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1 Evaluation of Himalayan uplift data for regional gravity

The Indian continental plate moves at a speed of about 50mmyr−1 below the Eurasian plate (Bisht et al., 2021; Larson et al.,

1999). Over the last 40 million years, this continental collision has created the Himalayan mountain range (Fu and Freymueller,

2012), and since it is still ongoing, the Himalayan arc experiences natural hazards like landslides and earthquakes as well as

a continuous uplift (Bisht et al., 2021). Most relevant for our study, this plate collision causes an increase in land mass and

consequentially a gravity trend that could impact long-term gravimetry observations.

In order to estimate the impact of this gravity increase on trends in our study, we combine GPS data of Himalayan uplift from

three studies (Table S4, Xu et al., 2000; Fu and Freymueller, 2012; Bisht et al., 2021) and derive an estimate for the related mass

increase. We include stations that are located within the Ganges and Brahmaputra catchments and interpolate the uplift rates

between them (Figure S1). This data yields an average uplift within the catchment mountain ranges of (4.8± 2.5)mmyr−1.

At a mountain rock density of 2.67g cm−3 (Ravikumar et al., 2020; Rao et al., 2022), this represents a gravity increase of

(1.9± 1.0) · 1012 kg yr−1 currently not considered when deriving trends in terrestrial water storage (TWS) based on satellite

gravimetry.

Figure S1. Map of orogenic uplift detected at specific GPS stations (circles) in the Ganges and Brahmaputra mountain region as well as

regional uplift data based on interpolation of such station data (shaded area). Station GPS data and literature sources are listed in Table S4.

The right color bar indicates the actual uplift, while the left color bar shows the corresponding impact on gravity change in units of equivalent

water height (EWH) based on an average rock density of 2.67g cm−3.

Attempting to separate the mass change within the two catchments yields an average uplift of 5.4mmyr−1 in the Ganges

mountains and 4.6mmyr−1 in the Brahmaputra mountains. Based on the respective mountain areas, this represents a mass

increase of 0.8 · 1012 kg yr−1 in the Ganges catchment and 1.1 · 1012 kg yr−1 in the Brahmaputra catchment. However, this

data could be biased by the station selection. Three of the stations from Xu et al. (2000) yield uplift rates around 20mmyr−1.

Removing these as outliers would reduce the mass change to (1.5± 0.3) · 1012 kg yr−1. One-third of this mass increase being

located in the Ganges catchment and two-thirds being located in the Brahmaputra catchment.
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In either case, gravity change associated with Himalayan uplift processes are in the same order of magnitude as those

associated with sediment discharge and further studies should be conducted to better constrain their spatially resolved impact

and potentially separate the impact of sediment discharge and Himalayan orogeny.

2 Description of the studied rivers

Figure S2. Map of investigated catchments and river paths as well as indicated areas of mountain (elevation ≥ 1,500m) and agricultural

regions. Elevation data is from Jarvis et al. (2008), agriculture regions are from GLCNMO (2017), river paths are from GRDC (2020), and

river catchments are from Lehner and Grill (2013).

2.1 The Ganges River

The Ganges River drains a basin of 950,754km2 mainly located in India, but also including Nepal as well as parts of China

and Bangladesh (Figure 1). The river originates at the Gangotri glacier (7,010m altitude) in the Uttaranchal Himalaya close

to the Tibet-India border (Coleman, 1969; Singh, 1988), descends along the Great and Lesser Himalaya and flows southeast

across India. In Bangladesh, it confluences with the Brahmaputra River to form the river Padma, which discharges into the Bay

of Bengal (Figure 1, Figure S2). Prior to the 16th century, the majority of water from the Ganges discharged directly into the

Bay of Bengal in the western part of the river delta. Over time, the channel migrated northeast to its present position (Coleman,

1969). The total length of the main Ganges River branch from its origin to the sea is about 2,507km (Akhtar et al., 2009).

The river profile shows an initial steep decline along the mountains, followed by about 2,000km of little slope through the
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Indo-Gangetic plain (Figure S3). The basin is bounded in the north by the Himalayas and in the south by the Vindhya Range

(Singh, 1988).

2.2 The Brahmaputra River

The Brahmaputra River drains a basin of 539,989km2 within the countries of China, India, Bhutan, and Bangladesh (Figure

1, Figure S2). It originates in Tibet on the north slope of the Himalayas and initially flows eastward to the eastern end of India,

where it turns south and then west until it reaches Bangladesh, and confluences with the the Ganges River (Figure 1, Figure S2,

Coleman, 1969). The Brahmaputra is a braided river that carries similar amounts of water to the Ganges River but slightly more

sediment (Coleman, 1969). Generally flood peaks in the Brahmaputra will occur before the peaks in the Ganges (Coleman,

1969). The total length of the main Brahmaputra river branch is about 3,969km. In contrast to the Ganges river, its profile

shows a slower decline along the mountain branch for about 2,000km before the steeper decline when leaving the mountain

regions and it only flows through floodplain regions for about 1,200km before discharging into the ocean (Figure S3).

Figure S3. Profiles for the main branches of the Ganges and Brahmaputra rivers. Elevation is derived from data of Jarvis et al. (2008). River

paths are as defined in GRDC (2020).

2.3 The Meghna River

The Meghna River is often considered in combination with the Ganges and Brahmaputra rivers. These three rivers confluence

in Bangladesh (Figure 1, Figure S2) to form the Ganges-Brahmaputhra-Meghna Delta, the Earth’s largest and most populous

delta system (Paszkowski et al., 2021). However, in contrast to the Ganges and Brahmaputra rivers, which are rich in sediment,

the Meghna river originates in the Indian Naga Hills at less than 2,000m elevation and carries comparatively little sediment of

(6− 12) · 109 kg yr−1 (Rahman et al., 2018).
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2.4 The Indus River

The Indus River originates in the northern slope of the Mount Kailash, close to the Brahmaputra River origin (Figure 1,

Figure S2). It initially flows westwards and after partially circumventing the northern flanks of the Nanga Parbat-Haramosh

Massif continues flowing to the southwest before discharging into the Arabian Sea (Figure 1, Figure S2, Inam et al., 2007). It

is one of the Word’s largest rivers and its sediment is mainly eroded from the western Tibetan plateau and Karakorum (Inam

et al., 2007). Sediment discharge from the Indus River is smaller than from the Ganges and Brahmaputra rivers (Table 3). It

has been estimated that before human intervention in the years 1950 to 1960, the Indus annually carried 300 to 675 · 109 kg of

sediment of which about 250 · 109 kg reached the Indus Delta (Milliman et al., 1984). However, the installment of dams along

the river reduced the annual sediment discharge by more than 80% (Milliman and Meade, 1983; Giosan et al., 2006).

3 Challenges in data comparability and necessary assumptions

3.1 Scarcity in sediment measurements from the Indian subcontinent

Measurements of river sediment in the investigated rivers are scarce. We collected data from a variety of studies. However, most

of those studies are based on data from sampling stations at the Hardinge Bridge (Ganges River, Table S2) and in Bahadurabad

(Brahmaputra River, Table S3). Both of these stations are located after the rivers enter Bangladesh. Generally, sediment data

are from river locations close to the delta region and no data from the upper rivers are available (Figure S4). Accordingly, the

sediment discharge estimated for these stations yields an average mass loss for the catchments above those locations but no

spatial resolution.

Figure S4. Map of Ganges-Brahmaputra-Meghna river system with locations of sediment study locations as stated in Table S2 and Table S3.

River locations are from GRDC (2020) and river catchments are from Lehner and Grill (2013).
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The river catchments are defined such that they exclude the river delta where a lot of sediment is deposited. This allows

a good estimate of net sediment mass loss from the full river system as well as the individual catchments. When studying

the mountain regions and floodplains individually, we are dependent on studies of the sediment origin (Faisal and Hayakawa,

2022; Garzanti et al., 2011; Galy et al., 2007; Wasson, 2003). However, those studies find the region where sediment initially

originates from and do not provide information on potential deposition and re-distribution of sediment in the floodplains.

Thus, the estimated origin fraction of net sediment mass loss does not necessarily translate to that amount of local mass loss.

It is possible that sediment from the mountains is deposited in the floodplains, resulting in underestimation of mass loss in

the mountains and overestimation of mass loss in the floodplains. The other way around, it is possible that large amounts of

previously deposited mountain sediment is transported from the floodplains, resulting in overestimation of mountain sediment

mass loss and an underestimation of floodplain sediment mass loss. Over long time periods, what we derive is likely a minimum

estimate of sediment mass loss in the mountains and a maximum estimate of mass loss in the floodplains.

3.2 Potential impact of GRACE data filtering and leakage

To suppress GRACE data errors arising from instrument noise, modeling deficiencies and directional model sensitivity, the

COST-G data we use are filtered spatially (Mu et al., 2017; Tripathi et al., 2022). This limits the resolution and causes data

leakage between the individual grids (Figure S5). Thus, measured EWH loss from one catchment could falsely be attributed to

neighboring ones. For the total study area of the combined Ganges, Brahmaputra, Meghna and Indus catchments, this impact

is likely negligible. However, considering the main location of EWH loss in north-west India being located at the intersection

between the Ganges and Indus catchments, this could yield an error in the attribution of this mass loss between the two

catchments.

Figure S5. Map of the local equivalent water height (EWH) trends within the study area. (a) Including the leakage caused by filtering and

(b) without the impact of leakage due to filtering. Data are from the COST-G Level 3 data product (Boergens et al., 2020).
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Additionally, the data leakage softens the impact of local mass loss in individual grids which makes it impossible to observe

and validate the potential sediment mass loss in the Namcha Barwa syntaxis within the GRACE TWS data. For proper data

comparison between sediment mass loss and GRACE TWS, the GRACE filter would need to be applied to the sediment data.

However, this would require gridded sediment loss data which are not available.

4 Regional analysis of TWS trends

The results of our study are based on linear trends in TWS and sediment mass loss. This section investigates the impact of

changing seasonality and data gaps on such linear trends. We performed dynamic linear model fits on the regional monthly

data using the dlmhelper Python package. Within the model fits, we allowed for variability in data seasonality and in data trend.

We evaluated the trends for the best twelve results, whereat best refers to the lowest Akaike information criterion (AIC) value.

Resulting trends from the dynamic model, within their uncertainties, agree with the linear model trends (Table S1). For

variable model trends, we derived average values over the GRACE time period. The dynamic model results are shown in

Figure S10 - Figure S15. A full-on discussion of the trend variability is not included in this study since temporal comparison

with the sediment data is not possible due to data scarcity. Accordingly we determined the linear least-squares approximation

to be sufficient for the scope of our study.

Table S1. Trend analysis for individual catchments.

linear model dynamic model

river trend (cmyr−1) trend (cmyr−1) min (cmyr−1) max (cmyr−1)

Total −1.35± 0.07 −1.32± 0.04 −1.46 −1.32

GBM −1.47± 0.12 −1.42± 0.13 −1.75 −1.27

Ganges −1.60± 0.13 −1.52± 0.19 −1.95 −1.36

Brahmaputra −1.41± 0.11 −1.41± 0.05 −1.42 −1.25

Meghna −0.57± 0.24 −0.55± 0.06 −0.71 −0.53

Indus −1.18± 0.05 −1.13± 0.07 −1.18 −1.03

Ganges-m −1.51± 0.10 −1.47± 0.22 −1.95 −1.35

Brahmaputra-m −1.57± 0.08 −1.58± 0.04 −1.58 −1.45

Linear model trend is the trend resulting from simple linear least-squares fits as applied in our study. Dynamic model trend

refers to the results from data fits using the dlmhelper python package. The dynamic model trend, min, and max refer to the

median, minimum, and maximum trend based on the twelve dynamic model fits that return the lowest AIC value.

Uncertainty of the median trend is provided as standard deviation of such twelve values. Total refers to the combined

Ganges, Brahmaputra, Meghna, and Indus catchments. GBM is the Ganges-Brahmaputra-Meghna catchment. Ganges-m

and Barhmaputra-m refer to the mountain regions (altitude ≥ 1,500m) within the Ganges and Brahmaputra catchment,

respectively.
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5 Spatial resolution of sediment erosion

Due to data scarcity, it is difficult to spatially resolve sediment induced changes in gravity (see subsection 3.1). Here, we aim to

generate such data based on modeled soil loss indexes from the Revised Universal Soil Loss Equation (RUSLE, Borrelli et al.,

2017). These data provide estimates of global soil loss by water erosion based on inputs of rainfall, soil, topography, land use,

and management at a spatial resolution of 25km (Figure S6). For better comparison to the GRACE TWS data, soil loss data

was re-gridded by taking average values for 1◦ × 1◦ grid cells (Figure S6).

Figure S6. Map of regional soil loss in the Ganges and Brahmaputra catchments from Borrelli et al. (2017) in original resolution (left) and

averaged for the TWS data resolution (right). The Ganges and Brahmaputra catchments are outlined in blue, and red, respectively.

These 1◦ × 1◦ soil loss data were normalized and weighed by the sediment discharged of the individual rivers. Resulting

sediment mass loss per grid cell were then divided by the cell’s area and the water density to provide gridded sediment loss in

terms of EWH (Figure S7). This process was performed in two ways. 1) the sediment discharge by the Ganges and Brahmaputra

rivers were individually weighed by soil loss within the respective catchment area. 2) the total sediment discharge from the

Ganges-Brahmaputra-Meghna River system was weighed by the soil loss in the combined catchments.

Figure S7. Map of regional sediment mass loss in terms of equivalent water height (EWH). River sediment discharges were weighed by soil

loss data from Borrelli et al. (2017). First, Ganges and Brahmaputra discharges were individually weighed by soil loss within the respective

catchment (left) and second, total sediment discharge from the Ganges-Brahmaputra-Meghna River system was weighed by the soil loss in

the combined catchments (right). The Ganges, Brahmaputra, and Meghna catchments are outlined in blue, red, and green, respectively.
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Weighing of the rivers individually yields high sediment loss in the Ganges mountains and fairly low and uniform sediment

loss in the Ganges floodplains. In the Western Ganges region, there is one pixel of higher sediment erosion located within the

region of strongest GRACE TWS trends. Yet, at mass loss of ≈ 1mm EWH per year, it is significantly smaller than sediment

loss in the Ganges mountains (Figure S7). However, based on this erosion potential, only 34% of the Ganges sediment would

be eroded from the mountains, while collective studies based on sediment composition and tracer experiments yield sediment

fractions of ≈ 90% being eroded from the Himalayas (Wasson, 2003; Faisal and Hayakawa, 2022).

In the Brahmaputra catchment, sediment erosion results to be distributed more uniformly than in the Ganges catchment,

showing high sediment loss both in the mountain ranges and along the lower river path (Figure S7). The fraction of Brahmaputra

sediment originated from the Himalayan mountains is therefore closely linked to the catchment’s mountain fraction. Based on

this erosion potential, it is 68%. Studies based on local measurements suggest a higher fraction of sediment being eroded from

the mountain ranges (Wasson, 2003; Faisal and Hayakawa, 2022).

Weighing of sediment erosion over the total Ganges-Brahmaputra-Meghna catchment yields higher erosion rates in the

Ganges catchment (71%) than in the Brahmaputra catchment (29%), while a total of 44% are eroded from the mountain

fraction (Figure S7). This higher sediment yield from the Ganges river agrees with data from Wasson (2003), while disagreeing

with the more recent compilation of studies by Faisal and Hayakawa (2022).

In our study, we decided to follow the results by Faisal and Hayakawa (2022) and Wasson (2003) because they are based on

local studies and sediment re-distribution along various pathways in the Ganges-Brahmaputra-Meghna river system complicate

interpretation of the model based soil loss estimates presented here.

6 Interpretation of Indus data gap

In the Indus TWS time series, on first glance there appears to be an offset between data from the initial GRACE mission

(before 07-2017) and the follow on mission GRACE-FO (after 05-2018, Figure S21). It appears that there is a weaker decline

in the data than the linear optimization yields due to a jump to lower TWS during the data gap. However, both the GRACE and

GRACE-FO data are calibrated to the same reference fields and should not contain an offset. We decided to look into the Indus

catchment in more detail to investigate whether the generated trend is physically reasonable.

Investigation of individual catchment parts yield fairly constant TWS levels in the south-western and northern parts of the

Indus catchment. In the northern mountains, there is a strong seasonality with only small inter-annual fluctuation. In the south-

western catchment, the seasonality is much weaker, highlighting inter-annual events like the extreme flood in 2010. Neither of

these regions show a significant trend or offset between data before and after the data gap (Figure S8). As shown in the TWS

trend map (Figure 2), the main TWS decrease is located in the south-western part of the Indus catchment, where TWS steadily

decreases. This decrease speeds up in 2016 and based on this data, a further TWS decrease during the measurement gap in

07-2017 to 05-2018 seems reasonable. The GRACE-FO data yields a fairly stagnant TWS levels until the end of 2020. We

conclude that the observed trend, while in reality not being linear, seems physically reasonable and continue to use it in our

study.
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Figure S8. Equivalent water height (EWH) trends for different segments of the Indus catchment. (a) EWH trends for the northern (green),

south-western (red), and south-eastern (blue) part of the Indus catchment. Data for the northern and south-eastern parts are adapted by an

offset of 30cm and −40cm, respectively. (b) Map of the segment separation. A similar visualization for the Ganges catchment can be found

in Figure S23.

7 Additional figures and tables

Figure S9. Map of study area with location and type of groundwater aquifers from EHYMAP RGWB (2010), river locations from GRDC

(2020) and river catchments from Lehner and Grill (2013).
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Figure S10. Results of dynamic linear model for the Ganges catchment region. Panels include the best 12 model results based on the AIC

value.

´

Figure S11. Results of dynamic linear model for the Brahmaputra catchment region. Panels include the best 12 model results based on the

AIC value.
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Figure S12. Results of dynamic linear model for the Meghna catchment region. Panels include the best 12 model results based on the the

AIC value.

Figure S13. Results of dynamic linear model for the Ganges-Brahmaputra-Meghna catchment region. Panels include the best 12 model

results based on the AIC value.
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Figure S14. Results of dynamic linear model for the Indus catchment region. Panels include the best 12 model results based on the AIC

value.

Figure S15. Results of dynamic linear model for the combined Ganges-Brahmaputra-Meghna and Indus catchment regions. Panels include

the best 12 model results based on the AIC value.
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Figure S16. Time series of TWS derived from GRACE data (grey) and TWS corrected for sediment mass loss (black). Data show average

over the whole Ganges, Brahmaputra, Meghna, and Indus catchments. Ranges for the σ-environment and the min-max estimates refer to the

standard deviation as well as minimum and maximum estimates of sediment discharge as stated in Table 3.

Figure S17. Time series of TWS derived from GRACE data (grey) and TWS corrected for sediment mass loss (blue). Data show average

over the combined Ganges-Brahmaputra-Meghna catchment. Ranges for the σ-environment and the min-max estimates refer to the standard

deviation as well as minimum and maximum estimates of sediment discharge as stated in Table 3.
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Figure S18. Time series of TWS derived from GRACE data (grey) and TWS corrected for sediment mass loss (blue). Data show average

over the Ganges catchment. Ranges for the σ-environment and the min-max estimates refer to the standard deviation as well as minimum

and maximum estimates of sediment discharge as stated in Table 3.

Figure S19. Time series of TWS derived from GRACE data (grey) and TWS corrected for sediment mass loss (red). Data show average over

the Brahmaputra catchment. Ranges for the σ-environment and the min-max estimates refer to the standard deviation as well as minimum

and maximum estimates of sediment discharge as stated in Table 3.
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Figure S20. Time series of TWS derived from GRACE data (grey) and TWS corrected for sediment mass loss (green). Data show average

over the Meghna catchment. Ranges for the σ-environment and the min-max estimates refer to the standard deviation as well as minimum

and maximum estimates of sediment discharge as stated in Table 3.

Figure S21. Time series of TWS derived from GRACE data (grey) and TWS corrected for sediment mass loss (purple). Data show average

over the Indus catchment. Ranges for the σ-environment and the min-max estimates refer to the standard deviation as well as minimum and

maximum estimates of sediment discharge as stated in Table 3.
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Figure S22. Time series of TWS derived from GRACE data (grey) and TWS after the correction for sediment mass loss (color). TWS

data is derived as the average over the mountain fraction within the Ganges catchment (left) and the Brahmaputra catchment (right). For the

Ganges catchment, the sediment correction is derived locally for the High Himalayas (HH, ≈ 57,976km2) and the Lesser Himalayas (LH, ≈

93,416km2). These regions were defined analogous to Faisal and Hayakawa (2022). For the Brahmaputra catchment, the sediment correction

is derived locally for the Namcha Barwa syntaxis (NBS, ≈ 21,600km2) and the remaining mountain fraction (mount., ≈ 339,900km2).

Ranges for the σ-environment and the min-max estimates refer to the standard deviation as well as minimum and maximum estimates of

sediment discharge as stated in Table 3.

Figure S23. Equivalent water height (EWH) trends for different segments of the Ganges catchment. a) EWH trends for the north-western

(blue), and south-eastern (red) part of the Ganges catchment. Data are adapted by an offset of −42cm and 2cm, respectively. b) Map of the

catchment separation.

16



Table S2. Estimates of sediment load in the Ganges River from different literature studies.

susp. sediment (109 kg yr−1) time period location source

210 unknown Hardinge Bridge MPO (1987) in Rahman et al. (2018)

340 unknown Hardinge Bridge FEC (1989) in Rahman et al. (2018)

430-729 unknown unknown Thakkar (2006)

550 unknown unknown CEGIS (2010) in Rahman et al. (2018)

1600 1874-1879 Hardinge Bridge Holeman (1968)

478.9 (257-736) 1958-1962 Hardinge Bridge Coleman (1969)

375 1960 unknown NEDECO (1967) in Islam et al. (1999)

680(a) 1966-1967 Hardinge Bridge Milliman and Meade (1983)

520 1966-1969 Hardinge Bridge BWDB (1972) in Islam et al. (1999)

548 1966-1970 Hardinge Bridge WARPO (1996) in Rahman et al. (2018)

548 1966-1970 Hardinge Bridge DH and DHI (1991) in Lupker et al. (2011)

200 1965-1988 Hardinge Bridge CBJE (1991) in Rahman et al. (2018)

487 1976-1989 Hardinge Bridge Tarekul Islam and Jaman (2006)

328 1981 Calcutta Abbas and Subramanian (1984)

729 1981 Farakka Abbas and Subramanian (1984)

403 1983-1984 Farakka Singh (1988)

480 (350-600) 1980-1986 Hardinge Bridge Hossain (1992) in Rahman et al. (2018)

502 1989-1991 Bengal Delta Barua et al. (1994)

316 (155-863) 1979–1995 Hardinge Bridge Islam et al. (1999)

216-1038 1981-2001 Hardinge Bridge Akter et al. (2021)

150-590 1960-2008 Hardinge Bridge Rahman et al. (2018)

262 2006 Hardringe Bridge Rice (2007)

390 (360-420) 2004-2010 Hardinge Bridge Lupker et al. (2011)

This set of estimates was build upon collections in Islam et al. (1999), Rahman et al. (2018) and Faisal and Hayakawa (2022). (a)Value for Ganges

River taken from Islam et al. (1999). Original study states 1670 ·109 kg yr−1 after Ganges-Brahmaputra confluence.
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Table S3. Estimates of sediment load in the Brahmaputra River from different literature studies.

Suspended sediment time period location source

(109 kg yr−1)

390 unknown unknown MPO (1987) in Rahman et al. (2018)

800 unknown unknown Holeman (1968)

710 unknown unknown Subramanian (1987) in Islam et al. (1999)

430 unknown Bahadurabad FEC (1989) in FEC (1989)

590 unkown unknown CEGIS (2010) in Rahman et al. (2018)

402 1955-1979 Pandu Goswami (1985)

607.7 (531-697) 1958-1962 Bahadurabad Coleman (1969)

750 1960 unknown NEDECO (1967) in Islam et al. (1999)

1157(a) 1966-1967 Bahadurabad Milliman and Meade (1983)

541 1966-1969 Bahadurabad BWDB (1972) in Islam et al. (1999)

80-228 1981-2001 Bahadurabas Akter et al. (2021)

500 1965-1988 Bahadurabad CBJE (1991) in Rahman et al. (2018)

650 (400-850) 1980-1986 Bahadurabad Hossain (1992) in Rahman et al. (2018)

1028 1989-1991 Bahadurabad Barua et al. (1994)

721 (455-992) 1989–1994 Bahadurabad Islam et al. (1999)

541 1993 Bahadurabad Kabir and Ahmed (1996) in Rahman et al. (2018)

135-615 1960-2008 Bahadurabad Rahman et al. (2018)

387 2006 Sirajganj Rice (2007)

The set of estimates was build upon collections in Islam et al. (1999), Rahman et al. (2018) and Faisal and Hayakawa (2022)). (a)Value for

Brahmaputra River taken from Islam et al. (1999). Original study states 1670 ·109 kg yr−1 after Ganges-Brahmaputra confluence.
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Table S4. GPS uplift data within the Ganges and Brahmaputra Himalayan rage.

Uplift (mmyr−1) latitude (◦N) longitude (◦E) source

6.84± 0.65 27.69 93.91 Bisht et al. (2021)

−4.3± 1.52 27.51 88.59 Bisht et al. (2021)

2.12± 0.37 29.68 79.65 Bisht et al. (2021)

−0.55± 0.36 29.47 79.57 Bisht et al. (2021)

−0.05± 0.01 30.33 78.82 Bisht et al. (2021)

0.65± 0.73 28.655 81.714 Fu and Freymueller (2012)

−1.5± 0.79 26.438 87.281 Fu and Freymueller (2012)

4.6± 0.37 28.207 85.314 Fu and Freymueller (2012)

2.16± 0.21 27.608 85.107 Fu and Freymueller (2012)

4.61± 0.55 28.983 82.817 Fu and Freymueller (2012)

1.08± 0.62 28.754 80.581 Fu and Freymueller (2012)

3.87± 0.68 29.733 80.5 Fu and Freymueller (2012)

2.61± 1.23 29.176 80.626 Fu and Freymueller (2012)

4.95± 0.58 27.95 82.491 Fu and Freymueller (2012)

6.07± 0.21 27.909 85.877 Fu and Freymueller (2012)

3.1± 0.73 29.277 82.192 Fu and Freymueller (2012)

3.79± 0.33 28.805 83.743 Fu and Freymueller (2012)

2.05± 0.29 27.8 85.278 Fu and Freymueller (2012)

1.25± 0.21 27.766 83.603 Fu and Freymueller (2012)

0.62± 0.27 29.657 91.104 Fu and Freymueller (2012)

2.04± 0.17 29.657 91.104 Fu and Freymueller (2012)

−2.14± 0.58 28.117 81.595 Fu and Freymueller (2012)

−1.29± 0.35 26.866 87.392 Fu and Freymueller (2012)

2.19± 1.16 26.99 86.597 Fu and Freymueller (2012)

−0.16± 0.33 27.165 84.985 Fu and Freymueller (2012)

3.9± 0.48 27.164 84.984 Fu and Freymueller (2012)

5.38± 0.64 29.969 81.806 Fu and Freymueller (2012)

0.94± 0.42 28.26 83.935 Fu and Freymueller (2012)

−1.92± 0.45 27.471 89.634 Fu and Freymueller (2012)

1.55± 0.32 27.352 87.709 Fu and Freymueller (2012)

2.3± 1 29.7 91.1 Xu et al. (2000)

7± 4.4 29.4 85.2 Xu et al. (2000)

6.6± 6.6 29.2 88.9 Xu et al. (2000)

19.2± 7.2 29.1 87.6 Xu et al. (2000)

17± 6.1 28.9 89.6 Xu et al. (2000)

22.1± 7.4 28.3 86 Xu et al. (2000)
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