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Insights into River Sedimentation from

Satellite Temporal Gravity Field Variations g
D. Sampietro(12*), M. Capponi(1) ReD

(1) Geomatics Research & Development srl, (2) Istituto Nazionale di Geofisica e Vulcanologia (INGV)

INTRODUCTION

MR

MOTIVATIONS:

« Sediments can be used as indirect measurement of erosion (controlled by climate, tectonics and human
activities e.g. agriculture, deforestation, and sand extraction);

« Sediment shapes deltas and carries organic matter and nutrients to the ocean, which are fundamental for
marine ecosystems.

OBSERVATIONS:

 Measurements of suspended and bedload sediment transport at the mouth of every river.
« Gravity:[1]

Amazon River delta from Copernicus Sentinel-3 mission.

GRAVITY INVERSION

The expected signal is extremely small both in amplitude and geographical size. We can exploit a-priori knowledge to identify areas where sediment
accumulation is expected.

ADVECTION SIMULATION AMAZON RIVER EXAMPLE
INPUT: GRAVITY VARIATION SEDIMENTATION RATE
« Currents velocities from ECCO2 model (2007 to 2023); £, o
i We used the results = |§ : |
 Sediment load from [2]; from the a i 2 A EA
- Sediment density 2200 kg/m3; sedimentation Tz S
i} ) ) ) mOdel tO . — g 0.3 uGal/y 40 mm/y
 River discharge constant in time; =z> ? Bl
- Sediment grain size distribution ranging from 5 um to 100 1. simulate B o || 0150617y & 20 mm/y
um from [3]; expected signal © |
g O uGal/y 65°W TR - ° 0 mm/y

_ - | _ from major rivers;
- Sediment position at time 0 random close to the river

vears of GRACE-
GRACE FO data.

0 uGal/y

delta (15 samples for each diameter for each day). 2. create a mask
SEDIMENTATION MODEL and apply A a) 3
_ _ o inversion from g u
Sediment particles have same velocities of currents pIui Daz gravity trend o o _ N
vertical component given by Stokes settling velocity: Vs = 2222 derived from 20 @®s> N
18u 0Nz
O =

where Ap = (ps —py), D, is the sediment diameter u is the

seawater viscosity. Sediment particles stop when they reach
the sea bottom.

: I/‘;0.5 HGal/y

NGGM EXPECTED RESULTS CONCLUSIONS
We computed the error trend standard deviation as a function of latitude * A ten-year dataset from GRACE-FO alone is not sufficient for
and compared it with the maximum simulated river signal for different retrieving river sedimentation.
>CeNarios. . Using the complete dataset (GRACE and GRACE-FO), the SNR
_ | _ (defined as the ratio of the peak signal to three times the error) is
GRACE-GRACE-FO (JPL spherical harmonic, 7.5 years data): filtered close to 1 for the main rivers: 1.3 for the Amazon, 1.2 for the
solution employing the DDKS8 filter at spherical harmonic degree 96; Ganges and Brahmaputra, and 1.3 for the Huanghe.
GRACE-GRACE-FO (JPL spherical harmonic, about 20 years): filtered * This is achievable only using the DDKS8 filtered signal, which may
solution employing the DDKS filter at spherical harmonic degree 96; reduce the signal due to its smoothing effect.
_ _ _ _ « The NGGM dataset benefits from improved spatial resolution (from
NGGM ~scenario, analyse§ included: unfll_tered trend at spherllcal 410 km to 330 km), enhancing the maximum sediment signal.
harmonic degree 120; a filtered trend obtained by applying a moving | | | |
average (window size 300 km). « When NGGM data are filtered (using, for example, a simple moving
average of 300 km), the trend noise decreases, allowing detection
Sedimentation rate is considered retrievable if its peak signal exceeds of sediment-related gravitational signals: the SNR improves
three times the standard deviation of the error. significantly: 2.3 for the Amazon, 2.6 for the Ganges and

Brahmaputra, and 2.5 for the Huanghe—resulting in @ more robust
estimation of sediment discharge.
NGGM UNFILTERED

(7.5y) REFERENCES

4_ /\/_J-’\/—’-—’\—\/\/—/\_\—_\/\/_f\
> , 1. Mouyen, M., et al. (2018). Assessing modern river sediment
T — GRACE FO filtered . . . .
Q3f - -GRACE + GRACE FO discharge to the ocean using satellite gravimetry. Nature
e —NGGM ' :
2 NGGM FILTERED AMAZON RIVER MISSISIPI RIVER - - -NGGM filtered COmmunlcatlonS, 9(1)’ 3384.
Vol 7.5 HUANGHE RIVER - : :
52 --(--.\y) CONGO RIVER GANGE RIVER | NILE RIVER 2. Milliman, J. D., & Farnsworth, K. L. (2013). River discharge to the
'51 — e \ \ / /,___G.B‘.\F(E/fslbl)ERED coastal ocean: a global synthesis. Cambridge University Press.
Rl ~—— - ! . . .

GRACE FILTERED PELUZL RIVER | * /- 3. Lepesqueur et al. (2019). Sediment transport modelling in riverine
0 | | environments: on the importance of grain-size distribution,

-100 -80 -60 -40 -20 0 20 40 60 80 100 sediment density, and suspended sediment concentrations at the
Latitude [7] upstream boundary. Hydrology and Earth System Sciences, 23(9),
3901-3915.



mailto:Daniele.sampietro@g-red.eu

	Diapositiva 1: Insights into River Sedimentation from  Satellite Temporal Gravity Field Variations D. Sampietro(1,2,*), M. Capponi(1)   Daniele.sampietro@g-red.eu (1) Geomatics Research & Development srl, (2) Istituto Nazionale di Geofisica e Vulcanologia

