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Abstract21

Sediment transport from rivers to ocean is increasingly influenced by climate change and22

intensive human activities1, constituting a research priority of global relevance2. However, little23

attention has been paid to quantify and predict the contribution of driving factors to the sediment24

load. By integrating local-scale hydrologic modeling with soil erosion estimation model, and the25

soil erosion and sediment yield balance equation, we quantify watershed-scale changes in26

sediment load under forecasted climate change and human activities in the Yangtze River Basin27

(YRB), China. We also develop a new metric, the sediment load sensitivity index, that identifies28

sensitive to anthropogenic variability over the past 30 years. It was found that the reservoirs29

deposition was the primary factor (81.37 %) among human activities contributing to the decline30

in sediment load, followed by the soil and water conservation measures (SWCM) (18.63 %). The31

sediment load shows a slight increasing trend for the 1.5 °C and 2.0 °C global warming at 2020–32

2039 and 2040–2059, respectively. Climate change dominates the sediment load trend in the33

future due to the effectiveness of dams and reservoirs decreases and the saturation of the capacity34

of the SWCM to capture sediment. Although these findings indicate the importance of the impact35

of climate change on changes in sediment load, it is necessary to apply them to appropriate36

management to adapt to climate changes in future river basin management policies.37

Introduction38

The decrease of sediment transport from rivers to the ocean and the consequent impacts on39

coastal ecosystems degradation, delta erosion and human social production activity have become40

a global topic in recent years. In river such as Yangtze (Chengjiang)1,3, Mississippi4, Ebro5 and41

Yellow6, sediment load are below their pre-human level, the Nile7, Colorado8 river is almost zero42

of present-day sediment discharge after construction of large reservoirs. The decrease in post-43
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dam sediment transport is generally attributed to dam construction only3,7, but the driving factors44

such as the climate change, soil and water conservation measures (SWCM), river channel,45

floodplain, urbanization, road construction, sand dredging, and earthquakes etc. also play a role46

in the decline as discussed by various published research papers 9. Therefore, it is critical to47

separate the driving factors and predict future changing trends of sediment load for developing48

reasonable plans of watershed management1.49

The Yangtze River Basin (YRB) (Fig. 1a), ranks the fourth in sediment load in the world and the50

largest, the most important river basin in Asia3, has been a significant decreasing trend in51

sediment load over the past few decades3. More than 51,000 reservoirs have been constructed52

across the YRB, Fig. 1a show the basic information of 31 existing reservoirs (> 0.1 km3) and 253

under construction reservoirs. In 2003, the world’s largest dam, the Three Gorges Dam (TGD),54

began its operation. Sediment load from the YRB has witnessed a dramatic decline in post-TGD.55

The mean annual sediment fluxes at Datong station was 427 Mt·yr−1 during the period 1956–56

2002, but it decreased to 139 Mt·yr−1 during the period 2003–2015, decreased by about 67.45 %57

relative to 1956–2002 (pre-TGD)1. These changes in sediment load may result in changes in the58

physical habitat, geomorphology, and biodiversity of river channels downstream from dams, as59

well as on estuarine ecosystems10.60

Previous studies have suggested that dams and reservoirs are the primary cause of sediment load61

reduction in the YRB, but the exact extent of reservoir contribution is still not well understood.62

Although several studies have been carried out, some basic questions remained. For example,63

previous studies have exhibited increasingly interested in separating the driver factors behind64

hydrologic variables, but most studies have focused on the relative contribution of climate65

change and human activities to surface runoff variability, and few have systematically quantified66
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the driving factors to the reduction in sediment load and predicted future changing trends of67

sediment load across the YRB1. This may limit our capacity to better understand the change in68

sediment load in response to multiple factors on a basin-wide scale. Therefore, it is necessary to69

detect potential drivers and their contributions to the variability of sediment load in order to70

thoroughly understand the sediment transport behavior1.71

Here, we built a Soil and Water Assessment Tool (SWAT) model and used scenario analysis72

method of sediment identity factor to quantify the impacts of climate change, SWCM, reservoir73

deposition, floodplain deposition, sand dredging, and channel erosion etc. on sediment load74

across the YRB. To identify the abrupt change point in sediment load11, we used a Pettitt test75

and Mann-Kendall test (Section S4), and applied a change detection algorithm known as Breaks76

for Additive Seasonal and Trend (BFAST)12 of hydrological factors (Section S5). We also77

studied the major driving force contributions of the sediment load and gave a thoroughly78

explanation for the decreasing sediment load of the YRB.79

RESULTS80

Changes in Yangtze River Basin Sediment Discharge81

The yearly sediment loads at the PS, GC, ZT, WL, BB, WX, YC, HK, CLJ, HZ, HUK, and DT82

gauging stations exhibited a significant decreasing trends (P<0.01) during 1972-2016 (Fig.1b top83

and Supplementary Fig. 1). The abrupt change points were detected at significance level of 99 %84

for all 12 main gauging stations, as verified by cross-validation of the Mann-Kendall trend test85

and Pettitt test (Fig. 2, Supplementary Fig. 2), most of them occurring in the period of 1988-199386

and 2001–2003. we thus divided into three periods covering 1972–1992 (P1), 1993–2003 (P2),87

and 2004–2016 (P3). The Datong station, located at the tidal limit of the Yangtze River estuary88
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at a distance of around 640 km from the ocean, is a key hydrological station and thus represent89

the total sediment load input to the Yangtze River estuary13. Sediment load at Datong between90

1972 and 1992 averaged 422.16±67.02  Mt·yr−1, but after 1993, due to the construction of the91

Three Gorges Project, it declined to an average of 309.01±58.28  Mt·yr−1 during the pre-TGD92

decades; after closing of the TGD, it declined to128.27±38.84  Mt·yr−1. That is, mean annual93

sediment load at Datong decreased by 26.76 % (113.15 Mt·yr−1) between P1 and P2 and 58.49 %94

(180.74 Mt·yr−1) between P2 and P3 (Fig. 1b, bottom). It is worth noting that the large-scale95

human activities in the YRB such as reservoir construction and SWCM have led to a dramatic96

reduction of sediment load from rives to the ocean (see Methods).97

Quantification of the impacts of climate change and human activities98

Considering the complex impacts of natural reason and human activities on sediment load in the99

YRB, we quantified their contribution to the reduced sediment load. In total, the contributions of100

climate and anthropogenic activities to the reduced sediment load accounted for ∼95.60 % and101 ∼4.40 % between P1 and P3 period (Supplementary Table 1). Specifically, the contributions of102

climate change and human activities to the changes in sediment load accounted for ∼32.04 %103

(increased sediment load) and ∼67.96 % (reduced sediment load) between P1 and P2 period, and104 ∼81.76 % (reduced sediment load) and ∼18.24 % (reduced sediment load) between P2 and P3,105

respectively (Supplementary Table 1 and Supplementary Fig. 2).106

Multiple linear regression (MLR) was used to separate impacts of human activities (see Methods107

and Section S7). Under the effects of human activities, 18.63 % of the sediment load change can108

be attributed to the SWCM, while 81.37 % of the sediment load change can be attributed to the109

construction of dams and reservoirs. Regarding the contribution of dam construction and SWCM110
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on sediment reduction in the YRB, we compared our estimates with two published research111

papers. Dai et al. (2008) presented that the contribution of reservoir deposition and soil112

conservation to sediment decrease were 88% (±10 %) and 15% (±5 %) for the period of 1956–113

2002, respectively, which is high consistent with our result. In addition, A number of key114

differences have also been observed from previous studies. For example, Yang et al. (2015)115

reported that dam construction and SWCM accounted for 85~88 % and 6~10 % of the total116

decrease in sediment load during 1950–2012, respectively. Study periods and analysis117

approaches may have induced some discrepancies in the results14. Also, the sediment budget118

approach may not well reflect the underlying mechanisms and hydrological processes.119

During the P1-P2 period, a large-scale soil conservation campaign was launched in the YRB,120

whereas one other reservoirs (Three Gorge Dam) were still under construction. Human activities121

explained the most variation in sediment load (67.96 %), of which SWCM (55.3 %) dominated.122

Therefore, we found that SWCM was the major factor among human activities that impacted the123

sediment load during this period. During the P2-P3 period, the statistical analysis shows124

significant relationships between the sediment load and precipitation of the sub-basins125

(Supplementary Fig. 3). This suggests that the climate variations are still main control of126

sediment load. Meanwhile, three mega reservoirs (i.e., Three Gorges Dam, Xiluodu, Xiangjiaba)127

were built, including the reservoir with the largest annual regulation (Three Gorges Dam). The128

construction of large reservoirs has led to increase (from 12.6 % to 14.8 %) in the impact of129

human activities on sediment load. Climate change explained the most variation in sediment load130

(81.8 %). An additional 18.2 % of sediment load variation was due to human activities, of which131

reservoir deposition (14.8%) and SWCM (3.4 %) dominated (Supplementary Fig. 2).132
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Consequently, it has been shown that climate change was the primary factor that impacted the133

sediment load during this period.134

Projection of the sediment production under global warming scenarios of 1.5 °C and 2.0 °C135

To explore the changes in sediment load across the YRB, the long-term average of the three136

climate patterns was studied (Supplementary Table 6). The future interannual variability in the137

sediment loads under the RCP2.6, RCP4.5, and RCP8.5 emission scenarios were examined.138

In the Weak (W) scenario (Fig. 3a), When the warming exceeds 1.5 °C, Only RCP 8.5 among all139

three RCPs does not show a significantly increase in the sediment load, while each of the other140

two emission scenarios (RCP2.6 and RCP4.5) shows a significantly increase. Compared with the141

historical period, when the warming exceeds 1.5 °C, the RCP2.6, RCP4.5 and RCP8.5 scenarios142

show decreases of 174.12 Mt·yr-1 (56.11%), 159.23 Mt·yr-1 (51.31%) and 161.43 Mt·yr-1143

(52.02 %), respectively. When the warming exceeds 2.0 °C, Compared with the historical period,144

the sediment load values under RCP2.6, RCP4.5 and RCP8.5 decrease by 165.59 Mt·yr-1145

(53.36 %), 156.24 Mt·yr-1 (50.35 %) and 160.97 Mt·yr-1 (51.87 %), respectively. Over a longer146

time period (2020–2059), the sediment load values under the RCP2.6 show a significantly147

increasing tendency(P<0.01) with a rate of 0.87 Mt·yr-1 and the RCP4.5 emission scenarios show148

a significantly increasing tendency(P<0.05) with a rate of 0.84 Mt·yr-1 over the YRB,149

respectively, while each of the other one emission scenarios (RCP 8.5) shows a slight increase150

(slope=0.28, P=0.36). In the Moderate (M) (Fig. 3b) and Ambitious (A) scenario (Fig. 3c), When151

the global warming exceeds 1.5 °C and 2.0 °C, the sediment load under each RCP scenario152

shows no more than a 36 % decrease compared with the historical period. Among the sediment153

load values of the RCPs, only the sediment load of RCP 8.5 does not exhibit significantly154



8

changes (slope=0.26~0.28, P=0.36~0.39), while the sediment load values of the other two155

emission scenarios all show a significantly increasing tendency(P<0.05) from the YRB during156

2020-2059.157

To reflect the trajectory trend of sediment load with the change in climate change and human158

activities in different periods, B-spline curves were used for fitting in this research (Section S7).159

In the Weak (W) scenario, the contribution to the driver factor in sediment load within the entire160

YRB from climate change and human activities were 64~68.1 % and 31.9~36 % on average161

during the warming exceeds 1.5 °C and 2.0 °C, respectively (Fig. 4a). During the warming162

exceeds 1.5 °C, two mega reservoirs (i.e., Wudongde, Baihetan) were built. The construction of163

large reservoirs has led to increase in the impact of human activities on sediment load. In the164

Moderate (M) (Fig. 4b) and Ambitious (A) scenario (Fig. 4c), the contribution to the driver165

factor in sediment load within the YRB from climate change and human activities were166

94.5~96.5 % and 3.5~5.2 % on average during the warming exceeds 1.5 °C and 2.0 °C,167

respectively (Fig. 4b and Fig. 4c). Climate change explained the most variation in sediment load.168

Therefore, we can arrive at the conclusion that climate change was the major factor that impacted169

the sediment load during the warming exceeds 1.5 °C and 2.0 °C.170

No direct estimates of SWCM are available from the remote sensing. Therefore, we developed171

an insolation proxy using the intensity of ecological engineering (IEE) model based on the172

measured data (Supplementary Table 2). As shown in Fig. 5, the value of IEE was the lowest in173

the first year (1988) of ecological engineering, with a value of 13.84. After 1998, the IEE174

steadily increased. With the start of the second phase of ecological engineering in 2013, the IEE175

tended to increase further based on the first phase. Over the 29-year period from 1988 to 2016,176
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we can see that the overall trend of the IEE was positive (slope = 0.03, P<0.01), and the177

sediment load did not increase with the increase of IEE.178

We also present a novel method to identify sediment load sensitivity index (SSI) to IEE and179

reservoir deposition response (see Methods and Figure 5). The sensitivity of the sensitive phase180

was the greatest, and the sensitivity of the adaptive phase decreased gradually. The SSI initially181

declining dramatically (1985~1993), and then decreased slowly (1993–2059). Based upon these182

findings, SSI can be derived as SSI = -0.003 x +5.09 (Fig. 5), where SSI represents sediment load183

sensitivity in year x . By combining the above expression with future SSI projections, we can184

predict the future changes in YRB under global warming. Fig. 8 shows that the SSI could exhibit185

decreasing fluctuation under global warming of 1.5 °C and 2.0 °C. Under global warming of186

2.0 °C and 1.5 °C, the SSI is projected to be more stable and even slightly decrease (at a rate of -187

0.003/year). the IEE will continue to increase, but the hydrological system has gradually188

stabilized and IEE and reservoir deposition are no longer the two most sensitive factors for189

sediment transport in the future. Consequently, we can draw a conclusion that damming and eco-190

engineering to reduce sediment transport are gradually losing their efficiency, resulting in a191

slight increase in the sediment load. Climate change played the most dominant role in sediment192

load increase in the future.193

The effectiveness of dams and reservoirs will decrease over time as they gradually fill with194

eroded materials and the capacity of SWCM to capture sediment will inevitably saturate over195

time, we must pay attention to estimating a river sediment load recover in the coming decades to196

provide a new insight into the mechanisms that dominate the dynamic responses of sediment197

load variation to multiple drivers.198
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The uncertainty of sediment reduction is mainly following aspects. Firstly, due to the199

randomness in hydrologic process and the complex interaction of multiple driving forces,200

multiple change points may be found even using the same approach. Furthermore, sediment load201

in rivers are identified as highly nonlinear (refs 3,10), which could create uncertainty for202

attribution analysis of sediment load variations.203

204
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Methods205

Study area. Yangtze River Basin (YRB)( 90°33′and 122°25′E and 24°30′and 35°206

45′N) in central China covering approximately 1,800,000 km2(Fig. 1a).It covers parts of 19207

provinces of China, including all of Jiangxi, Anhui, Jiangsu, Sichuan, Yunnan, Chongqing,208

Hubei, Hunan, Shanghai, and parts of Henan, Guangxi, Guangdong, Qinghai, Tibet, Guizhou,209

Gansu, Shaanxi, Zhejiang, Fujian. With ~1/5 of the total area of China1, the basin sustains~1/3 of210

the Chinese population1, and provides ~2/5 of China’s GDP1. The YRB is located in the semi-211

humid and humid regions. The annual average precipitation of the YRB is approximately 1, 090212

mm15. Annual mean temperatures range from 12.6 to 28.0 °C1. There are 11 major sub-basins in213

the YRB (Fig. 1a), including the Jinsha River (JSR), Jialing River (JLJ), Han River (HR), Min214

River (MR), Upper Mainstream of Yangtze River (UMYR), Middle Mainstream of Yangtze215

River (MMYR), Lower Mainstream of Yangtze River (LMYR), Wu River (WR), Han River216

(HR), Dongting Lake (DTL), Tai Lake (TL) and Poyang Lake (PYL) sub-basins.217

Data sources. This study used Advanced Very High-resolution Radiometer (AVHRR) Global218

Inventory Monitoring and Modeling Systems (GIMMS) 3g.v1 dataset (spatial resolution: ~8, 000219

m) from 1981 to 200016, and Moderate Resolution Imaging Spectroradiometer (MODIS) NDVI220

data (spatial resolution: 500 m) from 2000 to 2016 were provided by NASA’s Earth Observing221

System Data and Information System gateway (https:// earthdata.nasa.gov/). The two annual222

NDVI data sets used in our research were obtained using maximum-value composite (MVC)223

method and were downscaled to a 1 km × 1 km resolution to match the land use and224

climatological data by the enhanced spatial and temporal adaptive reluctance fusion model225

(ESTARFM) algorithm, which has tested by Zhu and colleagues17. Annual precipitation from the226

National Meteorological Center of China (https://data.cma.cn/) for 1972–2016 were obtained227
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from 788 stations within and near the YRB. We developed annual land use/land cover datasets228

from 1980 to 2016 using the China’s Land-Use/cover Dataset (http://www.resdc.cn) at 1,000 m229

resolution for the 1980s, 1995, 2000, 2005, 2010, 2015 and 2018, and combining the coarse230

satellite datasets with the BFAST algorithm 18. Elevation and slope data were extracted from the231

digital elevation model of the YRB, obtained from https://earthexplorer.usgs. gov/. Annual232

sediment load data at the 12 gauging stations (1972–2016) and Panzhihua station (1988–2016)233

on the Yangtze River, dams and reservoirs were taken from the Yangtze River (Changjiang)234

Water Resources Commission (http://www.cjw.gov.cn/). Climate projections are based on235

available ensemble runs by GCMs from CMIP5 (Table S1). Altogether 24 simulations from 3236

models, namely PR_IPSL-CM5A-LR, HadGEM2-ES, and PR_IPSL-CM5A-MR are found to237

meet the research requirement for future period under RCP2.6, RCP4.5 and RCP8.5 scenarios.238

Using a multi-model mean, projections for 20-y intervals were estimated when the average239

global warming reaches the 1.5 °C and 2.0 °C thresholds, respectively. It is estimated that the240

1.5 °C warming threshold would be reached in 2020–2039 under RCP2.6 and the 2.0 °C in241

2040–2059 under RCP4.519.242

Method for Mapping Land Use Map for Future Scenarios. Our approach to developing243

representations of regional land cover for each of the three scenarios (Weak (W), Moderate (M),244

and Ambitious (A)) was based on an initial land use dataset, henceforth referred to as the 2016245

Land Use Base Map (Supplementary Figure 8a and Supplementary Table 7). Base_2016 was the246

initial 2016 base land use dataset used in the algorithm to produce the land use maps for the three247

scenarios to 2050. The approach permits growth or shrinkage of each of the remaining biomes248

(urban, cropland, forest, grassland, and unused land) by the set percentages (Supplementary249
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Table 7) to produce the land cover changes seen in the three scenarios (see Section S3) for a250

more detailed description.251

Soil erosion estimation model RUSLE. Using the Revised Universal Soil Loss Equation252

(RUSLE) model, we estimated annual soil erosion at 1-km spatial resolution across the YRB for253

the period 1981–2016. Annual soil loss A (t·ha−1·yr−1) can be calculated by the following254

formula: A = R× K×LS×C×P, where R denotes the erosivity factor (MJ·mm·ha−1· h−1 year−1), K255

represents the soil erodibility (t·ha·h·ha−1·MJ−1·mm−1), LS represents the slope length and slope256

steepness factor (dimensionless), C represents the cover and management factor (dimensionless),257

and P denotes the support practice factor (dimensionless). For methods used to calculate each258

factor see references20,21.259

Soil erosion and sediment yield balance equation. To estimate the relative importance of the260

climate variability and anthropogenic activities driving yearly changes in sediment load, we261

applied SWAT model and soil erosion and sediment yield balance equation to diagnose the262

contributions of climate change and anthropogenic activities (i.e. reservoir deposition, SWCM,263

floodplain deposition, sand dredging, and channel erosion) to the contribution of change of264

sediment loads throughout the YRB between 1981 and 2016 (Fig. 1c). The yearly soil erosion265

and sediment yield balance equation is:266

( 1 2) ( , , )S HS HS f C H G   (1)

SE S RD SDI SD FD CE      (2)
where S is the annual sediment load, which equals the difference between the annual mean267

sediment load (i.e. 1HS − 2HS ) of two hydrological stations. For example, we used the268

difference between sediment load of the Panzhihua station and Datong station (Fig. 1a) to269

calculate the sediment load of the YRB. C ,G , SE , RD , SDI , SD , FD ,CE are the annual:270

climatic factors, human factors, soil and topographic factors ,soil erosion, reservoir deposition,271
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sediment diversion, floodplain deposition, sand dredging, and channel erosion , respectively. The272

floodplain deposition, sediment diversion, and channel erosion had an adverse effect on the273

sediment decrease and the contribution of the sand dredging was very limited1,3,9. Therefore,274

SDI , SD ,FD ,CE were set to zero in the calculation.275

Quantification of intensity of ecological engineering (IEE).276

The intensity of ecological engineering (IEE), defined as the amount of ecological engineering277

undertaken per unit area22, is simple and maneuverable and has strong comparability22,23. The278

calculation formula is as follows:279

100%ISE

A

SIEE
S

 
(3)

1

n

ISE i i
i

S SL CI


 
(4)

where IEE is the intensity of ecological engineering; ISES is the area of imperious surface280

equivalent; AS is the total land area for a certain region; iSL is the area of land use type i ; n is the281

number of land use types; and iCI is the conversion coefficient of type i for imperious surface282

equivalent. For details, please refer to Supplementary Table 2 in the supplementary materials.283

Relative contribution rate of sediment load reduction.284

We firstly built a Soil and Water Assessment Tool (SWAT) model and used scenario analysis285

(Supplementary Table 4) to separate the impacts of human activities and climate variability on286

sediment load change. The SWAT model was calibrated (Sequential Uncertainty Fitting (SUFI-2)287

algorithm) and validated for monthly sediment at twelve sites with observed data (see Fig. 1 and288

Supplementary Table 5). As shown in Supplementary Table 3, we set up 40 scenarios (S1-S40)289

representing the hydrological process during1972- 2059. Each scenario changes only the land290

use or weather data, while all other inputs to the model remain the same. Therefore, the output291
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results of the model from S1 to S40 represent the annual response of the hydrological system to292

the sediment load during 1972-2059. Then, stepwise regression and multiple linear regression293

were used to disentangling the main influencing factors in human activities (i.e., reservoir294

deposition and IEE) (P<0.05, AIC: -390.99). All-time series were transformed to z-score295

anomalies using yearly each variable means and standard deviations. The sum of squared296

deviations from the mean was used to quantify the relative contribution (hereafter, human297

activities weights) of each main factor using variance analysis11. The human weights from each298

variable can be used for our calculations of sediment load sensitivity. For details, please refer to299

section S6.300

Sediment load sensitivity index (SSI)301

To estimate sediment load sensitivity, we created yearly de-trended time series (mean yearly302

values subtracted) of each variable for periods found to have relationship with IEE and reservoir303

deposition in our yearly multiple linear regressions. We estimated the variance and the residuals304

and found a linear model fitted to the mean-variance relationship of both the human activities305

and sediment load on these time series (Fig. 5). We normalized these residuals to between 0 and306

1 for each variable. Our sensitivity metrics are the ratios of sediment load variability and each of307

the human activities’ variables. Each ratio was then weighted according to the relative308

contribution of the human activities to sediment load variability by multiplying it by the value of309

the regression coefficient (human activities weights). Finally, we summed the sensitivity scores310

for each of our variables to identify areas of enhanced variability during the research311

period(Fig.5). All data analyses were carried out using the R project for statistical computing,312

using the raster24, MASS25, fitdistrplus26, trend27 and reshape228 packages.313
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378
Figure 1 | Location of the Yangtze River Basin and observed inter-annual variation in379

annual sediment load at some five major hydrological stations over past 45 years. a,380

Location of the Yangtze River Basin, gauging stations, dams, subbasins, and elevations (m). b,381

Time series of annual sediment load at the five gauging stations in the Yangtze River Basin382

during 1972–2016(top). The annual load shows a significant reduction during these periods. The383

average annual sediment load (the difference between sediment load of the Panzhihua (PZH)384

station and Datong (DT) station to calculate the sediment load of the YRB) from 1972 to 2016 at385

gauging stations (bottom), error bars are the standard deviation across the years. c, Schematic of386

the effect of climate change, human activities, and soil and topographical factors on sediment387

transport.388

389
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390

Figure 2 | Breakpoints and changes of annual sediment load at twelve major stations. The391

trend component from the BFAST model (above) and the remainder (below) shows the variation392

of the annual runoff after the removal of the seasonal and the variation of the variation of the393

annual runoff a after the removal of the trend components in the time series. PS, Pingshan; GC,394

Gaochang; ZT, Zhuotuo; BB, Beibei; WL, Wulong; WX, Wanxian; YC, Yichang; HK, Hankou;395

CLJ, Chenglingji; HZ, Huangzhuang; HUK, Hukou; DT, Datong.396
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Figure 3 | Temporal variation in sediment load under global warming scenarios of 1.5 °C399

and 2.0 °C from 1972 to 2059. W scenario, M scenario and A scenario differences in sediment400

load are shown in the plots on the left. Likely intervals of occurrence of the two warming levels401

are also indicated. In the box and whisker plots, the whiskers represent the minimum and402

maximum sediment load, whereas the box plots show the 25th percentile, median, and 75th403

percentile of sediment load, and the stars represent the average sediment load.404

405
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406

Figure 4 | Projected the relative contributions of climate change (i.e., a-1, b-1, c-1) and407

human activities (i.e., a-2, b-2, c-2) by multi-model mean in W scenario(a), M scenario(b),408

and A scenario(c) for the 1.5 °C and 2.0 °C warming scenarios, respectively. (d) Soil erosion409

of the YRB and sediment load between the Panzhihua (PZH) station and Datong (DT) station on410

the Yangtze River (1988–2016)411

412



24

413

Figure 5 | Change in the Sediment load index (SSI)(red) and intensity of ecological414

engineering (IEE)(black) in the YRB, respectively. SSI thresholds derived from the IEE and415

reservoir deposition in our yearly multiple linear regressions and the predictions of SSI of the416

2050s. IEE derived from the amount of ecological engineering undertaken per unit area and the417

predictions of SSI of the 2050s. Period, 1988–2050.418

419
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