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ABSTRACT

To adalle, meny izl apy hes are ilalsle in studying water (ow and sediment dynamics abong rivers
from the resch 1o the walershed assle, based on various simplifications. The aim of the present reseanch B o
dermonstrate how the so-called “morphodynamic quasi-equilibrium by potheis™ is ellective inmodelling riverine
landsacape morphodynamics evolulion al the wistershed scale, focwsing on the bog term changes of longitudinl
profile amd bed graingize composition of Large alluvial rivers. & lumped 00, two-reach, two-graimiee model
baged on the Local Uniform Flow hypotbesis and originally developed for reproducing Muvial changes at the
historical time scale, has been applied w three lrge wolercourses o reproduce their long-term evalution,
perlorming & sensilivily analysis basasd on the present conditions. Thres morphometric paramelers were ang
lysed, aiming Lo deseribe the evolution of U kagitudisal profile (concavity and aggrading) and e graimsiee
composition of U river bed (lining). Though the 01 approsch does ool allow Tor a spatial distribution of tee
inparl parameters, namely Use liguid and solid discharge, the modelling outcomes show ressonably good gua
linstive tremds. A U scale of analysis (centuries o milleanis) and for the chosen large sedimentary systems
(thousands of kilometres long), which show high inertia 1o geomorphological changes likely owing o Uheir
lomgitisdinal scale, Uve nusdel can be helpiul in detecting where Use present conditions refled a big disturbance o
e “matural™ tremd. This mitial detection method can provide sdditional insights in evaluating the capability of
actual rivers Lo respomd Lo the present extermal lordng, evenlually reaching @ quasi-siable configuration.
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A reviewer’s question

Scientific method (as from Galileo Galilei, 15.09.1640)

«among the unfailing ways to obtain
the truth is to place experience X , e

) i ] e I'anteporre |'esperienza a qualsivoglia
before any discussion, not being discorso, non sendo possibile che una
possible the truth contradicts real sensata esperienza sia contraria al vero»
experience of senses»

«tra le sicure maniere di conseguire la verita

Can we prove numerical result of millennial evolution to be wrong?
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Numerical vs experimental modelling

Long-term evolution 0-D model:
- Two reaches (mountain and lowland part)

a)

G(1) ¢ - Constant width available for river wandering
p( o
d t - Two grainsizes (fine and coarse)
', Pu(t)
Local Uniform Flow conditions (liquid phase)
H.. Constant solid and liquid discharge (BC
upstream)
Of I —y— 3 ¥ - Selective transport (no abrasion)
watershed conjunction point 3 downstream
barycenter upstream closure closure
section section
b)
o ~ = Kinematic wave hypothesis (liquid phase)

Sediment rating curve (solid phase) P(t) = M (1)Q(t)™
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Numerical vs experimental modelling

Long-term evolution: Ganges River
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Numerical vs experimental modelling

Experiment as from Paola et al., Science 1992:

A =

Percent of input
]
1

1 I
0.06 0.25 1 4 16 64

Grain size (mm)

B
Sediment input

Horizontal initial surface (gravel deposits develops)
Constant solid and liquid discharge (input from upstream)

Selective transport (no abrasion)

Bimodal distribution of fed sediments
(two representative grainsizes)
Schematic of the experimental flume setup

s TN | e

/ Undular hydraulic jump

< i\ Duration of the
I\ experiment: 16h 50’

Free overfall
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concavity v concavity y

concavity y

Numerical vs experimental modelling
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Experiment from Paola et al. 1992, numerical replication:
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Validation, really? —

Long-term evolution at geological time scale:
- numerically doable
- field measurements or laboratory investigation cannot cover it

- Resulting values are to be considered as trend indicators (uncertainty is
too high and cannot be reduced)

- Lab-scale results can highly depend on chosen IC, translated numerically
this yields to a bunch of different outcomes, sensitivity analysis has been
performed over some peculiar IC (Nones et al., Catena 2019)

- Modelling outcomes at short-scale show qualitative fit to experimental
results
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Assumptions embedded in modelling create distortions (reality entails some
chaotic component hardly handled):
“all models are wrong, but some are useful” George E.P. Box, 1976

Choice of equations, initial and boundary conditions are closely related
upon the scale of analysis, short-term observation cannot prove wrong
long-term results and vice versa

After validation the range of validity of results depends on:
- equations (related to temporal and spatial scale)
- boundary and initial conditions
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Paola et al. 1992
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Paola et al. 1992
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