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Supplementary Information 

Supplementary Table 1. Parameters used for computing the advection length-scale 

in Figure 4 of main text. 

 

Name of 

phenomenon 

L [m] u  [m 

s-1] 

h 

[m] 

q [m2 s-

1] 

r0 [-] D50 

[mm] 

ws 

[mm s-

1] 

u* 

[mm s-

1] 

Reference 

Step-pools 0.6-1.0 - - 0.4-

0.66 

10 21 1021 185.3-

225.8 

(1) 

Gravel 

cluster 

0.4-0.7 0.02-

1.23 

3.12-

22 

0.4-

3.85 

9.25-

9.98 

45-105 1388-

2112 

606-

881.4 

(2) 

Alternate 

bars 

1.2-3.8 0.68-

0.97 

0.01-

0.035 

0.0067-

0.0349 

9.99 1.3 225.3 34.6-

45.3 

(3) 

Pool-riffle 6.7 1.8 3 5.39 10 60 1579 230.0 (4) 

Cyclic stepc 2000-

6100 

3.5 20 70 1.97a 0.07 5.8 - (5) 

Subaqueous 

bedforms 

0.5-6 0.36-

0.64 

0.4-

0.95 

0.13-

0.97 

8.2-

9.8 

0.12-

0.24 

25-41 17.4-

31.3 

(6) 

0.71-

1.5 

0.5-

0.75 

0.15-

0.9 

0.075-

0.54 

6.2-

9.7 

0.43-

0.86 

76-148 48.5-

157.2 

(7) 
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0.2-0.3 0.33-

0.435 

0.13-

0.2 

0.0435-

0.087 

8.25-

9.45 

0.37 64.4 37.4-

54.2 

(8) 

Megaripples 27-290 20 300 6000 10 1000 21850 171.6 (9) 

Hydraulic 

jump 

1.0 - - 3.3×10-

3 

1.0 0.005-

0.07×10-

3 

0.02-

3.7 

4-16 (10) 

Plunging 

plumes 

0.5 - - 10-3 – 4  

×10-3 

1.5a 6.7-

10.4×10-

3 

0.44 - (11) 

Washed-out 

ripples 

0.10 – 

0.14 

0.74-

0.85 

0.39-

0.40 

0.30-

0.33 

2.0-

2.8a 

0.108 8.2 - (12) 

Meanders 3.0 0.22 0.015 3.3×10-

3 

9.97 0.51 92.7 28.4 (13) 

5.6 0.236 0.019 4.5×10-

3 

9.96 0.5 90.7 29.3 (14) 

Wave ripples 0.07-

0.13 

0.15-

0.22 

0.3 0.045-

0.066 

4.6-

20a 

0.07 5.8 47.9-

106.1 

(15) 

High-density 

suspension 

4.9d 0.15-

0.22 

0.3 0.045-

0.066 

1.4-

6a 

0.026 0.94 47.9-

106.1 

(15) 

Floodplainf - 1 3-5 3-5 1 0.05 3.2 3.43 (16) 
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Wind dunesb 40-100 - - - - - - - (17) 

Dunes, Marsb 200 - - - - - - - (17) 

Dunes, Titanb 2300-

3300 

- - - - - - - (17) 

Dunes, 

Venusb 

500 - - - - - - - (17) 

Draas, Earthb 2000 - - - - - - - (17) 

Mississippi 

delta 

490000 - - 44.61 7e 0.3 49.9 49.9 (18, 19) 

Parana delta 210000 17.95 7e 0.37 64.4 64.4 (18, 20) 

Nile delta 210000 36.67 7e 0.2 29.3 29.3 (18, 21) 

Orinoco delta 78000 12.275 7e 0.6 110.1 110.1 (18, 22) 

Amazon 

delta 

404000 15.93 7e 0.1 1.2 1.2 (18, 23) 

aCalculated from reported vertical profiles of sediment concentration. All other values of 

r0 were computed assuming a Rouse profile. 

bAdvection length scale was assumed to be equal to the saltation length scale reported by 

Grotzinger et al.17. 

cHydraulic parameters correspond to the numerical model of Fildani et al.5. 

dLength of the experimental flume was used as the length scale of interest L. 
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eThe ratio 𝑢∗/𝑤! was assumed to be equal to 1 for all the deltaic systems, which yielded a 

r0 value of ~7. 

fBecause of the lack of a periodic length scale, the length of the landform for the 

floodplains was arbitrarily chosen to be a very small value, which was plotted at the left 

most end of the x-axis on Figure 4.  

Supplementary note 1 

The analysis presented in the main text is limited to depositional landforms and 

alluvial beds that are not limited by sediment supply, where equation (1a) is a common 

approximation for modeling bedload transport at scales much larger than the saltation hop 

length24. For depositional systems 𝑞! > 𝑞!" (equation 1) and, therefore, given some 

bound on 𝑞! from upstream, 𝑞!" cannot get infinitely large as 𝑙! increases. In contrast, for 

erosional systems 𝑞! < 𝑞!" (equation 1) and 𝑞!" may grow with increasing 𝑙!, and 

depending on the degree of linearity between 𝑞!" and 𝑙! , 𝑞!" may not be equal to 𝑞!! for 

infinitely large 𝑙!. Thus, our analysis is limited to depositional systems, and may not 

necessarily apply to erosional systems (this scaling will depend on the actual entrainment 

law and its relation to 𝑙! for erosional systems). 

To provide a historical context, Exner25, 26 was the first to develop equation (1a) 

where he assumed that deposition and erosion rates are a function of the gradient in fluid 

velocity and it was not until Einstein27 that equation (1b) was developed. Equation (1b) is 

an exact form of mass balance while equation (1a) is an approximation and until now the 

choice of between equations (1a) and (1b) was made rather arbitrarily – with equation 

(1a) usually applied to bedload transport problems and equation (1b) used for suspension 
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load. Our analysis suggests that the approximation of equation (1a) is only valid over 

length scales larger than the advection length-scale 𝑙!. 

 

 
 
Supplementary References 
 
1. Curran, J. C.  & Wilcock, P. R. Characteristic dimensions of the step-pool bed 

configuration: An experimental study. Water Resour. Res. 41, W02030 (2005). 

2. Strom, K. B.  & Papanicolaou, A. N. Morphological characterization of cluster micro-

forms. Sedimentology 55, 137–153 (2008). 

3. Ikeda, S. Prediction of alternate bar wavelength and height. J. Hydraul. Engg. 110, 

371–386 (1984). 

4. Sear, D. A. Sediment transport processes in pool-riffle sequences. Earth Surf. 

Process. Landforms 21, 241–262 (1996). 

5. Fildani, A., Normark, W. R.,  Kostic, S. & Parker, G. Channel formation by flow 

stripping: large-scale scour features along the Monterey east channel and their 

relation to sediment waves. Sedimentology 53, 1265–1287 (2006). 

6. Boguchwal, L. A.  & Southard, J. B. Bed configurations in steady unidirectional 

water flows; part 1, scale model study using fine sands. J. Sed. Res. 60, 649–657 

(1990). 

7. Leclair, S. F. Preservation of cross-strata due to the migration of subaqueous dunes: 

An experimental investigation. Sedimentology 49, 1157–1180 (2002). 

8. Martin, R. L. & Jerolmack, D. J. Origin of hysteresis in bed form response to 

unsteady flows. Water Resour. Res. 49, 1-20 (2013). 



 6 

9. Benito, G. & O’Connor, J. E. Number and size of last-glacial missoula floods in the 

Columbia river valley between the Pasco basin, Washington, and Portland, Oregon. 

Geo. Soc. Am. Bull. 115(5), 624–638 (2003). 

10. Garcia, M. & Parker, G. Experiments on hydraulic jumps in turbidity currents near a 

canyon-fan transition. Science 245, 393-396 (1989). 

11. Lamb, M. P. et al. Linking river-flood dynamics to hyperpycnal-plume deposits: 

Experiments, theory, and geological implications. Geo. Soc. Am. Bull. 122(9/10), 

1389-1400 (2010). 

12. Baas, J. H. & Koning, H. D.  Washed-out ripples; their equilibrium dimensions, 

migration rate, and relation to suspended-sediment concentration in very fine sand. J. 

Sed. Res. 65, 431–435 (1995). 

13. van Dijk, W. M., van de Lageweg, W. I. & Kleinhans, M. G.  Experimental 

meandering river with chute cutoffs. J. Geophys. Res. 117, F03023 (2012). 

14. Braudrick, C. A., Dietrich, W. E., Leverich, G. T. & Sklar, L. S. Experimental 

evidence for the conditions necessary to sustain meandering in coarse-bedded rivers. 

Proc. Nat. Acad. Sci. USA 106, 16936–16941 (2009). 

15. Lamb, M. P. & Parsons, J. D. High-density suspensions formed under waves. J. Sed. 

Res. 79, 386–397 (2005). 

16. Dietrich, W. E., Day, G. & Parker, G. in Varieties in Fluvial Form. A.J. Miller, A. 

Gupta Eds., John Wiley, p. 345- 376 (1999). 

17. Grotzinger, J. P., Hayes, A. G., Lamb, M. P. & McLennan, S. M. in Comparative 

climatology of terrestrial planets. S. Mackwall, M. Bullock, J. Harder Eds., 

University of Arizona Press (2013). 



 7 

18. Chatanantavet, P., Lamb, M. P. & Nittrouer, J. A. Backwater controls of avulsion 

location on deltas. Geophys. Res. Lett. 39, L01402 (2012). 

19. Thorne, C. et al. Current and historical sediment loads in lower Mississippi river. 

Report to United States Army, European research office of the U.S. Army, University 

of Nottingam, U. K. 220 pp (2008). 

20. Amsler, M., Drago, E. & Paira, A. in The middle Parana River: Limnology of a 

subtropical wetland. M. Iriondo, J. C. Paggi, M. Oarma Eds., Springer-Verlag, Berlin, 

363-377 (2007). 

21. Abdel-Fattah, S., Amin, A. & Van Rijn, L. C. Sand transport in Nile river, Egypt. J. 

Hydraul. Engg. 130, 488-500 (2004). 

22. Johnsson, M. J., Stallard, R. F. & Lundberg, N. Controls on the composition of fluvial 

sands from a tropical weathering environment: sands of the Orinoco River drainage 

basin, Venezuela and Colombia. Geol. Soc. Am. Bull. 103, 1622-1647 (1991). 

23. Gibbs, R. J. & Konwar, L. Coagulation and settling of Amazon River suspended 

sediment. Cont. Shel. Res. 6, 127-149 (1986). 

24. Parker, G., Paola, C. & Leclair, S. Probabilistic Exner sediment continuity equation 

for mixtures with no active layer. J. Hydraul. Engg. 126, 818-826 (2000). 

25. Exner, F. M.  Zur physik der dünen. Akad. Wiss. Wien Math. Naturwiss. Klasse 129, 

929–952 (1920). 

26. Exner, F. M. Über die Wechselwirkung zwischen Wasser und geschiebe in flüsen. 

Akad. Wiss. Wien Math. Naturwiss. Klasse 134, 165–204 (1925). 

27. Einstein, H. A. The bed-load function for sediment transportation in open channel 

flows. U.S. Dept Agric. Tech. Bull. no. 1026 (1950). 

 


