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Introduction 
This supporting information (S1) contains three supplementary texts and a dataset (separately uploaded). Text S1 includes the notation utilized in this manuscript. Text S2 is a detailed algorithm of the model for sediment transport calculation in this manuscript. Text S3 is the C code of the model for sediment transport calculation, which was originally set as under coastal environments, but can be transplanted to alluvial settings by adjusting values of relevant parameters (water density and kinematic viscosity). Model output is reorganized and saved as worksheets in Dataset S1.


Text S1: Notation
	
	Rouse number

	c(z)
	suspended sediment concentration at height z

	ca
	reference concentration by mass

	CD
	total bed drag coefficient

	CDs
	skin (grain-related) bed drag coefficient

	d
	median grain size (of bed sediment)

	
	dimensionless grain size

	ffs
	fine sand factor

	g
	gravitational acceleration

	h
	water depth

	ks
	total bed roughness height

	ks,d
	dune roughness height

	ks,g
	grain roughness

	ks,mr
	megaripple roughness height

	ks,r
	ripple roughness height

	n
	exponent of dimensionless total bed shear stress θb in the GEH formula

	
	vertically averaged horizontal flow speed

	
	friction velocity

	
	horizontal flow speed at height z

	qb
	bedload transport rate (by mass)

	qs = S*uh
	suspended sediment transport rate (by mass)

	
	dimensionless sediment transport rate (Einstein number)

	s = ρs/ρ
	specific gravity of sediment grains

	
	vertically averaged suspended sediment concentration

	
	transport parameter

	ws
	settling velocity of bed sediment

	z
	distance to the bed

	z0
	(total) roughness length

	z0s
	grain-related roughness length

	za
	reference height

	α
	coefficient of dimensionless total bed shear stress θb in the GEH formula

	
	dimensionless total bed shear stress (Shields number)

	
	critical Shields number of bed sediment

	κ
	von Kármán constant

	ν
	kinematic viscosity of water

	ρ
	density of water

	ρs
	density of sediment grains

	
	total bed shear stress

	
	skin bed shear stress

	
	critical bed shear stress of bed sediment

	
	flow mobility parameter








































Text S2: Detailed algorithm of the model for sediment transport calculation
1. Basic assumptions
(1) Currents are the sole driving force of sediment transport;
(2) Flows over the bed are unstratified;
(3) Suspended sediment transport dominates total sediment transport when d < 250 μm (2.0 φ).

2. Flow
According to assumptions (1) and (2), the law of the wall is utilized to describe the vertical flow speed profile U(z):
		(S1)
In this study, the lowercase u denotes the vertical average of U(z):
		(S2)

3. Sediment transport
If vertically averaged suspended sediment concentration (SSC) S* and vertically averaged horizontal flow speed u are available, the unit-width suspended sediment transport rate by mass, qs, reads:
		(S3)
which is converted into the Einstein number qs*, i.e. the dimensionless sediment transport rate:
		(S4)
The vertically averaged SSC is:
		(S5)
in which the vertical profile, c(z), under the law of the wall, is exactly the the Rouse (1937) Profile:
		(S6)
The Rouse number b is related to friction velocity , which is further connected with the total bed drag coefficient CD (Soulsby, 1997):
		(S7)
		(S8)
And the settling velocity of bed sediment, ws, is approximated by Soulsby (1997) to be:
		(S9)

4. Concentration boundary
In the Rouse profile, the reference height za and reference concentration ca can be expressed (van Rijn, 2007b) as:
		(S10)
The dimensionless grain size D* is defined as:
		(S11)
The transport parameter Ts reads:
		(S12)
where the critical bed shear stress of bed sediment is (Soulsby & Whitehouse, 1997):
		(S13)
		(S14)
while the skin bed shear stress  is only associated with the grain-related component, CDs, of CD (Nikuradse, 1933; Soulsby, 1997):
		(S15)
		(S16)

5. Bed roughness
Bed roughness of studied non-cohesive beds is predicted with van Rijn’s (2007a) bedform roughness predictor as functions of the mobility parameter Ψ (Manohar, 1955):
		(S17)
Then the total bed roughness ks is expressed as:
		(S18)
with dune component ks,d, megaripple component ks,mr, and ripple component ks,r.
Grain roughness ks,g included, Ripple roughness ks,r is estimated to be:
		(S19)
Megaripple roughness ks,mr is approximated as:
		(S20)
with a lower limit 0.02ffs and an upper limit 0.2 m.
Dune roughness ks,d is described to be:
		(S21)
which cannot exceed 1 m.
The fine sand factor ffs is defined as:
		(S22)
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Text S3: C code of the model for sediment transport calculation
#include <stdio.h>
#include <conio.h>
#include <math.h>
#include <float.h>

/* Disclaimer: In coastal environments (35 psu, 10 deg C), water density, sediment specific weight, and kinematic viscosity are respectively set as 1027 kg/m^3, 2.58, and 1.36e-6 m^2 s^-1. Gravitational acceleration is set as 9.81 m/s^2. */

/* Global variables */
/* Grain size in phi, grain size, dimensionless grain size, settling velocity, flow speed, water depth */
double phi, d, D_star, w_s, u, h;

/* Grain-related roughness length, bed skin shear stress, critical Shields number of bed sediment, critical shear stress of bed sediment, transport parameter */
double k_sg, tau_0s, theta_cr, tau_cr, T_s;

/* Total bed shear stress, total frictional velocity, total Shields number, mobility parameter */
double tau_0, u_star, theta, psi;

/* Roughness lengths of ripple, megaripple, and dune, respectively */
double ksr, ksmr, ksd;

/* Total bed roughness length, grain size factor */
double k_st, f;

/* Rouse number, total bed roughness height, total drag coefficient, grain-related drag coefficient */
double b, z_0, C_D, C_Ds;

/* Reference concentration, reference height, suspended sediment concentration, suspended sediment transport rate, dimensionless suspended sediment transport rate, product of total drag coefficient and dimensionless suspended sediment transport rate */
double c_a, z_a, ssc, q_s, q_s_star, cq;

/* Global functions */
int IsFiniteNumber (double x) /* Whether the float variable is legal */
{
	return (x <= DBL_MAX && x >= -DBL_MAX);
}

double avr (double (*func)(double x), double inter, double super, int step) /* Function of averaging */
{
	double sum=0;
	double a,b;
	int i;
	double steplth=(super-inter)/((double) step);
	for(i=0;i<step;i++)
	{
		a=func(inter+(i*steplth));
		b=func(inter+(i+1)*steplth);
		if (IsFiniteNumber(a) && IsFiniteNumber(b))
		{
			sum+=(a+b)*steplth*0.5;
		}
	}
	return sum/(super-inter);
}

double R_prf (double z) /* Rouse profile */
{
	double c=c_a*pow((z_a*(h-z))/((h-z_a)*z),b);
	return c;
}

double dragcoef (double h, double k_s) /* Drag coefficient */
{
	double cd=pow(0.4/(1+log(k_s/(30*h))),2); /* White-Colebrook formula: C_D=g/(18lg(12h/k_s))^2, almost the same with the Soulsby (1997) formula */
	return cd;
}

main()
{
	FILE *fp;
	fp=fopen("Output.txt","w"); /* Output file: Output.txt */
	int i1,i2,i3; /* Counters for grain size, water depth, and flow speed, respectively */
	int j=0;

	/* Calculation */
		
	for(i1=0;i1<21;i1++) /* Counter for grain size */
	{
		phi=4.0-i1*0.1; /* Grain size, from 4.0 phi to 2.0 phi, steplength = 0.1 phi */
		d=0.001*pow(2,-phi); /* Grain size transformed from phi to meter */
		D_star=20312*d; /* Dimensionless grain size */
		w_s=(0.027624*(sqrt(107.3296+1.049*pow(D_star,3))-10.36))/D_star; /* Settling velocity */
		theta_cr=(0.30/(1+1.2*D_star))+0.055*(1-exp(-0.020*D_star)); /* Critical Shields number */
		tau_cr=15922*d*theta_cr; /* Critical shear stress */
		j++;
		fprintf(fp,"\n\nRound %d\nd = %1.1lf phi = %3.1lf micron\ntau_cr=%1.3lf Pa\nw_s=%2.3lf mm/s",j,phi,d*1000000,tau_cr,w_s*1000);
		fprintf(fp,"\n\nh\tu\tpsi\tz_a\tc_a\tC_D\ttheta\tlntheta\tq_s_star\tC_Dq_s_star\tlnC_Dq_s_star\tk_st\tk_sr\tk_smr\tk_sd\t");
		
		for(i2=0;i2<39;i2++) /* Counter for water depth */
		{
			if (i2<3)
			{
				h=0.3125*pow(2,i2); /* Water depth: 0.3125 m, 0.625 m, 1.25 m */
			}
			else
			{
				h=2.5+0.5*(i2-3); /* Water depth, from 2.5 m to 20 m, steplength = 0.5 m */
			}
			
			for(i3=0;i3<21;i3++) /* Counter for flow speed */
			{
				u=0.5+0.05*i3; /* Flow speed, from 0.5 m/s to 1.5 m/s, steplength = 0.05 m/s */
				k_sg=2.5*d; /* Grain-related roughness length (Nikuradse roughness) */
				C_Ds=dragcoef(h,k_sg); /* Grain-related drag coefficient */
				tau_0s=1027*C_Ds*u*u; /* Bed skin shear stress */
				T_s=(tau_0s/tau_cr)-1; /* Transport parameter */
				psi=u*u/(15.4998*d); /* Current/Flow mobility parameter */
				
				/* Grain size factor */
				if (d>=0.0001) /* d>100 micron */
				{
				    f=1;
				}
				else /* d<=100 micron */
				{
				 	f=10000*d;
		  		}

				/* Total bed roughness length */
				if (psi<=50) /* psi<=50 */
				{
					ksr=150*d;
					ksmr=0.0002*psi*f*h;
					ksd=0.0004*psi*f*h;
				}
				else if (psi>50 && psi<=100) /* 50<psi<=100 */
				{
					ksr=(182.5-0.65*psi)*d;
					ksmr=(0.011-0.00002*psi)*f*h;
					ksd=0.0004*psi*f*h;	
				}
				else if (psi>100 && psi<=250) /* 100<psi<=250 */
				{
				    ksr=(182.5-0.65*psi)*d;
				    ksmr=(0.011-0.00002*psi)*f*h;
				    ksd=(0.048-0.00008*psi)*f*h;
				}
				else if (psi>250 && psi<=550) /* 250<psi<=550 */
				{
				    ksr=20*d;
				    ksmr=(0.011-0.00002*psi)*f*h;
				    ksd=(0.048-0.00008*psi)*f*h;
				}
				else if (psi>550 && psi<=600) /* 550<psi<=600 */
				{
				    ksr=20*d;
				    ksmr=0.02*f;
				    ksd=(0.048-0.00008*psi)*f*h;
				}
				else /* psi>600 */
				{
				    ksr=20*d;
				    ksmr=0.02*f;
				    ksd=0;
				}
				
				if (ksmr<0.02*f) /* Lower limit of k_s,mr: 0.02f */
				{
					ksmr=0.02*f;
				}
				else if (ksmr>0.2) /* Upper limit of k_s,mr: 0.2 m */
				{
					ksmr=0.2;
				}
				
				if (ksd>1) /* Upper limit of k_s,d: 1 m */
				{
					ksd=1;
				}
				
				k_st=sqrt(pow(ksr,2)+pow(ksmr,2)+pow(ksd,2)); /* Total bed roughness length */
				if (k_st>(h/2))
				{
					k_st=h/2;
				}

				/* Reference height in Rouse profile, z_a = max {0.5k_sr, 0.01} */
				if(ksr>=0.02)
				{
					z_a=ksr/2;
				}
				else
				{
					z_a=0.01;
				}
							
				C_D=dragcoef(h,k_st); /* Total drag coefficient */
				z_0=k_st/30; /* Total roughness height */
				tau_0=1027*C_D*u*u; /* Total shear stress */
				theta=tau_0/(15922*d); /* Total Shields number */
				u_star=sqrt(C_D)*u; /* Total frictional velocity */
				b=w_s/(0.40*u_star); /* Rouse number */
				c_a=39.75*d*pow(T_s,1.5)/(z_a*pow(D_star,0.3)); /* Reference concentration in Rouse profile */
				if (c_a>132.5) /* Upper limit of reference concentration: 0.05*2650 = 132.5 g/L */
				{
					c_a=132.5;
				}
				ssc=avr(R_prf,z_a,h,10000); /* Vertically averaged suspended sediment concentration, i.e. sediment transport capacity */
				q_s=ssc*u*h; /* Suspended sediment transport rate */
				q_s_star=q_s/(10433*pow(d,1.5)); /* Dimensionless suspended sediment transport rate */
				cq=q_s_star*C_D; /* Product of C_D (drag coefficient) and q_s_star (dimensionless suspended sediment transport rate) */
				fprintf(fp,"\n%2.10lf\t%2.10lf\t%2.10lf\t%2.10lf\t%2.10lf\t%2.10lf\t%2.10lf\t%2.10lf\t%2.10lf\t%2.10lf\t%2.10lf\t%2.10lf\t%2.10lf\t%2.10lf\t%2.10lf\t",
				h,u,psi,z_a,c_a,C_D,theta,log(theta),q_s_star,cq,log(cq),k_st,ksr,ksmr,ksd); /* Data output */
			}
		}
	}
	fprintf(fp,"\nEnd of the file."); /* File end */
	fclose(fp);
	return 0;
}






















Data Set S1 (ds01.xlsx). Model output is reorganized and saved as worksheets in Dataset S1.
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