10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

Supplementary information
Sustained increase in suspended sediments near global river deltas

over the past two decades

Supplementary Figures 1-14
Supplementary Tables 1-3

Supplementary Notes 1



38

39

40
41
42
43
44
45
46
47
48
49
50
51
52
53

Supplementary Figures

a 120°W 60°W 0° 60°E 120°E
60°NH
Pt
¥
*
¢ 30°N
»
PR (N=64)
o YR (N=99) 3 0°]
YECS (N=150) 3
+ CCRRS (N=1267) ol
* SeaSWIR (N=137)  * 80°3
AquaSat (N=10686)
100 T Tn-situ SSC<50 mg/L 1000 F¢ 50<In-situ SSC=500 mglL
i N=496 © © ZadB© - N=13 o
> n
2 101 5 .
QO o) o o o
) 100 + O 0
w % [ o o ©
g 1 o ~ El (o]
£ 0 RMSE(%)=24.87 7 RMSE (%)=49.06
MRE(%)=49.51 - MRE(%)=53.86
01 Mean ratio=1.09+0.47 10 Mean ratio=0.74+0.46
1 10 100 100 1000
Estimated SSC (mg/L) Estimated SSC (mg/L)
- 1000
1000 ' — s
[ RMSE(%)=24.90 g =5 Mean ratio=1.41+0.83
5100 +MRE(%)=24.56 0 ° o 2 N=227
o E 0@ = 100
E : o
% 10 @
%] E 2
= [ o 10 ;i
2o 1 e 1:1 Line e ----1:1 Line
- E ° Mean ratio=1.09+0.47 g
N=509
0.1 1 10 100 1000 10 100 1000

Supplementary Figure 1 | Sampling locations of in-situ suspended sediment concentration
(SSC) and validation of SSC inversion models used in this study. (a). Locations of the in-situ
SSC datasets used in this study. The number of samples utilized in each dataset is indicated in
brackets; (b-d). Accuracy assessments of applying the SSC inversion model used in this study to
clear (< 50 mg/L) (b) and turbid water (50-500 mg/L) (c), as well as the total accuracy of this model
(d). The mean ratio between in-situ SSC and MODIS-derived SSC is annotated; (e). A comparison
between the multi-year (2016-2020) average MODIS-derived SSC (500 m resolution) in this study

Estimated SSC (mg/L)

and the OLCI-derived SSC (4 km resolution).

Mean MODIS-derived SSC (mg/L)
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Supplementary Figure 2 | Long-term mean suspended sediment concentration (SSC) for 349
deltas with different delta morphologies. (a-f). Examples of SSC for three delta morphologies,
including river-dominated (Mississippi, USA), wave-dominated (San Francisco, Brazil), and tide-
dominated (Fly, New Guinea). True color images collected from Landsat 8 (a-c) and the
corresponding long-term mean MODIS-derived SSC(d-f) were displayed; (g). Locations of 349
deltas with different morphologies were included in our study.
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Supplementary Figure 3 | Spatial distributions of suspended sediment concentration (SSC)
generated in this study and the spatial variations of river sediment plume area (RPA, unit:
km?) in various deltas. (a-l). Spatial distributions of SSC in the following rivers: Yangtze, China
(a-b), Mississippi, USA (c-d), Mekong, Vietnam (e-f), Rio de la Plata, Argentina (g-h), Nile, Egypt
(i), and San Francisco, Brazil (k-1). True color images and SSC were derived from MODIS 8-day
surface reflectance products. The MODIS sensors (Terra or Aqua), image dates, and delta names are
annotated; (m-p). Comparisons of variations of monthly RPA and mean SSC in Yangtze and Rio de
la Plata at different periods with different hydrodynamics. The RPA (red polygon) is defined as the
extent where the monthly mean SSC exceeds a specific SSC threshold (Methods, Extended Data
Fig. 14) determined for each river mouth. The time, RPA, mean SSC, along with monthly maximum
tidal range (MRT, unit: in m), maximum wave height (MWH, unit: in m), mean salinity (unit: in %),
and mean water discharge (WD, unit: m3/s) was tagged.
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Supplementary Figure 4 | Box plots of long-term mean RPA (river sediment plume area, unit:
km?) in different continents (AF: Africa; AS: Asia; EU: Europe; NA: North America; OC:
Oceania; SA: South America), different delta morphologies, and Arctic (latitude >50°N) and
non-Arctic deltas. The RPA indicates the extent where the monthly mean suspended sediment
concentration (SSC) over a specific SSC threshold (see Methods). The box plots in (a-c) show the
distributions (10, 25, 50, 75, and 90%) of RPA.
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Supplementary Figure 5 | Long-term trends in the delta coastal suspended sediment
concentration (SSC) and river sediment plume area (RPA) across six continents. (a-f).
Variations in monthly mean SSC and RPA , along with their long-term change trends. The orange
and blue dash lines represent the long-term trends of SSC and RPA, respectively. These trends
were derived based on long-term monthly anomaly SSC and RPA, which were estimated as the
difference between the monthly mean SSC and RPA and their long-term average for that month
(see Methods). The Sen’s slope and p-value obtained from the Mann-Kendall test are annotated.
AF: Africa; AS: Asia; EU: Europe; NA: North America; OC: Oceania; SA: South America.
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Supplementary Figure 6 | Comparison of the change rates of suspended sediment
concentration (SSC) and river sediment plume area (RPA) between the Arctic (latitude >50°
N) and non-Arctic river deltas, as well as different delta morphologies. (a-b). Density
histograms of the change rates (Sen’s slope from Mann-Kendall test) of SSC (a) and RPA (b) in
Arctic and non-Arctic river deltas; (¢-d). Density histograms of the change rates of SSC (a) and RPA
(b) among different delta morphologies. The bar chart in the panel illustrates the percentage of deltas
presenting different change trends (significant increase or decrease, increase or decrease). The mean
change rates for SSC and RPA are indicated in parentheses following the legend. All plots were
generated using Origin 2021.
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Supplementary Figure 7 | Trends of global coastal river sediment plume area (RPA) between
2000 and 2020. (a). Spatial patterns of the RPA trends (Mann-Kendall test, method) in 349 deltas.
The latitudinal profiles exhibit the percentages of deltas with significant (»<0.05) and insignificant
RPA change trends (increase or decrease); (b-c). The monthly mean variations of RPAs and their
long-term trends for Mekong (b), Yangtze (c), Mississippi (d), and Ord (e). The blue dash line
represents the long-term trend of RPA. This trend was derived based on long-term monthly anomaly
RPA, calculated as the difference between the monthly mean RPA and its long-term average for that
month (see Methods). The Sen’s slope and p-value obtained from the Mann-Kendall test are

annotated.
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Supplementary Figure 8 | Relationships between long-term monthly mean suspended
sediment concentration (SSC), Qriver, Qtides Qwave, and salinity. (a). Correlation relationships
between seasonal variations of SSC and Qriver, Qtides Qwave, and salinity for the Ramu delta, Papua
New Guinea. The Pearson correlation coefficients (#) and P values (p) were annotated; (b). Statistics
for significant and insignificant correlation relationships (positive or negative) between long-term
monthly mean SSC and Qriver, Qtide, Qwave, and salinity for 139 deltas. The correlation analysis was

conducted using R 3.3.0.
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Supplementary Figure 9 | Long-term changes of Qviver, Qtide, Qwave, and salinity of global deltas.
(a-c). Distribution of long-term annual changes of Qriver, Qtide, and Qwave in 186 river deltas. Trends
were analyzed from 2000 to 2020; (d). Long-term variations of salinity for 139 deltas from 2000 to
2020. The change rate is represented by Sen’s slope from the Mann-Kendall test. The left chart of
each panel displays the number of deltas with different changing trends. Sig. Inc.: significant
(»<0.05) increase; Sig. Dec.: significant (p<0.05) decrease; Inc.: Increase; Dec.: Decrease.
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Supplementary Figure 10 | Relationships between long-term mean river sediment plume area
(RPA), Qrivers Qtides Qwave, and salinity. (a-d). The relationships between RPA and (a) Qriver, (b)
Qtides (€) Qwave, and (d) salinity. The number of deltas (n), correlation coefficients (r) and P values
(p) were annotated. The correlation coefficients are based on the logarithm-transformed RPA and
different factors. The relationships between RPA and Qriver, Qtide, and Qwave Were conducted for 189
deltas, while due to the data availability, relationships between RAP and salinity were only
conducted for 139 deltas. The correlation analysis was conducted using R 3.3.0.
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Supplementary Figure 11 | Change trends of wetland and delta coastal suspended sediment
concentration (SSC) between 2000 and 2020 for 180 deltas. Spatial patterns of the trends
(increase or decrease) in wetland areas and delta coastal SSC. Due to the availability of wetland
data, only 180 deltas were examined. The left bar chart shows the counts of deltas with different
combinations of changing trends between SSC and wetland areas. The upward arrow (‘ 1 )

represents an increasing trend, while the downward arrow(‘ | ”) indicates a decreasing trend.
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197 Supplementary
198 December 2020) between MODIS-derived suspended sediment concentration (SSC) in this
199 study and the corresponding OLCI-derived SSC among different river deltas (ranging from
200  clear to turbid). The mean ratio in (a-d) represents the ratio of MODIS SSC and OLCI SSC.
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igure 12 | Comparisons of monthly mean time series (from April 2016 to
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Supplementary Figure 13 | Comparison of monthly mean suspended sediment concentration

(SSC) in the Yangtze and Ebro based on the Yu_adapted algorithm and MODIS Terra and
Aqua surface reflectance data. The mean and standard deviation of the monthly mean ratios

204
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between Terra and Aqua, as well as the multi-year average SSC for both estuaries, are provided.
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209 Supplementary Figure 14 | Flow chart for study region determination near deltaic coast.
210  Working steps in the determination of coastal study region near delta based on MODIS derived
211  suspended sediment concentration (SSC).
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Supplementary Tables

Supplementary Table 1 | Accuracy of the Han_adapted (adapted from Han et al., (2016)),
Feng_adapted (adapted from Feng et al., (2014)) and Yu_adapted (adapted from Yu et al.,
(2019)) algorithm used in this study at various suspended sediment concentration (SSC) levels.
The number (n) in parentheses represents the sample size.

Han_adapted Feng_adapted Yu_adapted
RMSE(%) MRE(%) RMSE(% ) MRE(%) RMSE(%) MRE(%)
SSC<50 mg/L (n=496) 63.23 78.53 28.51 53.68 24.87 49,51
500>=SSC>=50 mg/L (n=13) 68.94 60.32 48.64 64.28 49.06 53.86
Total 56.04 51.93 28.64 29.08 24.90 24.56




Supplementary Table 2 | Comparison of the ranges of SSC derived by MODIS in this study with the suspended sediment concentration (SSC) collected from

other publications for 31 delta coasts. The SSC ranges in this study represent the minimum and maximum monthly mean SSC from 2000-2020, while the SSC ranges

in others are the records collected from existing publications.

Name This study Others
Dates Sensors SSC (mg/L) Dates Sensors/In situ SSC (mg/L) References
Ebro 2000.02-2020.12 MODIS 1.8-16.9 1997.06-10 In situ 0.98-2.8 Lahet et al. (2000, 2001)
Adour 2000.02-2020.12 MODIS 2.1-33.0 2007.7.14 In situ 0.3-145.6 Petus et al. (2010)
Atchafalaya 2000.02-2020.12 MODIS 27.1-305.1 1980-2015 In situ 133.0-249.0  Mize etal. (2018)
Apalachicola 2000.02-2020.12 MODIS 11.8-201.8 2008.10.11 MODIS 2.5-67.8 Chen et al. (2011)
Arno 2000.02-2020.12 MODIS 1.9-18.8 1991.1 Landsat 0.0-36.0 Nicolini et al. (1999)
Chikugo 2000.02-2020.12 MODIS 15.7-55.2 2010.09 In situ 37.2-1249.6  Azhikodan et al. (2016)
Danshui 2000.02-2020.12 MODIS 2.2-20.2 1997.11 In situ 39.0 Xu et al. (2012)
Ouillon et al. (1997)
Rhone 2000.02-2020.12 MODIS 2.4-50.8 1994.11;2010.03 SPOT; MERIS 0.5-40.0 o
Lorthiois et al. (2012)
Orinoco 2000.02-2020.12 MODIS 73.3-252.8 2001-2016 MODIS 11.0-290.0 Gallay et al. (2019)
Oujiang 2000.02-2020.12 MODIS 46.2-391.2 2009.10.14 In situ 10.0-320.0 Chen et al. (2013)
. 2000.07&12; )
San Francisco 2000.02-2020.12 MODIS 4.4-51.0 Landsat 6.5-12.6 Olivera et al. (2012)

2001.02&09
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MODIS

3.7-365.5

9.3-64.0

7.4-67.9

13.7-75.2

6.2-106.9

6.2-47.4

17.1-111.7

13.6-91.2

12.5-275.1

6.28-291.5

11.8-88.3

43.0-474.0

33.5-156.2

29.8-190.2

19.2-166.1

2001.11;
2005.03;
2016.03

2014.09-10

2010.03 &11

2003-2015

1988.05&06

2003-2017

1989.03 & 04 & 10;
2011.04-07

1983

2003-2018

2000-2010

2008-2009

2002-2012

1992

2009.08;2010.03

1989.01,1991.07 &09

Landsat

In situ

In situ

MODIS

In situ

MODIS

AVHRR; MODIS

In situ

MODIS

Landsat; MODIS

MODIS

MODIS

In situ

In situ

Landsat

0.0-300.0

10.0-50.0

4.0-16.0

0.0-100.0

53.0-190.0

99.9-257.1

10.0-3500.0

10.0-500.0

50.0-250.0

1.0-500.0

10.0-100.0

10.0-100.0

500.0-
3000.0

28.0-3060.0

200.0-
1710.0

Shahzad et al. (2018)

Flores et al. (2017)
Szymczak et al. (2013)
Zhang et al. (2018)

Kostaschuk et al. (1993)

Torregroza-Espinosa et al. (2020)

Walkere et al. (1996);
Falcini et al. (2012)
Dalai et al. (2005);
Cheevaporn et al. (2003)

Jayaram et al. (2020)

Zhang et al. (2014)

Vanhellemont et al. (2014)

Moreira et al. (2013)

Wolanski et al. (1996)

Papenmeier et al. (2012)

Islam et al. (2002)



Mekong

Amazon
Mahi
Yangtze

Yangon

2000.02-2020.12

2000.02-2020.12

2000.02-2020.12

2000.02-2020.12

2000.02-2020.12

MODIS

MODIS

MODIS

MODIS

MODIS

31.6-450.5

3.6-416.4

144.0-497.5

36.1-333.6

57.5-462.2

2014-2015

2000-2013

2004-2008

2002.05

Lamdsat; MODIS;
RapidEye

MODIS
In situ
MERIS

Oceansat-1

50.0-300.0

150.0-600.0

2.7-1200.0

300.0-500.0

15.0-500.0

Wackerman et al. (2017)

Gensac et al. (2016)
Mitra et al. (2021)
Shen et al. (2010)

Ramaswamy et al. (2004)




Supplementary Table 3 | Correlation analyses and multiple general linear model (GLM) analyses between suspended sediment concentration (SSC) and
different driving factors in 139 river deltas. The correlation coefficients between SSC and four drivers (Quiver, Qtide, Qwave, and Salinity) and the contributions
of these four drivers to SSC changes were listed.

River name Lat. Lon. Continents Type Correlation coefficients Mean Sq Contributions (%)

Qriver Qtide Qwave Salinity Qriver Qtide Qwave Salinity Residuals Qriver Qtide Qwave Salinity Residuals

Baitarani 20.79 86.99 Asia river 0.00 -0.13 0.07 0.19 457.69 4234 38.55 9.44 9472 7121 6.59 6.00 147 14.74
Batang Hari -0.97 104.22 Asia river 027 -0.25 -0.63* 020 11276 13049 64.07 380.64 58.32 1511 1749 859 51.00 7.81
Betsiboka -15.84 46.28 Africa river 032 030 0.02 003 201560 29290  0.46 50.75 1075.19 58.68 8.53 0.01 1.48 31.30
Daugava 57.12 24.02 Europe river -0.05 -0.08 -0.06 -0.25 2.79 63.40 72.63 0.03 63.05 1.38 31.40 3597 0.01 31.23
Dnipro 46.52 3223 Europe river 023 025 -0.15 -0.13 4.29 0.53 1.38 0.01 4.82 3895 4.81 1250 0.05 43.69
Don 47.15 39.19 Europe river 0.51*% 031 0.52* -0.15  89.48 1.20 8.15 58.77 12.66  52.55*% 0.70 479 3452 7.43
Dong Nai 10.37 106.82 Asia tide 0.07 0.09 -0.01 0.61* 0.03 4.17 308.79  0.12 31.71 0.01 1.21 89.55 0.04 9.19
Ebro 40.71 0.76 Europe river 0.39*% 032 -026 0.09 2.70 0.19 0.09 0.50 0.92 61.40 426 205 1138 2091
Ehncen 70.83 83.44 Asia river -0.08 -0.09 0.19 -0.30 17.37 296 22032 15457 12926 331 056 42.01 2947  24.65
Elbe 539 884 Europe tide 0.02 036 -0.04 -0.15 1.70 44399 2453  267.78 166.41  0.19 49.09 271 2961 18.40
Ganges 228 90.72 Asia tidle 027 030 -0.04 0.11 25.49 10.62 0.36 0.07 1920 4572 19.05 0.65 0.13 34.44
Godavari 16.75 819 Asia river -0.10 -0.12 0.17  0.17 2.73 13.77 14.40 8.83 16.26 487 2459 2572 1577  29.05
Haihe 38.97 117.78 Asia river 0.79% 0.72* -0.24 0.54* 4023.80 1106.10 227.00 234.80 5820  71.22* 19.58* 4.02 4.16* 1.03
Hanjiang 23.44 116.88 Asia river 0.51*% 0.53* -0.15 -0.25 116.81 10.06  43.39 1.04 17.84  61.76* 532 2294 0.5 9.43
Hooghly 21.95 88.05 Asia wave 0.19 026 0.03 0.07 35.53 157.72 33.29 0.00 49.12 12.89 5722 12.08 0.00 17.82
Huanghe 37.74 118.77 Asia river 0.65* 0.63* 0.53* 0.32 114143 126.63 406.53  0.09 65.03  65.61* 7.28 23.37* 0.01 3.74
Irrawaddy 18.09 95.42 Asia tide 0.12 043* 0.02 0.12 14.84 20.80 0.38 0.03 4.77 36.35 50.97* 092  0.07 11.69
Kajiayanhe 18.41 121.62 Asia wave 035 036 -021 0.22 0.46 51.39 1722 2198 19.57 041 46.46 1557 19.87 17.69
Kynon 66.21 43.69 Europe tide -0.40* -0.36 0.35 -0.19 377.41 26137 001 204.86 91.44 40.36* 2795 0.00 2191 9.78

La Dordogne 456 -1.14 Europe tide 026 0.37* -030 -0.53* 2105.24 610.79 530.05 511.77 123.04  54.25 15.74* 13.66 13.19*  3.17



Larang
Le Congo
Limpopo

Loire
Mahanadi
Mahi
Mangoky

Mekong
Minjiang
Narmada

Niger

Nile

Ohra
Onehek
Orange

Pearl

Peka Tynoma
Pinega
Po
Podolian Upland

Puer

Pungwe
Qiantang

Rhone

Rio Guadiana

-6.02

-25.18

47.18

20.45

22.22

-21.41

10.93

26.09

21.62

30.14

63.96

73.15

-28.62

22.73

69.36

64.67

44.98

46.62

67.61

-19.83

30.31

43.33

37.14

111.18

12.29

33.52

-2.33

85.67

72.56

43.43

105.18

119.67

72.58

31.18

37.95

119.48

16.46

113.64

33.56

39.79

12.04

31.95

120.96

5.08

-7.39

Asia
Africa
Africa
Europe

Asia

Asia
Africa

Asia

Asia

Asia
Africa
Africa
Europe

Asia
Africa

Asia
Europe
Europe
Europe
Europe

Asia
Africa

Asia
Europe

Europe

river
river
tide
tide
tide
river
wave
tide
wave
tide
river
wave
river
river
tide
river
wave
river
river
river
river
wave
river
river

tide

-0.57*
0.03
0.75*
0.50%*
0.06
-0.07
0.27
0.18
0.24
-0.23
0.53*
0.32
-0.24
0.04
0.72%*
0.54*
-0.12
0.14
0.52*
0.22
-0.23
0.21
-0.48*
0.56*

0.75%

-0.59*
0.11
0.76*
0.54*
0.06
-0.06
0.32
0.18
0.20
-0.23
0.51*
0.27
-0.13
-0.02
0.63*
0.56*
-0.22
0.15
0.51%*
0.22
-0.28
0.24
-0.47*
0.56*

0.75*

-0.34
-0.37*
-0.28

-0.43*

-0.49%
-0.21
-0.04
035
030
0.06
-0.05
0.61*
0.09
-0.16
-0.09
0.44*
-0.52%
0.14
025
0.53*
034
-0.07
0.11

-0.37*

0.60*

-0.11

-0.12

0.27

-0.05

-0.03

-0.08

-0.05

11.73

726.87

22.89

6.26

919.85

66.51

180.09

13.95

9.22

1.54

750.09

38.26

335.41

82.62

6.03

48.86

45.25

2.71

744.50

53.19

1299.14

45.00

58.93

56.23

900.24

166.25

71.41

50.27

293.12

50.77

437.45

174.94

0.16

2716.02

105.73

14.09

16.34

32.72

97.50

943.69

96.64

0.06

0.48

17.94 2535
163.94  454.33
3729  140.34
0.38 57.718
15.58 16.99
569.82 545.58
16.18  29.19
41192 22.66
31.03  241.64
89.24  849.56
48.57  27.57
0.93 0.31
26.73 194231
3.49 106.30
1.22 7.61
6.37 1.41
15.11 14.92
4.57 198.56
0.19 0.00
0.58 1.60

331.30 3715.50

949.75 1840.31

132635 17.78
721 0.59
12.81 1.73

6.83

145.07

28.88

20.68

22.24

808.48

20.19

499.94

66.99

413.75

25.08

0.75

408.22

247.84

18.47

10.97

23.93

135.57

7.67

3.11

268.90

452.52

186.21

5.58

1.90

1.55
31.55

36.48

31.57

0.77

41.71

12.84

89.02%

70.18%*

12.37
83.20%
33.74
14.43
1.25
44.40%
77.02%

77.69*

47.62*
0.61
79.69*
66.14*
0.07
245
27.57
23.87
8.90
24.25
61.30*
4.26
46.48
21.08
3.74
13.88

35.30

2.34

0.41

22.26
3.30
0.10

0.64

15.20

10.93

0.15

27.97

19.55

33.55

5.44

4.95

17.02

25.27

0.46

0.70

0.32

5.41

16.30

0.35

727

6.42

22.40

45.33

12.33

16.89*

21.47*

30.30

12.42

22.99

30.50

18.72

16.01

1.20

16.09

50.28

0.00

19.92

72.04

43.41

0.61

39.92

27.73

11.07

40.72

11.74

22.94

25.81

34.33

14.11

38.66

5.21

10.67



Rio Mino
River Gambie
Salween
Seine
Senegal
Sittaung
St George
Sungai
Tanmbipa
Tigris
Unknown
Unkonwn
Weser
Xatanhra
Yalu
Yangtze
Albert
Anadyr
Digoel
Fly
Imjin
Kelyma
Nakdonggang
Norman

Ord

41.84

13.54

16.46

49.43

17.1

44.92

75.89

30.49

34.28

58.19

53.55

7291

39.85

-17.54

64.8

-7.11

-8.47

37.79

69.5

35.06

-17.43

-15.5

-8.91

-16.62

97.39

0.09

-16.54

96.94

29.55

100.95

99.75

47.87

-6.69

-67.66

8.55

105.93

124.31

121.99

139.76

176.4

138.61

143.45

126.53

161.13

128.93

140.81

128.35

Europe
Africa
Asia
Europe
Africa
Asia
Europe
Asia
Asia
Asia
Africa
Europe
Europe
Asia
Asia
Asia
Oceania
Asia
Asia
Oceania
Asia
Asia
Asia
Oceania

Oceania

wave
river
river
wave
wave
tide
river
wave
wave
river
wave
tide
wave
river
tide
river
river
river
tide
tide
river
river
river
river

wave

0.20
0.69*
-0.16

0.21
-0.03

0.01

0.21
-0.18

0.27
-0.29
0.77*

-0.37*
0.42*
-0.08
-0.43*
0.77*
-0.08

0.13
-0.14
0.54*
-0.25
0.57*
0.84*
0.47*

-0.35

0.34
0.7*

-0.11

-0.03
-0.14
0.19
-0.30
0.24
-0.19
0.75%*

-0.35

-0.07
-0.36
0.76*
0.03
0.18
0.04
0.59*
-0.26
0.29
0.86*
0.5*

-0.22

-0.14

-0.32

0.51*

-0.26

-0.10
-0.46*
0.45*
0.60*

0.14

-0.29
-0.38*
0.50*
-0.35

-0.74*

0.28

-0.27

-0.13

-0.53*

0.27

0.23

-0.32

0.64*

0.71*

-0.33

-0.39*

1.54

97.80

167.57

5.49

0.20

2.23

7.05

316.80

309.04

861.42

304.19

2911.68

184.12

12.15

283.96

6191.10

6.47

115.12

1.14

331.80

115.65

1018.05

116.11

54.95

45.26

13.15

5.61

301.99

1028.18

48.36

827.77

70.53

37.01

223.61

193.81

184.99

367.70

105.11

77.78

351.01

9.17

8.03

8.53

2.93

16.54

101.75

35.02

5.26

1025.32

11.62

384.52

39.38

2010.20

9.29

1105.74

24.52

849.63

217.76

277.10

177.80

859.71

4.42

49.60

274.41

277.18

3.43

36.60

16.90

0.79

0.06

397.09

8.94

15.25

84.18

6.27

510.33

702.33

152.71

1.23

667.94

37.77

99.94

56.89

442.10

147.25

407.25

1.47

2.68

591

1.25

5.44

344.72

4.94

15.41

768.82

8.53

185.14

191.37

486.87

7.99

1030.78

36.40

57.33

47.92

190.60

42.58

64.85

4.27

38.48

88.67

88.50

2.09

9.24

20.74

7.84

77.96*

18.45
13.06
23.95
19.85
77.36*
50.61
36.36*
1.00
35.88%
82.90%*
1.73
6.79
8.12
57.99%
20.71
57.45%
87.78%
49.28*

46.50

66.87
4.47
23.00
132
0.63
15.87
12.37
42.40
3.75
19.08
17.94*
0.64
44.15
15.98
23.37*
492
0.19
14.62
20.94
18.37
13.93
19.81
6.93%
7.20

8.76

14.88
13.18
775
63.54%
14.48
45.87
3043
15.86
3.05
4633+
236
19.22
4.84
70.05
27.51%
371
4744
50.73*
3137
8.67
49.15
15.64*
2.59
32.82

17.36

4.04

0.05

30.24

16.21

41.95

16.41

21.04

54.42

0.31

11.61

42.39

34.39

22.33



Oxota
Penzhina
Ramu
Sepik
Tuman
Unknown
Unknown
Unknown
Victoria
Albany
Altamaha
Amazon
Apalachicola
Attawapiskat
Brazos
Cape Fear
Chowan
Connecticut
Cote Node
Courantyne
Delaware
Essequibo
Fuerte
Harricana

Hayes

59.27

62.53

-3.81

42.28

59.62

66.14

68.91

-14.89

52.28

31.31

0.45

29.72

52.98

28.89

33.86

35.99

41.25

50.11

6.2

39.31

7.06

25.76

57.07

143.1

164.68

144.68

144.56

130.72

149.12

44.05

170.43

129.52

-81.41

-81.26

-49.81

-84.96

-82.21

-95.39

-78.04

-76.64

-72.33

-61.83

-57.05

-75.39

-58.34

-109.4

-79.81

-92.15

Asia
Asia
Oceania
Oceania
Asia
Asia
Asia
Asia
Oceania
North America
North America
South America
North America
North America
North America
North America
North America
North America
North America
South America
North America
South America
North America
North America

North America

wave
tide
river
river
wave
wave
wave
River
tide
river
tide
tide
wave
wave
river
tide
river
wave
wave
wave
tide
river
wave
wave

wave

0.66*
0.40%*
0.12
-0.03
0.16
0.67*
-0.22
0.26
0.14
0.27
0.67*
0.74*
0.65*
0.40*
0.71%*
0.25
0.50%*
0.34
0.16
0.14
-0.02
0.65*
0.16

0.66*

0.68*

-0.17
0.49*
-0.19
-0.14

-0.22

-0.37*
-0.10
-0.33

-0.38*
-0.24
-0.14

-0.13

0.41*
-0.57*
0.16

-0.42*

026 029 0.02

0.29
-0.43*
-0.46*

-0.02

-0.12
-0.02

0.22

0.12
-0.04

-0.02

0.51%*

-0.01

0.42%*
0.53%*
-0.06
-0.11

-0.29

104.69

67.43

0.87

0.09

21.08

500.16

9.46

89.96

261.07

769.14

699.60

5357.60

439.81

3888.40

830.30

17.37

2534.49

1.70

1.31

115.16

0.00

4402.50

3.27

29739.20

230.13

225.77

221.67

1039.67

185.03

32.60

29.47

1003.50

269.53

16.93

164.82

0.28

1.00

1984.54

11.54

3.50

3.05

3150.10

76.77

2.51

26.99

1.71

92.20

63.70

20.87

0.00

0.12

268.03

202.78

0.18

41.80

200.10

15.20

0.00

214.92

2.34

0.75

26.65

41.86

98.00

0.23

1545.00 10111.50

285.52

15.94

15.76

0.98

2.54

10.04

5.95

126.19

574.20

353.12

23.71

12.50

53.64

150.50

20.34

45.85

274.13

0.18

0.55

26.59

28.10

3.87

0.06

6.84

18.51

3.24

31.97

14.46

36.99

11.71

58.83

694.26

497.29

39.59

266.60

33.01

1202.10

32.51

12.86

442.49

0.61

2.82

226.70

10.11

374.40

7.75

1499.20

170.45

77.86*
47.34%
8.88
0.05
18.48
87.96%
34.23
17.96
12.93
26.87
73.79%
93.81*
78.36*
60.34%*
71.09*
18.67
69.80%*
33.32
20.43
4.88
0.00
89.73*
18.01
64.59%

30.16

3.32
9.66
30.72
26.49
6.97
0.10
1.89
45.08
10.98
36.33
19.52*
0.57
5.25
15.57
23.08%*
18.20
4.54
5.45
15.58
84.15
12.81
0.07
16.79
6.84

10.06

18.95
17.41
53.45
55.85
3.67
0.00
0.02
13.27
7.09
0.02
0.73
0.96
3.10
1.30
0.00
5.92
45.80
11.64
1.13
46.46*
2.00

1.25

37.42

11.86

11.06

10.01

1.47

1.77

21.53

25.19

28.44

12.34

0.23

29.51

0.57

21.31

21.96

0.01

12.99

32.98

18.53

12.68

42.36

11.75

34.38

17.38

13.83

12.19

12.00

43.87



James
Unknown
Jequitinhonha
Kitikmeot
Koksoak
Kuskokwim
Machenzie
Magdalena
Maroni
Mississippi
Moisie
Moose
Nelson
Norddu Quebec
Rio de la Plata
Potomac
Ribeira de Iguape
Rio Biobio
Riode Contas
Rio Doce
Rio Grijalva
Rio Guama
Rio Guayas
Rio Lempa

Rio Maule

37.07

52.23

-15.85

66.86

58.56

59.84

69.36

11.01

29.62

50.18

51.39

57.06

53.85

-33.72

38

-24.7

-36.83

-14.26

-19.63

18.61

-1.16

13.23

-353

-76.6

-78.61

-38.83

-108.1

-68.15

-162.4

-133.9

-74.78

-53.95

-89.9

-66.06

-80.36

-92.53

-79.11

-59.29

-76.35

-47.41

-73.21

-38.97

-39.78

-92.7

-48.51

-79.92

-88.84

-72.43

North America
North America
South America
North America
North America
North America
North America
South America
South America
North America
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Supplementary Notes

Supplementary Note 1: Accuracy assessments for typical existing suspended
sediment concentration (SSC) inversion algorithms

Over the past decades, near-surface SSC retrievals in site-specific studies often relied on a
single red band (Miller and McKee 2004; Petus et al. 2014; Shi et al. 2015), which typically
demonstrated accurate estimates within relatively clear waters (e.g., SSC < 100 mg/L). Nevertheless,
in extremely turbid conditions (e.g., SSC >1000 mg/L), the red band may become insensitive to
SSC and may even exhibit a saturation effect (Luo et al. 2018; Shen et al. 2010; Shi et al. 2018; Wei
etal. 2021; Yu et al. 2019). In such cases, combining the red band with the near-infrared (NIR) band
or even shortwave infrared (SWIR) band has been a common approach for coastal SSC retrieval by
many studies (Balasubramanian et al. 2020; Doxaran et al. 2002; He et al. 2013; Zhang et al. 2010).
However, most existing algorithms were developed for a specific location with limited range of
SSCs, which limits their applicability in large-scale areas where SSCs can vary over several orders
of magnitude. To address these problems, many algorithms employed a blending scheme to smooth
the transitions between different SSC algorithm outputs, enabling accurate SSC inversions from
clear to turbid water (Dogliotti et al. 2015; Feng et al. 2014; Han et al. 2016; Novoa et al. 2017).
Nevertheless, most of these algorithms require reflectance thresholds from certain wavelengths as
blending boundaries, which vary across different studies. Recently, numerous algorithms have been
developed to seamlessly retrieve coastal SSC across clear to turbid conditions (Balasubramanian et
al. 2020; Wei et al. 2021; Yu et al. 2019), enabling the quantification of coastal sediment at a global
scale.

Herein, we initially conducted accuracy assessments for certain of these algorithms to select
the most accurate one for SSC inversion in this study. These include the algorithm from Han et al.
(2016) (hereafter as Han_adapted), Feng et al. (2014) (hereafter as Feng_adapted), and Yu et al.
(2019) (hereafter as Yu_adapted). Note that we did not evaluate the global coastal SSC algorithm
from Wei et al. (2021), primarily because it is an improvement of the algorithm in Yu et al. (2019),
which adds two additional blue bands based on the algorithm in Yu et al. (2019) to improve the SSC
inversion accuracy in clear water. However, these two blue bands are not available in MODIS
surface reflectance (SR) products. Additionally, we did not assess the global algorithm developed
by Balasubramanian et al. (2020), mainly because this algorithm heavily depends on one of the
inherent optical properties (IOP)-particulate backscattering, which cannot be directly derived from
the MODIS SR data.

The reflectance data utilized in Han et al. (2016), Feng et al. (2014), and Yu et al. (2019) were
all remote sensing reflectance (Rrs), generated using an atmospheric correction approach tailored
for ocean color application (Wang and Shi 2007). This Rrs differs from MODIS SR, which was
generated using a land-based atmospheric correction algorithm. Furthermore, the algorithm in Yu et
al. (2019) was primarily designed for VIIRS satellite data, meaning its spectral response function
for certain bands differs from that of MODIS. Consequently, we initially used our collected in-situ
measured SSC and the corresponding daily MODIS Aqua SR data to recalibrate the algorithm
parameters for these three algorithms. Subsequently, we assessed the accuracy of these algorithms.
The processing details are outlined below:



Han_adapted. We utilized the red (645 nm) and NIR (859 nm) bands from MODIS SR products to
replace the red (671 nm) and NIR (745 nm) bands in Han et al. (2016) for SSC retrieval. In the
adapted algorithm, we employed two thresholds (0.04 and 0.09) based on the red band reflectance
(Ress) as the blending boundaries. These two thresholds were determined based on the in-situ
measured SSC and the corresponding red reflectance from MODIS Aqua SR. Therefore, the
algorithm was defined as follows:

SSCeiear = A7 (A)pw(A1)/(1 — pw (A1) /C(A1)) (1)

SSCiurbia = Ar(A2)pw(A2)/(1 — pw(A2)/C(A2)) ()
Wc*SSCelear+We*SSCrurbi

SSCipa) = —o——rtea i ©)

We =logy 0.04 — log(Reas) 4)

W; = logy(Ress) —10gq0 0.03 Q)

Where A1(4) and C(1) are wavelength-dependent coefficients, with A; and A, are set to 645
and 859 nm, respectively. The values of At(1) and C(1) for 1; are 228.1 and 0.164, and for A, are
3078.9 and 0.211. These coefficients are obtained from Dogliotti et al. (2015). The parameters W,
and W, represent the weights for the SSC estimations from clear to turbid waters, respectively. These
weights are determined based on the value of Ress. Specifically, if Ress <0.04, Weis 1 and W; is 0.
Conversely, if Ress >0.09, W, is 0 and W, is 1. For Ress values between these two boundaries, W,

and W, are calculated using the formula above.

Feng adapted. We replaced the single band reflectance (645 nm) in Feng et al. (2014) with a band
ratio (Ress/Rsss, which is the ratio of SR between MODIS 645 and 555 nm bands) for sediment
retrieval in relatively clear waters. Additionally, we utilized the ratio between 859 and 645 nm
(Rss9/Reas) for sediment retrieval in highly turbid waters. The algorithm was defined as follows:

SSCow=0.82*H62*(R645/R555) ©

SSChigh=336.23*(Rss0/Re45)*+387.58*(Rsso/Ress) (7

SSChiddie=0*SSCiowB*SSChigh (8)
SSCrow (SSCLow <50 mg/L)

SSC(mg/L) = SSChigh (150 mg/L < SSCpow)

SSCMiddle (50 mg/L < SSCLOW < 150 mg/L)

Similar to Feng et al. (2014), we defined the o as In(150/SSCrow)/In(150/50), and B as
In(SSCrow /50)/In(150/50). In this adapted algorithm, the SSCyow was first calculated using Re4s/R5sss,
and then the retrieval algorithm was determined based on SSCrow. For the relatively clear water
(SSC<50 mg/L), SSCrow was adopted, and for water with SSC>150 mg/L, the SSChignh Was selected.
For the intermediate SSC values, a mixture of SSCrow and SSCryign was applied to remove the
discontinuity between these two algorithms.

Yu_adapted. The blue (Raeo), green (Rsss), red (Ress), and NIR (Rss9) bands from MODIS SR
products replaced the bands at 486, 551, 671, and 862 nm utilized in Yu et al. (2019) for SSC
inversion. A band of 745 nm used in Yu et al. (2019), which was manually aggregated, was not used



in this study. We calibrate the parameter utilized in Yu et al. (2019) using the least squares error

minimization principle, resulting in the algorithm as follows:

SSC=exp(0.859%(0.145*(Rs55/Rae9)+(5.167*(Reas/Rsss)*(Reas/(ReastRss0))+(7.244*(Rsso/Rss5)* (Rgso/
Re451Rg59))))*0.990) 9)

Subsequently, we compared the retrieved SSC from these three adapted algorithms mentioned
above with in-situ measured SSC. We found that the Yu_adapted algorithm demonstrated the highest
accuracy among the three algorithms (Supplementary Table 1). Consequently, the Yu adapted
algorithm was chosen for SSC inversion in this research.

However, we noted significant uncertainty in the Yu_adapted algorithm when applied to turbid
water bodies (i.e., >500 mg/L), possibly due to the limited number of in-situ samples from turbid
water bodies. Despite collecting a large amount of in-situ SSC data, interference from clouds and
coarse spatial resolution of MODIS led to the land adjacency effect, resulting in only a relatively
small number of in-situ data being matched with satellite observations. Given the long-term average
coastal SSC of the majority of deltas globally does not exceed 500 mg/L (Wei et al. 2021), to
mitigate the impact of high-turbidity water bodies on the algorithm, we assumed that SSC inversed
by the Yu adapted algorithm exceeding 500 mg/L would likely have considerable errors and thus
should be excluded. Therefore, only the inverted SSC lower than 500 mg/L was considered reliable
and used for further analysis. We chose 500 mg/L instead of 100 mg/L because while the monthly
mean SSC in most deltas is likely below 100 mg/L, some deltas may indeed experience high SSC
at times. Limiting SSC to 100 mg/L would therefore result in a lack of data for many of these deltas.
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