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Introduction 
This supporting information provides additional descriptions and explanations for the manuscript. Text S1 provides information on McClellan-Kerr Arkansas River Navigation System (MKARNS), Table S1 lists all locks and dams information in MKARNS and Figure S1 shows locations of cities and streamflow gaging stations. Text S2 includes detailed information about sediment data and the method to fill the data gaps through sediment rating curves (Figure S2). Text S3 demonstrates the methodology of period averaging of sediment data, dredging data, and sand and gravel mining data in this study (Figure S3 and Table S2). Text S4 shows the details of dredging data from the USACE (Figure S4). Text S5 is the wing-dike capacity analysis which demonstrates whether wing-dikes could accommodate the dredging volume. Text S6 includes the details about sand and gravel mining data. Text S7 and S8 explain the calculation of sediment deficit and error estimation, respectively. Data Set S1-S5 are processed data which record the sediment data, dredging data, wing-dike and bar areas, sand and gravel mining data, and sediment deficit data, respectively. 
Text S1. McClellan-Kerr Arkansas River Navigation System (MKARNS)
[bookmark: _Hlk70602365]The Arkansas River is the second-longest tributary in the Mississippi River system. It transports a mean water discharge of about 37 billion m3yr-1 and a sediment flux of about 10.3 Mtyr-1 into the Mississippi River (e.g., Saucier, 1994). The McClellan-Kerr Arkansas River Navigation System (MKARNS) was constructed from 1958 to 1969 with a total of 18 locks & dams (Table S1) distributed between Catoosa, Oklahoma and Tichnor, Arkansas, extending a navigation length of about 712 km (Figure S1). 
Table S1. Locks and dams’ information in MKARNS (USACE, 2005)
	Abbreviation
	Lock & Dam's full name
	Location (Navigation km)

	L&D 1
	Norrell lock & dam
	16.48

	L&D 2
	Wilbur D. Mills lock & dam
	21.28

	L&D 3
	Hardin lock & dam
	80.32

	L&D 4
	Emmett Sanders lock & dam
	105.6

	L&D 5
	Lock & dam #5
	138.08

	L&D 6
	David D. Terry lock & dam
	172.96

	L&D 7
	Murray lock & dam
	200.64

	L&D 8
	Toad Suck Ferry lock & dam
	249.44

	L&D 9
	Arthur V. Ormond lock & dam
	283.04

	L&D 10
	Dardanelle lock & dam
	328.8

	L&D 12
	Ozark-Jeta Taylor lock & dam
	410.88

	L&D 13
	James W. Trimble lock & dam
	468.48

	L&D 14
	W.D. Mayo lock & dam
	511.36

	L&D 15
	Robert S. Kerr lock & dam
	537.92

	L&D 16
	Webbers Falls lock & dam
	586.72

	L&D 17
	Chouteau lock & dam
	642.24

	L&D 18
	Newt Graham lock & dam
	674.56


Text S2. Sediment Data
Sediment transport data were compiled from the U.S. Geological Survey (USGS) National Water Information System (NWIS). The sediment transport database includes a total of 1941 suspended sediment concentration measurements and 913 suspended sand concentration measurements, spanning from 1945 to 2019 in stream gaging stations along the Lower Arkansas River (Data Set S1). These stations, from upstream to downstream, are Fort Smith, AR gage station (USGS site 07249455), Lee Creek gage station (USGS site 07249985), Van Buren, AR gage station (USGS site 07250500), James W. Trimble lock & dam (USGS site 07250550), and David D Terry dam (USGS site 07263620), AR (Figure S1). Considering the location of these gages and locks & dams, in the upstream of the Lower AR, we ascribed the sediment data compiled from Fort Smith gage station, Van Buren gage station, and James W. Trimble lock & dam to stand for the sediment data in Van Buren (Figure S1). In the downstream of the Lower AR, we ascribed the sediment data compiled from the David D Terry dam to stand for the sediment data in Little Rock (Figure S1). All these data were used to depict the suspended sediment discharge (Qss) and suspended sand discharge (Qsand) variation in the pre-dam and post-dam on the Lower Arkansas River. 
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Figure S1. The Lower Arkansas River drainage basin shows the locations of cities, streamflow gaging stations, lock and dams, and sand mining sites. Topographic data is from the EarthExplorer of USGS with a resolution of 30 m. Names of Lock & Dam (L&D) refer to Table S1.

There are no sediment data in 1993 and 1994 at Van Buren and in 2013 at Little Rock, so we utilized available sediment data to get the rating curves and then compiled water discharge data from the USACE to estimate the sediment data in these gap years (Figure S2). As estimated, the sediment rating curves at Van Buren and Little Rock result in standard errors of about 27.5% and 24.5% respectively. 
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Figure S2. Sediment rating curve at Van Buren (a) and Little Rock (b)

Text S3. Period Averaging
To analyze changes in suspended sediment (Qss) and sand (Qsand) discharges over time, we divided the sediment transport dataset (1975-2019) into six intervals: 1975-1981, 1982-1990, 1991-1998, 1999-2005, 2006-2012, and 2013-2019, with interval lengths of approximately 7 years (Figure 2). The 7-year interval is a balance between period data density, variation details, and the major variation trend of water discharge (e.g., Jacobson et al., 2009; Figure S3). In periods with fewer sediment data, the period was expanded to 8 years (1991-1998) and 7 years (1999-2005) to ensure we got evenly distributed data in these periods. 
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Figure S3. The annual distribution of instantaneous water discharge (a) and the relationship between period averaged instantaneous water discharge and Qss (b) at Van Buren. Note the trendline in (b) does not include the 2006-2012 data.

The annual distribution of instantaneous water discharge at Van Buren (compiled from the USACE) indicates the occurrence of generally high-water discharge periods of 1992-1998, 2007-2011, and 2019-2020 (Figure S3a). Furthermore, the relationship between period averaged water discharge and period averaged Qss indicates a relatively strong correlation except for the period of 2006-2012 (Figure S3b). Combined with the six intervals for the sediment dataset, we defined intervals which overlap with generally high-water discharge periods as flooding periods, and the other periods were as post-flooding periods (Figure 2). Despite the large floods in 2019, we define the 2013-2019 interval as a non-flooding period.

As the river sediment transport varies among different months, it is important to incorporate all months’ contributions when calculating annual Qss and Qsand. Rather than directly averaging all sediment data within one period, we averaged the data within one period twice: we sorted the sediment data into 12 months to get monthly averaged sediment data, then we average these 12 representative monthly estimates to calculate annual Qss and Qsand. This method avoids bias caused by data density in different seasons when directly averaging all compiled data. The period averaged Qss and Qsand in the Lower Arkansas River were present in Table S2 as shown below.
Table S2. Period averaged Qss and Qsand calculated for locations and periods indicated in the Lower Arkansas River
	Periods
	Locations

	
	Van Buren
	Little Rock

	
	Qss (Mt/year)
	Qsand (Mt/year)
	Qss (Mt/year)
	Qsand (Mt/year)

	Pre-MKARNS
	1945-1951
	127.43
	N.A.
	N.A.
	N.A.

	Post-MKARNS
	1975-1981
	1.05
	0.21
	1.79
	0.61

	
	1982-1990
	3.06
	1.34
	3.79
	2.00

	
	1991-1998
	4.67±0.26
	0.79±0.20
	15.25
	5.08

	
	1999-2005
	2.60
	0.69
	1.45
	0.18

	
	2006-2012
	11.41
	2.14
	3.99
	2.31

	
	2013-2019
	3.90
	1.30
	2.87±0.05
	1.34±0.01

	Post-MKARNS Average
	1975-2019
	4.4 ± 0.5
	1.1 ± 0.1
	5.0 ± 0.7
	2.0 ± 0.2



Text S4. Dredging Data
Navigation channel dredging data were compiled from the USACE (Data Set S2). The data span from 1969 to 2019 and consists of 1007 dredging records provided with dredging volume (MCY, million cubic yards) and dredging sites (river mile) along the navigation channel (Data Set S2). To convert volumes to equivalent units to suspended sediment discharge, dredging volume was calculated with a bulk density of 1.3 Mgm-3. All dredging data along the navigation system were included for comparing the engineering influence and natural sediment transport process in the river. Compared to damming, the removal rates of these smaller, continuous modification projects, dredging quantity varies year to year and lower sediment discharge is accompanied by more dredging in the river (Figure S4). Personal communication with USACE indicates the dredging activity is also determined by USACE’s budget for maintenance.
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Figure S4. Relationships between dredging quantity and median water discharge (a) and sediment discharge (b) at Van Buren

Text S5. Wing-dike Capacity Analysis
As the dredging spoils were disposed behind wing-dikes that can potentially be re-eroded, wing-dike trapping efficiency was calculated. We measured the wing-dike fields’ areas and bar areas in 1961 (pre-MKARNS), 1994, and 2017 (post-MKARNS), to estimate the volume capacity and the filling ratio of these wing-dike fields (Data Set S3; Figure 3b). The bar areas in 1961 were used to indicate the ‘natural’ status of the development and distribution of bars in the Lower Arkansas River during the pre-MKARNS period, and these bar areas were traced and measured on the historical aerial imagery (3905 photos) compiled from the U.S. Department of Agriculture, Salt Lake City. The bar areas in 1994 and 2017 were measured to calculate the filling ratio of wing-dike fields in the post-MKARNS period, and this part of the work was carried out on the satellite imagery through Timelapse provided by Google Earth Engine. Timelapse images in Google Earth between 2018 to 2020 are mostly recorded during the flooding season, so 2017 is the choice for the bar measurements. 
The distribution of the filling ratio of wing-dike fields in 1994 and 2017 is shown in Figure 3b. In general, the median percentage of wing-dike field filling ratio is about 16% in 1994, indicating that from Nov. 1969 (completion of the MKARNS) to 1994, with 25 years of dredging, the wing-dike fields were filled from 0% to 16%. The median percentage of the wing-dike field filling ratio is about 30% in 2017, suggesting that from 1995 to 2017, the filling ratio of the wing-dike field increased from 16% to 30% in 23 years. The average annual filling ratio in 1969-1994 and 1995-2017 is about 0.64%/year and 0.61%/year, respectively. Thus, the filling ratio of the wing-dike field seems relatively stable in the post-MKARNS period. The annual average wing-dike field filling ratio is about 0.63% between 1969 and 2017 and the 0.63% accommodation space could trap about 1.05 million m3/year of sediments, larger than the annual dredging rate which averaged 0.97 million m3/year between 1969 and 2017. Thus, when the dredging rate is smaller than 1.05 Mm3yr-1, wing-dikes could accommodate all dredging spoils.
Text S6. Sand and Gravel Mining Data
Sand and gravel mining data were compiled from mining industries along the Lower Arkansas River and the USGS National Minerals Information Center (NMIC). The former dataset ranges from 2011 to 2019 and was provided as monthly reports with mining dates and quantity at each mine (Data Set S4). The latter dataset spans from 1971 to 2016 with records of statewide total sand mining quantity (Data Set S4). The statewide total sand mining quantity in 2017 and 2018 was collected from annual NMIC reports that have not been included in the 1971-2016 table yet. We assume the ratio of sand mining from the Lower Arkansas River to the statewide total stays constant. This ratio was 0.176 ± 0.019 for years 2012, 2013, 2014, 2017, and 2018. The mining between Van Buren and Little Rock was 0.165 ± 0.022 for statewide totals for the same period (Data Set S4). We assumed that the mined volume was 100% sand that came from the suspended sand load. The actual mined volume consists of mostly bedload, suspended bed material load, and very wash load (silt and clay sizes). Bedload flux is estimated to be small relative to suspended sand flux over long timescales, about 5% of the cumulative suspended sand load (Ashley et al., 2020). Thus we consider Qsand accurately showing the scale of sand transport in the system.
Text S7. Sediment Deficit
Fluvial sediment and sand deficit were defined as the downstream (Little Rock) sediment flux minus upstream (Van Buren) sediment flux, indicating quasi-natural processes of storage. When more material is added than is removed (negative numbers for sediment deficit), there is a surplus of sediment, meaning there is sediment active storage between Van Buren and Little Rock. On the other hand, when more material is removed than is added (positive numbers for sediment deficit), there is a deficit in sediment supply, indicating there is sediment loss between Van Buren and Little Rock. 
The engineering sediment and sand deficit were defined as the total sediment and sand removal caused by dredging and sand and gravel mining. Combined sediment and sand deficit in the Lower Arkansas River includes the fluvial sediment and sand deficit and engineering sediment and sand deficit (Data Set S5).
Text S8. Error Estimation
Error propagation was calculated by combining all errors assuming independence when estimating suspended sediment data in 1993 and 1994 at Van Buren and in 2003 at Little Rock, and the prediction of sand and gravel mining data. 
For the comparison between post-MKARNS average Qsand at Van Buren and the Qsand removed by dredging and sand mining, as we neglected the bedload flux contribution in dredging spoils and sand mining in this study, so the actual proportion of dredged sand and mined sand to suspended sand would be slightly smaller than 95%-121% and 123%-167%, respectively.  

Data Set S1. 
Sediment data at Van Buren and Little Rock 
Data Set S2. 
MKARNS dredging summary
Data Set S3. 
Wing-dike and bar areas in the Lower Arkansas River
Data Set S4. 
USGS aggregates sand mining data
Data Set S5. 
Suspended sediment and sand deficit
Data sets could be accessed at https://uark.box.com/s/hlzsabsifebq7fvvmuydteripsl8r18t
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