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S1: The reconstructions of natural discharge and sediment load 
 

The reconstructions of natural discharge and sediment load for each hydrological 

station in the study area are based on the calculated data from Chang et al. (2016). They 

determined the natural discharge and sediment load data for five hydrological stations 

(the lingjiacun, xianyang, huaxian, zhangjiashang and zhuangtou stations) in the Wei 

River catchment since 1990s, based on the double-mass curves method (DMCs). The 

DMCs calculated the natural discharge and sediment load by analyzing the correlations 

between cumulative precipitation and annual discharge or sediment load (Walling, 

2006). Then, the ratios between these five stations and the others were calculated based 

on the observed mean annual discharge or sediment load data collected from the 

literature (Zhang et al., 2007; Ran et al., 2012; Wang, 2013; Chen, 2017; Han, 2019). 

Since the contributions of dams to each hydrological station were similar (Chang et al., 

2016), we calculated the natural discharge and sediment load for all hydrological 

stations in the Wei River catchment by multiplying the reconstructed data in those five 

stations and the ratios between them and the others (Table S3). 

  



S2: The validation for reconstructions of Holocene precipitation and air 
temperature 
 

The trend of annual air temperature and monsoon precipitation over the last 5000 

years in the Beilianchi lake were established by analyzing the branched glycerol dialkyl 

glycerol tetraethers (brGDGTs) (Zhang et al., 2021) and leafwax hydrogen isotope (C. 

Zhang et al., 2020), respectively. The dynamic downscaling modelling results on the 

millennial scale climate of China were also brought into contrast to make a more 

comprehensive consideration (Fig. S2). The simulated results were calculated by the 

CESM model, which used the monthly mean atmospheric circulation data of the fully-

forced transient experiment results (TraCE-21ka) as lateral boundary nested into the 

regional climate model (RegCM4) (Kuang et al., 2021). The compared results showed 

that the predicted data calculated by assuming the Holocene climate patterns were same 

as the present-day were closer to the reconstructed data in the Beilianchi lake (Fig. S2). 

Therefore, it is better to apply these climate data in the Holocene simulations. 

 

  



 
Fig S1 Scatter plot of predicted and observed meteorological data at the validation stations in Wei River 

catchment 

  



 

Fig S2 The predicted, CESM modelling and reconstructed monsoon precipitation (a) and mean annual air 

temperature (b) at Beilianchi lake within the Wei River catchment 

  



 

Fig S3 Anthropogenic land use cover map in Wei River catchment, from 6000BCE to 1850AD 

(modified from Kaplan et al., 2011) 

  



 
Fig S4 Distribution of rock types (a), sand (b), silt (c), clay (d), soil organic matter (e) content and NDVI 

data (f) in Wei River catchment. 

 
 



 

Fig S5 The distribution of effective root depth of plants after calibration 

 

  



 
Fig S6 The difference between simulated and observed sediment load (a), and the distribution of erodibility 

of the base layer (b) and surface layer (c) after calibration 

 

  



 
Fig S7 The distribution of natural vegetation types in Wei River catchment during the Holocene simulations 

  



 

Fig S8 Simulated mean annual runoff (a) and the time trend of sub-catchment mean annual discharge (b) in 

the WCC Scenario. 

  



 

Fig S9 Sediment thickness (a) and the evolution of sub-catchment mean annual sediment yield (b) in the 

WCC Scenario  

  



Table S1 Empirical model parameters used in evapotranspiration model 

 

Parameters Unit 
Deciduous 

broadleaf forest 
Grass Crop 

Annual leaf and fine root turnover fraction 1yr-1 1.0  1.0  1.0  

Annual live wood turnover fraction 1yr-1 0.7  0.0  0.7  

New leaf C : New fine root C kg C(kg C)-1 1.0  2.0  1.1 

New stem C : New leaf C kg C(kg C)-1 2.2  0.0  1.7 

New live wood C : New total wood C kg C(kg C)-1 0.1  0.0  1.0 

New croot C : New stem C kg C(kg C)-1 0.2  0.0  0.0  

Current growth proportion DIM 0.5  0.5  0.5  

C : N of leaves kg C(kg N)-1 24.0  24.0  24.0  

C : N of fine roots kg C(kg N)-1 42.0  42.0  85.0  

C : N of live wood kg C(kg N)-1 50.0  0.0  50.0 

C : N of dead wood kg C(kg N)-1 442.0  0.0  200.0  

Leaf litter labile proportion DIM 0.39  0.39  0.39  

Leaf litter cellulose proportion DIM 0.44  0.44  0.44  

Leaf litter lignin proportion DIM 0.17  0.17  0.17  

Fine root labile proportion DIM 0.30  0.30  0.30  

Fine root cellulose proportion DIM 0.45  0.45  0.45  

Fine root lignin proportion DIM 0.25  0.25  0.25  

Dead wood cellulose proportion DIM 0.76  0.75  0.75  

Dead wood lignin proportion DIM 0.24  0.25  0.25  

Canopy water interception coefficient 1 LAI-1day-1 0.041  0.021  0.0225 

Canopy light extinction coefficient DIM 0.70  0.60  0.60  

All-sided to projected leaf area ratio LAI LAI-1 2.00  2.00  2.00  

Canopy average specific leaf area m2kg-1C-1 30.00  45.00  35.00 

Ratio of shaded SLA : sunlit SLA SLA SLA-1 2.00  2.00  2.00  

Maximum stomatal conductance m s-1 0.005  0.01  0.005  

Cuticular conductance m s-1 0.00001  0.00001  0.00001  

Boundary layer conductance m s-1 0.01  0.04  0.03 

Leaf water potential: start of conductance 

reduction 
Mpa -0.60  -0.60  -0.60  

Leaf water potential: complete 

conductance reduction 
Mpa -2.30  -2.30  -2.30  

Vapor pressure deficit: start of pa 930.00  930.00  930.00  

Vapor pressure deficit: complete pa 4100.00  4100.00  4100.00  

 

  



Table S2 Model parameters used in Landlab during the modern and Holocene simulations of the Wei River 

fluvial geomorphic evolution 

 

Model parameters Assigned values 

Node spacing 1000 m 

Time step 1 yr 

Run time (modern simulation) 20 yr 

Run time (Holocene simulation) 8000 yr 

Initial H 0 m 

Uplift rate (U) 0 m yr-1 

Diffusion coefficient (D) 0.05 m2 yr-1 

Basement (bedrock) erodibility 

(Kr) 

calculated using a geological map 

calibrated by natural sediment load (m-1) 

Sediment erodibility 

(Ks) 

calculated using a soil map 

calibrated by natural sediment load (m-1) 

m 0.5 

n 1 

ωcr 0 m yr-1 

ωcs 0 m yr-1 

H* 1 m 

Porosity of bed sediment (ϕ) 0 

Unitless fraction of fine sediment (Ff) 0 

Net effective setting velocity (V) 2.0 m yr-1 

 

  



Table S3 Observed and reconstructed discharge and sediment data of each hydrological station in Wei River 

catchment 

 (The stations with * represent the compared objects included in the Chang et al. (2016)) 

  

Rivers Stations 

Observed data 

(Zhang et al, 2007; Ran et al., 2012; Wang, 

2013;Chen, 2017; Han, 2019) 

The ratio  

of  

discharge 

The ratio of 

sediment 

load 

Reconstructed data 

(Chang et al., 2016) 

Period 
Discharge

（m3） 

Sediment 

 load（t） 
Period 

Discharge

（m3） 

Sediment 

load（t） 

Wei 

River 

Wushan 1957-2000 5.56E+08 2.72E+07 25.20% 21.40% 1993-2010 6.51E+08 3.40E+07 

Qin’an 1957-2000 3.35E+08 5.04E+07 15.20% 39.70% 1993-2010 3.93E+08 6.31E+07 

Beidao 1957-2000 1.22E+09 1.18E+08 55.20% 92.90% 1993-2010 1.43E+09 1.48E+08 

Linjiacun* 1956-2000 2.21E+09 1.27E+08 100.00% 100.00% 1993-2010 2.58E+09 1.59E+08 

Weijiabao 1956-2000 2.94E+09 1.30E+08 69.70% 106.56% 1993-2010 3.85E+09 1.84E+08 

Xianyang* 1956-2000 4.22E+09 1.22E+08 100.00% 100.00% 1993-2010 5.52E+09 1.73E+08 

Lintong 1958-2000 6.83E+09 3.13E+08 96.70% 87.40% 1997-2010 8.57E+09 3.78E+08 

Huaxian* 1956-2000 7.06E+09 3.58E+08 100.00% 100.00% 1997-2010 8.86E+09 4.32E+08 

Jing 

River 

Hongde 1959-2016 6.40E+07 3.55E+07 4.10% 18.20% 1997-2010 6.51E+07 4.64E+07 

Jiaqiao 1959-2016 8.27E+07 1.76E+07 5.30% 9.00% 1997-2010 8.42E+07 2.30E+07 

Banqiao 1959-2016 1.40E+07 1.37E+06 0.90% 0.70% 1997-2010 1.43E+07 1.79E+06 

Qingyang 1959-2016 2.03E+08 7.18E+07 13.00% 36.80% 1997-2010 2.07E+08 9.38E+07 

Yuluoping 1959-2016 4.22E+08 1.06E+08 27.04% 54.30% 1997-2010 4.30E+08 1.38E+08 

Jingchuan 1959-2016 2.46E+08 1.27E+07 15.77% 6.50% 1997-2010 2.51E+08 1.66E+07 

Yangjiaping 1959-2016 6.58E+08 5.62E+07 42.16% 28.84% 1997-2010 6.70E+08 7.35E+07 

Jingcun 1959-2016 1.37E+09 1.82E+08 87.56% 93.32% 1997-2010 1.39E+09 2.38E+08 

Zhangjiashan* 1959-2016 1.56E+09 1.95E+08 100.00% 100.00% 1997-2010 1.59E+09 2.55E+08 

Beiluo 

River 

Wuqi 1963-2009 9.54E+07 2.82E+07 11.50% 40.29% 2002-2010 1.02E+08 4.03E+07 

Liujiahe 1959-2009 2.37E+08 5.88E+07 28.62% 84.00% 2002-2010 2.53E+08 8.40E+07 

Jiaokou 1967-2009 4.45E+08 6.58E+07 53.74% 94.00% 2002-2010 4.76E+08 9.40E+07 

Huangling 1967-2009 1.06E+08 3.31E+05 12.80% 0.47% 2002-2010 1.13E+08 4.73E+05 

Zhuangtou* 1957-2009 8.28E+08 7.00E+07 100.00% 100.00% 2002-2010 8.85E+08 1.00E+08 
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