Understanding the impacts of hydrograph transience on sediment transport
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Quantifying forcing at different scales

Grain Scale
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Flood scale
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Grain scale — Hysteresis within bed load transport at instantaneous flux scale
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Experimental flood scale — impulse accounts for variability in transient forcing for sediment mixtures

: Dimensionless integrated potential
Experimental hydrographs bedload flux
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Despite substantially more complex bed dynamics
for the bimodal case, the integrated bedload flux
can be understood through the impulse once
accounting for changes in the threshold of motion
and the evolution of the bed grain size. 101§
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Sequences of floods - Tracer particle dlslacementacross multlle
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Mean displacement

Key point. Impulse parameter connects tracer displacement across multiple
time and space scales demonstrating that average sediment displacement is
determined by the excess integrated fluid momentum imparted to the bed. At
multi-annual timescales the integral within the impulse reduces to the average
shear stress above the threshold of motion (which is the bankfull flood) times
the duration of the hydrograph that is above the threshold of motion.
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Decadal to Landscape scale — river channel self-organization allows longer term forcing simplifications
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Abstract. Sediment transport is an inherently challenging process to predict due to a variety of granular and hydrodynamic phenomena.
These challenges are only enhanced in natural systems where the forcing of the hydrograph and the availability of sediment is decidedly
unsteady. Here we show through several field and laboratory experiments comprised of sediment flux and tracer displacement under
unsteady hydrographs that their dynamics can be understood through the application of an integrated forcing metric (impulse), where the
impulse represents the integrated excess transport capacity of a flood or a sequence of floods. When viewed through this framework we
show that the cumulative bed load flux and tracer displacement from the particle flight length scale up to multi annual timescales are
linearly related with the impulse parameter despite highly unsteady forcing. By considering the integrated forcing and sediment flux the
transience of the hydrograph can be recast into a simple linear relation with parallels to long term landscape evolution models, where the
details of the hydrograph are approximated as a characteristic flood stress times an intermittency factor. Through the use of an impulse
metric we gain new insights that are obscured when only considering the instantaneous fluxes.
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