and (b) represent standard
deviation. cMulti-year mean OET of deposited POC in Janauacá. d The cumulative
distribution function of multi-year mean OET (weighted by the deposition rate) of
grid cells in the lake area and non-lake area of Janauacá. The lake area and the
wetland area are defined in Fig. 1a and Supplementary Fig. S1, respectively. The
background maps in (c) are from Google Satellite Map (Map data ⓒ 2024 Google).
Source data are provided as a Source Data file.

Article https://doi.org/10.1038/s41467-025-57495-1

Nature Communications |         (2025) 16:3148 7

www.nature.com/naturecommunications


However, this figure is likely an overestimate because floodplains are
not always present along the river and on both sides.

Implications for carbon cycling
Amazonian floodplains play an important role in the global CO2 and
CH4 cycles

77. Due to the enormous amount of sediment deposition in
the floodplains, it is reasonable to speculate that the deposition of
sediment-associated POC could be important for the regional CO2 and
CH4 emissions78,79. However, our results do not support this hypoth-
esis. Compared to the wetland soil and lake sediment carbon that are
sourced from ecosystem primary production, the soil/sediment car-
bon input due to POC deposition is considerably smaller. Therefore,
POC deposition in Amazon floodplains is unlikely to contribute to the
high CO2 and CH4 emissions observed in the region, despite its crucial
role in the supply of critical nutrients to the floodplain soils80. Fur-
thermore, because Amazonian floodplains are one of several sediment
deposition hotspots in the world, we suspect that POC deposition also
only plays a minor role in fueling CO2 and CH4 emissions in other
productive floodplains across the globe. However, for low-
productivity floodplains in high latitudes, fluvial POC deposition
remains important for regional CO2 and CH4 emissions81.

Although sediment deposition in Amazonian floodplains is not
an important driver of regional CH4 emissions, due to its strong
spatial heterogeneity and seasonal variations, this process can
influence CH4 emissions under specific conditions (i.e., deep lake
areas during HW) within each floodplain. For instance, we find that
the POC deposition rate in the lake area is approximately five times
higher than that in the wetland area. For the deepest lake area, the
POC deposition rate during HW can reach 0.57 g Cm−2 day−1, which
becomes comparable to the measured in-lake NPP. With limited
oxygen exposure, a substantial fraction of these biologically active
POC could be oxidized to CH4 during the HW period through
methanogenesis61,62. However, since deep lake areas only comprise a
small fraction of the entire floodplains and the HW period only lasts
2–3 months, the overall contribution of POC deposition to regional
annual CH4 emissions is minor.

Methods
Hydrodynamic-sediment coupled model
A numerical model is developed based on the TELEMAC-MASCARET
modeling system that couples hydrodynamics and suspended sedi-
ment transport processes. TELEMAC-MASCARET is an open-sourced
integrated suite of solvers for use in the field of free-surface flow82. The
system tightly couples a shallow water module (TELEMAC-2D) and a
new sediment transport module (GAIA)83 at every time step (i.e., 30 s).
TELEMAC-2D solves 2-dimensional (2-D) shallow water equations
(SWE) and advection diffusion equations (ADE) for suspended sedi-
ment transport. GAIA computes the bed evolution and the erosion (E)
and deposition (D) fluxes (kg s−1 m−2) following84,85:

E =M
τb � τce

τce

� �
, ð1Þ

D =wsCb 1� τb
τcd

� �� �
, ð2Þ

where M is the erodibility coefficient or Krone-Partheniades erosion
law constant (kg s−1 m−2), τce and τcd are the critical shear stress for
erosion and deposition (Nm−2), repsectively. τb = 0.5ρCf (U2 + V2) is the
bottom shear stress (N m−2), where Cf is the friction coefficient, and U
andVare velocities in theCartesian system.ws is the settling velocity of
the sediment particles and Cb is defined as the sediment concentration
at the interface between suspended loadand bedload, which is the SSC
in our case since bedload is not considered. Both E andD contribute to
the change of bed elevation.

The hydrodynamic component of the coupled model was pre-
viously configured by Pinel32 based on the 30-m resolution digital
elevation model (DEM) derived from Shuttle Radar Topographic
Mission (SRTM)50. The bias over permanently inundated areas in the
SRTM DEM was addressed by using the elevation data from the
NASA’s Ice, Cloud, and Land Elevation Satellite (ICEsat) Geoscience
Laser Altimeter System (GLAS). The SRTM correction also used
bathymetric data from high water levels in June 2012, collected with
an ADCP and GPS-linked echo sounder, along with sampling from
May 2008 and August 2006. Meanwhile, vegetation-induced biases
were corrected using a wetlandmap from ref. 7 and aMODIS-derived
vegetation height dataset from ref. 86. These corrected ground ele-
vations were integrated using the ANUDEM v5.3 algorithm, con-
strained by a drainage channel network identified from Landsat
imagery. For a detailed methodology, see ref. 50. The computational
domain of Janauacá is delineated as the floodable region with an
elevation lower than 29 m (4.6 m above the observed maximum
water level)32. The mesh was developed with a horizontal resolution
of 23–77m32. The domain includes 8 inflow boundaries (BCF) and 3
water level boundaries (WLBC), the latter of which connect to the
mainstem of the Amazon River (Fig. 1a). The delineation of WLBCs is
based on ALOS-1/PALSAR images. Themodel domain is classified into
various topological regions based on the dual-season wetlands map7

(Supplementary Fig. S1), where the corresponding Manning’s
roughness coefficients are defined following87 and are calibrated to
ensure minimum bias in the hydrodynamic simulation32. The upland
discharge and water level boundary data are obtained from a
hydrologic model51 and the observation gauge at Manacapuru
(60°33’13.8”, 03°18’51.0") from the ORE-HYBAM database4, (https://
hybam.obs-mip.fr/), respectively. The water level at the WLBCs is
bias-corrected, using the difference in bed elevation from the Man-
acapuru gauge. Wind was excluded from the simulation due to the
unavailability of vegetative sub-canopy wind, which is essential for
accurate modeling in this context. This hydrodynamic model, as
calibrated and validated against observations of water level, velocity,
and flood extent over multiple hydrological years, provides a pre-
requisite for coupling with a sediment transport model that pre-
serves the full dynamics.

Our simulation considers depth-integrated SSC, as the water
depth in the Janauacá floodplain is typically much shallower than that
in the Amazon River mainstem. Even in the deeper lake areas, peak
water depths reach about 10m during HW and reduce to less than 5m
during LW (Fig. S3), with SSC showing minimal variation across the
shallower water column40,88. The daily SSC at the water level bound-
aries (Supplementary Fig. S2a) was derived from the near-surface
observation at Manacapuru from the ORE-HYBAM database4, with
sample gaps filled using satellite-derived estimates following40. Out-
liers that are 4 standard deviations away from themean were removed
from the satellite-derived SSC estimates. A Lowess filter was applied
with specified parameters (fraction=0.02, iterations=0, degree of
polynomial=1) to ensure a smoothed SSC boundary condition and
eliminate unrealistic variations that may cause numerical instability
issues. There are no significant tributaries between the Manacapuru
gauge and the WLBCs that would alter the sediment load along this
stretch of the river. The satellite data39 also implies no significant dif-
ference between SSC at Manacapuru and at WLBCs (Supplementary
Fig. S18). However, due to the lack of direct SSC measurements at
WLBCs, there is an inherent uncertainty in the SSC boundary condi-
tion. While there are no SSC samples collected from the upstream
boundaries, the lake’s upland catchment drains black water streams
with low SSC (<20 mg L−1)33. Thus, the SSC values are assumed as
20mgL−1 at the BCF1 and BCF8 and 40mg L−1 at the rest BCFs. The
water level data is used to define 4 hydrological periods of low water
(LW), rising water (RW), high water (HW), and falling water (FW): LW is
when water level <15m, HW is when water level >20m, and RW and
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FW are the periods with water level between 15m and 20m (Supple-
mentary Fig. S2b).

In-situ samples collected atManacapuru along the Solimẽs River88

and in a similar floodplain, i.e., Lake Grande de Curuai89, imply that the
composition of suspended sediment is dominated by silt and clay
( < 63 μm),with themedianparticle diameter (D50) of 12 ~ 49 μm.Thus,
we define 3 cohesive sediment classes in GAIA. The first two classes
correspond to clay or fine silt from the Amazon/Solimões River, and
the third class is sourced from the upstream catchment. We use the
default sediment density of 2650 kgm−3 for all classes. Please note that
since significant flocculation only occurs where the Amazon sediments
meet the fine sediments from brackish-water tributaries27, our model
does not account for flocculation processes, which are observed to
enhance the settling velocity of fine sediments inmany river systems90.

GAIA allows the change of lake morphology from sedimentation
processes. The cumulative bed evolution is computed internally in the
model computation using the deposition obtained in Equation (2) and
a default bottom layer density of 50kgm−3. Since the model does not
output deposition rate directly, we estimated the deposition per unit
area from the computed bed evolution. The deposition rate per unit
length is the total deposition of Janauacá over the length of its open
boundaries connecting to the Amazon River (~5 km). The sediment
trapping ratio is defined as the ratio of the Amazon River sediment
trapped by the floodplain, which is calculated by dividing the depos-
ited sediment in the floodplain by the river sediment loadmeasured at
Manacapuru.

The modeled hydrodynamics in the Janauacá floodplain has been
previously validated in ref. 50. This study re-validates the model
against the water level observation at two gauges. The validation of
modeled sediment dynamics in Amazonian floodplains remains chal-
lenging due to the dearth of both SSC and sediment deposition data.
Here, the modeled sediment dynamics are validated using the SSC in-
situ samples collected at three sites, which are all 0.5m below the
water surface, within Janauacá (Fig. 1a)33,54,55, and the measured sedi-
ment deposition rate in floodplains with similar geographic
settings6,34,89, as there is no direct measurement of sediment deposi-
tion in the local region. At the downstream gauge, the Amazon River
dominates the SSC variation, whereas in the open lake and upstream
regions, wind effects may lead to sediment resuspension during low-
flow seasons. The coupled hydrodynamic and sediment transport
simulation is performed from 2007 to 2016. The first year is con-
sidered asmodel spin-up and is excluded from the analysis. To upscale
the modeled deposition, the total floodplain area within the Amazon/
Solimões River mainstem drainage basin is computed using the floo-
ded wetland extent during high flood conditions7,91 with the basin
boundary delineated in ref. 92. The amount of sediment deposition in
the floodplains within the drainage basin of Amazon/Solimões River
mainstem can be estimated using the total floodplain area and the
modeled deposition rate per unit area.

Anthropogenic disturbance
Toquantitatively assess the impact of anthropogenicdisturbance from
dam construction19–21 and land use change23,26 on sediment deposition,
we performed multiple numerical experiments by perturbing the SSC
value at the WLBCs. In general, dams trap large amounts of sediment,
resulting indecreased SSC in the downstream reaches30,93.94,95 reported
a 20–30% reduction of SSC in the Madeira River downstream of the
Santo Antônio Dam.22 implies that the dams, built or proposed in the
central Amazon Basin present a trapping efficiency of 0–60%. Fol-
lowing their estimate, the potential impact of dam construction is
quantified by experiments with the boundary SSC reduced by 10%,
20%, 30%, 40%, 50% and 60%. Furthermore, excessive agricultural
expansion and livestock activities cause deforestation in the Amazon
Basin. The resultant land use and land cover change intensifies soil
losses from erosion, increasing downstream SSC23. The impact of

deforestation is estimated by increasing the boundary SSC by 10–60%
based on the increased soil erosion and sediment delivery rate in
Solimões River26. While it is not entirely clear how anthropogenic dis-
turbances affect the seasonal variations in SSC, thesepotential impacts
were assessed through experiments, including reducing variation
amplitude by 60% and enhancing the SSC magnitude by 60% during
peak periods. Although the timing of the SSC peak is influenced by
climatic rather than anthropogenic forcing, supplementary experi-
ments were conducted by advancing the SSC peaks 30, 60, and
90 days towards the water level peak to assess how interactions
between climate and human activities might affect the sediment
deposition in Amazonian floodplains.

Carbon dynamics
The impact of sediment deposition on carbon dynamics of Amazonian
floodplains is assessed through the estimation of particulate organic
carbon (POC) deposition and oxygen exposure time (OET) of depos-
ited POC. While the present TELEMAC-GAIA model does not directly
simulate POC deposition, it can be reasonably estimated using simu-
lated sediment deposition rate and measured POC concentration in
suspended sediment of the Amazon River.

DPOC =D× f POC , ð3Þ

where fPOC is the POC concentration measured from suspended load
samples collected from channel depth profiles at Manacapuru during
two sampling campaigns in June 2005 and March 2006 that respec-
tively correspond to HW and RW periods70. The value is 1.27% ± 0.21%.
It should be noted that due to the dependence of POC adherence on
sediment grain size96, the use of a unified POC ratio across all sediment
classes carries substantial uncertainty.

OET is the major driver of POC burial efficiency and its miner-
alization pathways. High OET corresponds to fast mineralization of
deposited POC and strong CO2 production through aerobic oxidation.
To the contrary, low OET corresponds to slow mineralization of
deposited POC and strong CH4 production through anaerobic oxida-
tion. For deposited POC, OET is estimated using the modeled water
depth and measured depth-resolved dissolved oxygen (DO) levels
following the steps below. First, we identify the oxycline—the depth
below which DO concentrations fall below 2mg L−1—using DO data
collected during the four hydrological periods by Amaral33 at thewind-
exposed (WE) site of Janauacá. The estimated oxycline depths are
0.5m, 2m, 3.5m, 1.2m for LW, RW, HW, and FW, respectively. We
assume that the measured DO is uniformly distributed horizontally
across the WE site and the identified depths separate aerobic and
anaerobic sediment. Second, we compare the modeled water depth at
each grid cell to the estimated low DO depths and define OET of each
grid cell as the amount of days in a year that the sediment is above the
low DO depths. The estimated OET is calculated based solely on the
pre-burial oxidation condition for the settled POC and does not
account for post-deposition oxidation processes that can deplete
oxygen in the sediment layers. As a result, our estimation tends to be
conservative.

For Amazonian floodplains, sediment/soil OC has two sources:
autochthonousOC fromprimary productionwithin the floodplain and
allochthonous OC from POC deposition. We estimate autochthonous
OC input in the floodplain from published net primary production
(NPP) data for the lake area (Fig. 1a) andwetland area (non-lakeflooded
area) of Janauacá. The wetland area is covered by macrophytes and
flooded forest (Supplementary Fig. S1). For the wetland area, the NPP
estimates are available from in-situ data at Janauacá33, from a com-
parable and smaller floodplain58–60, satellite-derived MODIS product97

and ISIMIPmultimodel ensemble98. It should be noted that due to their
coarse resolutions, the MODIS and ISIMIP estimates would include
primary production from upland forests. We used the NPP of CARAIB,
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DLEM, JULES-B1, LPJmL, ORCHIDEE, VEGAS, and VISIT from ISIMIP2a
simulations that are forced by the GSWP3 climate data. The ISIMIP
model outputs have the resolution of 0.5° and are archived monthly
from 1971 to 2010. The annual NPP at the grid nearest to our domain
since 2000 is used for comparison. The monthly NPP derived from
MODIS from 2008 to 2016, with the spatial resolution of 500m, is
averaged annually over the model’s computational domain. For the
lake area, the NPP estimates are available from local measurements33

and similar floodplain lakes13,34,58.

Data availability
Source data are provided with this paper. The baseline simulation
results have been deposited in Zenodo at https://doi.org/10.5281/
zenodo.14855431.Due to size constraints, additional simulationdata are
available upon request. Data obtained from third parties and used in
figures include satellite imagery from Google Static Maps API (Google
Earth, https://www.google.com/maps) and the Environmental Systems
Research Institute (ESRI) National Geographic basemap (https://www.
esri.com/en-us/arcgis/products/arcgis-location-platform/services/
basemaps). These datasets are available under restricted access for
third party rights. The access can be obtained by either perceiving
proper permission from the data providers or providing appropriate
credit. Source data are provided with this paper.

Code availability
The Telemac source code is accessible at https://gitlab.pam-retd.fr/
otm/telemac-mascaret/-/releases/v8p3r1(last access: Feb 2025). The
scripts used to process and analyze the simulation results have been
deposited in Zenodo at https://doi.org/10.5281/zenodo.14855431.

References
1. Goulding, M. The Smithsonian Atlas of the Amazon (Smithsonian

Books, 2003).
2. Dai, A. & Trenberth, K. E. Estimates of freshwater discharge from

continents: Latitudinal and seasonal variations. J. Hydrometeorol. 3,
660–687 (2002).

3. Martinelli, L. A., Victoria, R. L., Devol, A. H., Richey, J. E. & Forsberg,
B. R. Suspended sediment load in the Amazon Basin: an overview.
GeoJournal 19, 381–389 (1989).

4. Martinez, J.-M., Guyot, J.-L., Filizola, N. & Sondag, F. Increase in
suspended sediment discharge of the Amazon River assessed by
monitoring network and satellite data. Catena 79, 257–264 (2009).

5. Potter, P. E., Maynard, J. B. & Depetris, P. J. Mud and mudstones:
Introduction and overview (Springer Science & Business
Media, 2005).

6. Mangiarotti, S. et al. Discharge and suspended sediment flux esti-
mated along themainstream of the Amazon and theMadeira Rivers
(from in situ and MODIS Satellite Data). Int. J. Appl. Earth Obs.
Geoinf. 21, 341–355 (2013).

7. Hess, L. L. et al. Wetlands of the lowland Amazon basin: Extent,
vegetative cover, and dual-season inundated area as mapped with
JERS-1 synthetic aperture radar. Wetlands 35, 745–756 (2015).

8. Richey, J. E. et al. Sources and routing of the Amazon River flood
wave. Glob. Biogeochem. cycles 3, 191–204 (1989).

9. Mertes, L. A., Dunne, T. & Martinelli, L. A. Channel-floodplain geo-
morphology along the Solimões-Amazon river, Brazil. Geol. Soc.
Am. Bull. 108, 1089–1107 (1996).

10. Junk, W. J., Wittmann, F., Schöngart, J. & Piedade, M. T. A classifi-
cation of the major habitats of Amazonian black-water river flood-
plains and a comparison with their white-water counterparts.Wetl.
Ecol. Manag. 23, 677–693 (2015).

11. Melack, J. M. et al. Regionalization of methane emissions in the
Amazon Basin with microwave remote sensing. Glob. Change Biol.
10, 530–544 (2004).

12. Abril, G. et al. Amazon River carbon dioxide outgassing fuelled by
wetlands. Nature 505, 395–398 (2014).

13. Forsberg, B. R. et al. The potential impact of new Andean dams on
Amazon fluvial ecosystems. PloS one 12, e0182254 (2017).

14. Aalto, R. et al. Episodic sediment accumulation on Amazonianflood
plains influenced by El Nino/Southern Oscillation. Nature 425,
493–497 (2003).

15. Vauchel, P. et al. A reassessment of the suspended sediment load in
the Madeira river basin from the Andes of Peru and Bolivia to the
Amazon River in Brazil, based on 10 years of data from the hybam
monitoring programme. J. Hydrol. 553, 35–48 (2017).

16. Fagundes, H. et al. Human-induced changes in South American
river sediment fluxes from 1984 to 2019. Water Resour. Res. 59,
e2023WR034519 (2023).

17. Castello, L. & Macedo, M. N. Large-scale degradation of
Amazonian freshwater ecosystems. Glob. Change Biol. 22,
990–1007 (2016).

18. Syvitski, J. P. & Kettner, A. Sediment flux and the Anthropocene.
Philos. Trans. R. Soc. A: Math., Phys. Eng. Sci. 369, 957–975 (2011).

19. Anderson, E. P. et al. Fragmentation of Andes-to-Amazon con-
nectivity by hydropower dams. Sci. Adv. 4, eaao1642 (2018).

20. Finer, M. & Jenkins, C. N. Proliferation of hydroelectric dams in the
Andean Amazon and implications for Andes-Amazon connectivity.
PLoS ONE 7, e35126 (2012).

21. Fearnside, P. M. Brazilian politics threaten environmental policies.
Science 353, 746–748 (2016).

22. Flecker, A. S. et al. Reducing adverse impacts of Amazon hydro-
power expansion. Science 375, 753–760 (2022).

23. Lense,G.H. E., Avanzi, J. C., Parreiras, T. C.&Mincato, R. L. Effectsof
deforestation on water erosion rates in the Amazon region. Rev.
Brasileira de. Ciências Agr.árias 15, 1–7 (2020).

24. Flores, B. M. et al. Critical transitions in the Amazon forest system.
Nature 626, 555–564 (2024).

25. Narayanan, A., Cohen, S. & Gardner, J. R. Riverine sediment
response to deforestation in the Amazon basin. Earth Surf. Dyn. 12,
581–599 (2024).

26. Riquetti, N. B., Beskow, S., Guo, L. & Mello, C. R. Soil erosion
assessment in the Amazon basin in the last 60 years of deforesta-
tion. Environ. Res. 236, 116846 (2023).

27. Nittrouer, C. A. et al. Amazon sediment transport and accumulation
along the continuum of mixed fluvial and marine processes. Annu.
Rev. Mar. Sci. 13, 501–536 (2021).

28. de Oliveira Fagundes, H. et al. An assessment of South American
sediment fluxes under climate changes. Sci. Total Environ. 879,
163056 (2023).

29. Gloor, M. et al. Intensification of the Amazon hydrological cycle
over the last twodecades.Geophys. Res. Lett.40, 1729–1733 (2013).

30. Li, T.,Wang, S., Liu, Y., Fu, B. &Gao, D. Reversal of the sediment load
increase in the Amazon basin influenced by divergent trends of
sediment transport from the Solimões and Madeira Rivers. Catena
195, 104804 (2020).

31. Espinoza-Villar, R. et al. Spatio-temporal monitoring of suspended
sediments in the Solimões River (2000–2014). Comptes Rendus
Geosci. 350, 4–12 (2018).

32. Pinel, S. et al. Flooding dynamics within an Amazonian floodplain:
Water circulation patterns and inundation duration. Water Resour.
Res. 56, e2019WR026081 (2020).

33. Amaral, J. H. F. et al. Influence of plankton metabolism and mixing
depth on CO2 dynamics in an Amazon floodplain lake. Sci. Total
Environ. 630, 1381–1393 (2018).

34. Smith, L., Melack, J., Hammond, D., Smith, L. K. & Hammond, D. E.
Carbon, nitrogen, and phosphorus content and Pb-derived burial
rates in sediments of an Amazon floodplain lake. Amazoniana 17,
413–436 (2003).

Article https://doi.org/10.1038/s41467-025-57495-1

Nature Communications |         (2025) 16:3148 10

https://doi.org/10.5281/zenodo.14855431
https://doi.org/10.5281/zenodo.14855431
https://www.google.com/maps
https://www.esri.com/en-us/arcgis/products/arcgis-location-platform/services/basemaps
https://www.esri.com/en-us/arcgis/products/arcgis-location-platform/services/basemaps
https://www.esri.com/en-us/arcgis/products/arcgis-location-platform/services/basemaps
https://gitlab.pam-retd.fr/otm/telemac-mascaret/-/releases/v8p3r1
https://gitlab.pam-retd.fr/otm/telemac-mascaret/-/releases/v8p3r1
https://doi.org/10.5281/zenodo.14855431
www.nature.com/naturecommunications


35. Villar, R. E. et al. A study of sediment transport in the Madeira River,
Brazil, usingMODIS remote-sensing images. J. South Am. Earth Sci.
44, 45–54 (2013).

36. Martinez, J.-M., Espinoza-Villar, R., Armijos, E. & Silva Moreira, L. The
optical properties of river and floodplain waters in the Amazon River
Basin: Implications for satellite-based measurements of suspended
particulatematter. J. Geophys. Res. EarthSurf. 120, 1274–1287 (2015).

37. de Moraes Novo, E. M. L. et al. Seasonal changes in chlorophyll
distributions in Amazon floodplain lakes derived from MODIS ima-
ges. Limnology 7, 153–161 (2006).

38. Montanher,O.C.,Novo, E.M., Barbosa, C. C., Rennó,C. D. &Silva, T.
S. Empirical models for estimating the suspended sediment con-
centration in Amazonian white water rivers using Landsat 5/TM. Int.
J. Appl. Earth Observ. Geoinf. 29, 67–77 (2014).

39. Fassoni-Andrade, A. C. & de Paiva, R. C. D. Mapping spatial-
temporal sediment dynamics of river-floodplains in the Amazon.
Remote Sens. Environ. 221, 94–107 (2019).

40. Rudorff, C. M., Dunne, T. & Melack, J. M. Recent increase of
river–floodplain suspended sediment exchange in a reach of the
lower Amazon River. Earth Surf. Process. Landf. 43, 322–332 (2018).

41. McClain, M. E. & Naiman, R. J. Andean influences on the bio-
geochemistry and ecology of the Amazon River. BioScience 58,
325–338 (2008).

42. Ward, N. D. et al. Degradation of terrestrially derived macro-
molecules in the Amazon River. Nat. Geosci. 6, 530–533 (2013).

43. Sawakuchi, H. O. et al. Oxidative mitigation of aquatic methane
emissions in large Amazonian rivers. Glob. change Biol. 22,
1075–1085 (2016).

44. Nicholas, A., Walling, D., Sweet, R. & Fang, X. New strategies for
upscalinghigh-resolutionflowandoverbank sedimentationmodels
to quantify floodplain sediment storage at the catchment scale. J.
Hydrol. 329, 577–594 (2006).

45. Baugh, C. A., Bates, P. D., Schumann, G. & Trigg, M. A. SRTM
vegetation removal and hydrodynamic modeling accuracy. Water
Resour. Res. 49, 5276–5289 (2013).

46. Wilson, M. et al. Modeling large-scale inundation of Amazonian
seasonally flooded wetlands. Geophys. Res. Lett. 34 (2007).

47. Rudorff, C.M., Melack, J. M. & Bates, P. D. Flooding dynamics on the
lower Amazon floodplain: 1. Hydraulic controls on water elevation,
inundation extent, and river-floodplain discharge. Water Resour.
Res. 50, 619–634 (2014).

48. Rudorff, C.M., Melack, J. M. & Bates, P. D. Flooding dynamics on the
lower Amazon floodplain: 2. Seasonal and interannual hydrological
variability. Water Resour. Res. 50, 635–649 (2014).

49. Fassoni-Andrade, A. C. et al. Expressive fluxes over Amazon flood-
plain revealed by 2D hydrodynamic modelling. J. Hydrol. 625,
130122 (2023).

50. Pinel, S. et al. Correction of interferometric and vegetation biases in
the SRTMGL1 spaceborne DEM with hydrological conditioning
towards improved hydrodynamics modeling in the Amazon Basin.
Remote Sens. 7, 16108–16130 (2015).

51. Bonnet, M.-P. et al. Amazonian floodplain water balance based on
modelling and analyses of hydrologic and electrical conductivity
data. Hydrol. Process. 31, 1702–1718 (2017).

52. Latrubesse, E. M. & Franzinelli, E. The Holocene alluvial plain of the
middle Amazon River, Brazil. Geomorphology 44, 241–257 (2002).

53. de Souza Ferreira Neto, G. et al. Sedimental journey: soil fertility of
fluvial islands increases with proximity to an Amazonian white-
water river. Wetlands 41, 1–11 (2021).

54. Barbosa, P. M. et al. Dissolved methane concentrations and fluxes
to the atmosphere from a tropical floodplain lake. Biogeochemistry
148, 129–151 (2020).

55. Amaral, J. H. F. et al. Inundation, hydrodynamics and vegetation
influence carbon dioxide concentrations in Amazon floodplain
lakes. Ecosystems 25, 911–930 (2022).

56. Bourgoin, L. M. et al. Temporal dynamics of water and sediment
exchanges between the Curuaí floodplain and the Amazon River,
Brazil. J. Hydrol. 335, 140–156 (2007).

57. Forsberg, B., Godoy, J. M., Victoria, R. & Martinelli, L. A. Develop-
ment and erosion in the Brazilian Amazon: a geochronological case
study. GeoJournal 19, 399–405 (1989).

58. Melack, J.M.&Engle, D. L. Anorganic carbonbudget for anAmazon
floodplain lake. Int. Ver. f.ür. Theor. Angew. Limnologie: Verhan-
dlungen 30, 1179–1182 (2009).

59. Engle, D. L.,Melack, J.M., Doyle, R. D. & Fisher, T. R.High rates of net
primary production and turnover offloating grasses on the Amazon
floodplain: implications for aquatic respiration and regional CO2
flux. Glob. Change Biol. 14, 369–381 (2008).

60. Potter, C., Melack, J. M. & Engle, D. Modeling methane emissions
from Amazon floodplain ecosystems. Wetlands 34, 501–511 (2014).

61. Segers, R. Methane production and methane consumption: a
review of processes underlying wetland methane fluxes. Bio-
geochemistry 41, 23–51 (1998).

62. Sobek, S. et al. Organic carbon burial efficiency in lake sediments
controlled by oxygen exposure time and sediment source. Limnol.
Oceanogr. 54, 2243–2254 (2009).

63. Junk, W. J., Bayley, P. B. & Sparks, R. E. The flood pulse concept in
river-floodplain systems. Can. Spec. Publ. Fish. Aquat. Sci. 106,
110–127 (1989).

64. Wohl, E. An integrative conceptualization of floodplain storage.
Rev. Geophys. 59, e2020RG000724 (2021).

65. Li, F., Shan, Y., Huang, S., Liu, C. & Liu, X. Flow depth, velocity, and
sediment motions in a straight widened channel with vegetated
floodplains. Environ. Fluid Mech. 21, 483–501 (2021).

66. Soler, M., Colomer, J., Serra, T., Casamitjana, X. & Folkard, A. M.
Sediment deposition from turbidity currents in simulated aquatic
vegetation canopies. Sedimentology 64, 1132–1146 (2017).

67. Pfeiffer, A. M., Collins, B. D., Anderson, S. W., Montgomery, D. R. &
Istanbulluoglu, E. River bed elevation variability reflects sediment
supply, rather than peak flows, in the uplands of Washington state.
Water Resour. Res. 55, 6795–6810 (2019).

68. Parrinello,G.&Kondolf, G.M. The social life of sediment.WaterHist.
13, 1–12 (2021).

69. Popović, P., Devauchelle, O., Abramian, A. & Lajeunesse, E. Sedi-
ment load determines the shape of rivers. Proc. Natl Acad. Sci. 118,
e2111215118 (2021).

70. Bouchez, J. et al. Source, transport and fluxes of Amazon River
particulate organic carbon: Insights from river sediment depth-
profiles. Geochim. et. Cosmochim. Acta 133, 280–298 (2014).

71. Repasch, M. et al. Sediment transit time and floodplain storage
dynamics in alluvial rivers revealed by meteoric 10be. J. Geophys.
Res. Earth Surf. 125, e2019JF005419 (2020).

72. Fleischmann, A. S. et al. How much inundation occurs in the Ama-
zon River basin? Remote Sens. Environ. 278, 113099 (2022).

73. Forsberg, B. R., Devol, A. H., Richey, J. E., Martinelli, L. A. & Dos
Santos, H. Factors controlling nutrient concentrations in Amazon
floodplain lakes 1. Limnol. Oceanogr. 33, 41–56 (1988).

74. Sobrinho, R. L. et al. Spatial and seasonal contrasts of sedimentary
organic matter in floodplain lakes of the central Amazon basin.
Biogeosciences 13, 467–482 (2016).

75. Trigg, M. A., Bates, P. D., Wilson, M. D., Schumann, G. & Baugh, C.
Floodplain channel morphology and networks of the middle Ama-
zon river. Water Resour. Res. 48 (2012).

76. Lehner, B. & Grill, G. Global river hydrography and network routing:
baseline data and new approaches to study the world’s large river
systems. Hydrol. Process. 27, 2171–2186 (2013).

77. Murguia-Flores, F., Jaramillo, V. & Gallego-Sala, A. Assessing
methane emissions from tropical wetlands: uncertainties from
natural variability and drivers at the global scale. Glob. Bio-
geochem. Cycles 37, e2022GB007601 (2023).

Article https://doi.org/10.1038/s41467-025-57495-1

Nature Communications |         (2025) 16:3148 11

www.nature.com/naturecommunications


78. Saunois, M. et al. The global methane budget 2000–2017. Earth
Syst. Sci. Data Discuss. 2019, 1–136 (2019).

79. Guilhen, J. et al. Denitrification and associated nitrous oxide and
carbon dioxide emissions from the Amazonian wetlands. Bio-
geosciences 17, 4297–4311 (2020).

80. Petsch, D. K., Cionek, Vd. M., Thomaz, S. M. & Dos Santos, N. C. L.
Ecosystem services provided by river-floodplain ecosystems.
Hydrobiologia 850, 2563–2584 (2023).

81. Herbst, T., Fuchs, M., Liebner, S. & Treat, C. C. Carbon stocks and
potential greenhouse gas production of permafrost-affected active
floodplains in the Lena River Delta. J. Geophys. Res.: Biogeosci. 129,
e2023JG007590 (2024).

82. Hervouet, J.-M. A high resolution 2-d dam-break model using par-
allelization. Hydrol. Process. 14, 2211–2230 (2000).

83. Tassi, P. et al. GAIA-a unified framework for sediment transport and
bed evolution in rivers, coastal seas and transitional waters in the
TELEMAC-MASCARET modelling system. Environ. Model. Softw.
159, 105544 (2023).

84. Partheniades, E. Erosion and deposition of cohesive soils. J.
Hydraulics Div. 91, 105–139 (1965).

85. Wu, W. Computational river dynamics (CRC Press, 2007).
86. Simard, M., Pinto, N., Fisher, J. B. & Baccini, A. Mapping forest

canopy height globally with spaceborne lidar. J. Geophys. Res.
Biogeosci. 116 (2011).

87. Arcement, J. G. J. & Schneider, V. R. Guide for selecting manning’s
roughness coefficients for natural channels and flood plains.
Technical Report FHWA-TS-84-204, Geological Survey Water-
Supply, United States Government Printing Office, Washington,
USA https://doi.org/10.3133/wsp2339 (1989).

88. Bouchez, J. et al. Prediction of depth-integrated fluxes of
suspended sediment in the Amazon River: Particle
aggregation as a complicating factor. Hydrol. Process. 25,
778–794 (2011).

89. Moreira-Turcq, P. et al. Carbon sedimentation at Lago Grande de
Curuai, a floodplain lake in the low Amazon region: insights into
sedimentation rates. Palaeogeogr. Palaeoclimatol. Palaeoecol. 214,
27–40 (2004).

90. Lamb, M. P. et al. Mud in rivers transported as flocculated and
suspended bed material. Nat. Geosci. 13, 566–570 (2020).

91. Hess, L. et al. LBA-ECO LC-07 Wetland Extent, Vegetation, and
Inundation: Lowland Amazon Basin. https://doi.org/10.3334/
ORNLDAAC/1284 (2015).

92. Mayorga, E. and Logsdon, M.G. and Ballester, M.V.R. and
Richey, J.E. Lba-eco cd-06 amazon river basin land and stream
drainage direction maps. Data set. Available online from Oak
Ridge National Laboratory Distributed Active Archive Center,
Oak Ridge, Tennessee, USA. https://doi.org/10.3334/
ORNLDAAC/1086 (2012).

93. Almeida, R. M. et al. Limnological effects of a large Amazonian run-
of-river dam on the main river and drowned tributary valleys. Sci.
Rep. 9, 16846 (2019).

94. Ayes Rivera, I. et al. Decline of fine suspended sediments in the
Madeira River basin (2003–2017). Water 11, 514 (2019).

95. Latrubesse, E. M. et al. Damming the rivers of the Amazon basin.
Nature 546, 363–369 (2017).

96. Bianchi, T. S. et al. Centers of organic carbon burial and oxi-
dation at the land-ocean interface. Org. Geochem. 115,
138–155 (2018).

97. Running, S. & Zhao, M. MOD17A3HGF MODIS/Terra Net Primary
Production Gap-Filled Yearly L4 Global 500 m SIN Grid V006.
https://doi.org/10.5067/MODIS/MOD17A3HGF.006 (2019).

98. Reyer, C. P. et al. ISIMIP2a Simulation Data from the Global Biomes
Sector (v2.0). https://doi.org/10.48364/ISIMIP.721480 (2023).

Acknowledgements
This work was supported by the Scientific Discovery through Advanced
Computing 5 (Capturing theDynamics of Compound Flooding in E3SM),
funded by the U.S. Department of Energy, Office of Science, Office of
Biological and Environmental Research. The Pacific Northwest National
Laboratory is operated by Battelle for the U.S. Department of Energy
under Contract DE-AC05-76RLO1830. João Henrique Fernandes Amaral
acknowledges the support of Conselho Nacional de Pesquisa e Desen-
volvimento—Ministério da Ciência Tecnologia (CNPq/MCTI); CNPq/LBA-
Edital.68/2013, processo, 458036/2013-7, CNPq-Universal pro-
cesso.482004/2012-6.

Author contributions
D.F. and Z.T. designed the study, performed hydrodynamic-sediment
modeling, conducted the analyses, andwrote the initialmanuscript. S.P.
andM.B. set up the hydrodynamicmodel. D.X. andG.B. investigated the
results. J.A. and A.F. processed the sediment data. All authors partici-
pated in technical discussions and manuscript editing.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains
supplementary material available at
https://doi.org/10.1038/s41467-025-57495-1.

Correspondence and requests for materials should be addressed to
Dongyu Feng or Zeli Tan.

Peer review information Nature Communications thanks Jonathan
Czuba and the other, anonymous, reviewer(s) for their contribution to
the peer review of this work. A peer review file is available.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jur-
isdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by/4.0/.

© Battelle Memorial Institute, and Sebastien Pinel, Joao Henrique Fer-
nandes Amaral, Alice Fassoni-Andrade, Marie-Paule Bonnet 2025

Article https://doi.org/10.1038/s41467-025-57495-1

Nature Communications |         (2025) 16:3148 12

https://doi.org/10.3133/wsp2339
https://doi.org/10.3334/ORNLDAAC/1284
https://doi.org/10.3334/ORNLDAAC/1284
https://doi.org/10.3334/ORNLDAAC/1086
https://doi.org/10.3334/ORNLDAAC/1086
https://doi.org/10.5067/MODIS/MOD17A3HGF.006
https://doi.org/10.48364/ISIMIP.721480
https://doi.org/10.1038/s41467-025-57495-1
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
www.nature.com/naturecommunications

	Drivers and impacts of sediment deposition in Amazonian floodplains
	Results
	Discussion
	Sediment deposition in Amazon/Solimões floodplains
	Implications for carbon cycling

	Methods
	Hydrodynamic-sediment coupled model
	Anthropogenic disturbance
	Carbon dynamics

	Data availability
	Code availability
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




