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Unravelling uprooting Type 1

Data collecting periods

1 2 3 4
resaree |

PLATEFORME DE CONSTRUCTIONS HYDRAULIQUES

Disturbance No

S
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- Root length density
o distribution p€(l,t)
2t
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E |
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I""I{"ﬂ .......... T T T T
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po™ (t) .
; t,= 23 days ,L t, = 4 days R Time t [days]

Disturbance regime

(Perona et al., Adw. Wat Res, Part 1, 2012)

——

<<1 no colonization (bare)
L. l, o
* t4 hydraulic time scale (short) — —< <1 competition (patterns)
t .
* t, hydrological time scale (medium) b >=1 no uprooting (all vegetated)
* t, biological time scale (long) ty/t, ty/tn,<<l ~—> Noise
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Uprooting type I: stochastic modelling

Flood Q ata collection (stem length, BPC(L t) 8 c
tf ?ootler!!qth and(numller)g i T — 8l [a (lt)] — P (l,t)é(l.t), E(la t) — F(t)G(l)
s ) ! )

G(l) — %puprooting(l)
I F(I) — { 1 - lp € [(I’l - 1)(171 + td), n(th + td) - th]

average
germination

seeding‘
/ i D
0 tg to Hime tiiith
© — uprooting l) = dx.
Pty =8(1) 8o P = [ pl@)do

0 else.

t
pe.(I,t) = / P (1, )Py (t,) dt,
0

We use Superstatistics theory (Beck and Cohen, . > 1
Physica A, 2003) to introduce the stochastic role Pge,gr(l; 1) = / Pge(l, t)pgr(k)dk G(l) = T—e"‘e’.
of both germination time and growing rate Smax . ¢
1 Te,ke (Z e—kean (1 e erd)> l The constancy
Pe (L) = n= Iy (—) be obtained on
1 decays expone|
The probability for plant to be uprooted is simply Qt(l) _ No.r.n-z,(f)] ge,gr(l 1‘) (l, t)

(Crouzy and Perona, Adw. Wat Res, Part 2, 2012)
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Crouzy and Perona, Adv. Wat Res, 2012
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Mechanical action

Exposure time

Perona and Crouzy, PRSLA,
2018

E — _vsed(L,t) am g(L, t)f(t), A |
% = ’Used(t)g—z - %g(t)%, Vi 78 ) )
p(L,t) = 0 for L - +oo
) | —(L+V(t)—Lo)2 V(t)(Lg—L¢) (L+V(t)_2Lc+LO)2
p(L’ t) - \/—T() e 4G(t) —e GO TelO)
4G (t

L™ (ﬂzﬁ e om 2W(T)>
T T) =
pr(T) 2/7G(T)3/?
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Figure 4. Time dependent evolution of the pdfs, p(L,t) (a-c), and their mean (d) for the erosion processes shown Figure 7. Probability density functions of time-to-uprooting, p(1') for the erosion processes shown in Figure 3a,b for
in Figures 3a where Lo =3 and L. = 1.5. Line thickness and type correspond to the adopted erosion functions. a) different magnitude of process variance: al,b1) g=0.1; a2,b2) g=0.5

t/t=0.25; b) t/t.=0.5; ) t /te=1
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Bank erosion rate (Partheniades, 1965), with ky and a
parameters (usually taken as constant)

&= ka(t — 1c)°

Soil reinforcement by roots (extended Mohr-Coulomb)

T=¢ + (0 —uy)tan ¢’ + (uy — uy) tan ¢p° + S;

(e.g., Waldron 1977; Wu et al., 1979; Waldron and
Dakessian 1981, Pollen and Simon, 2005; Docker
and Hubble,

2008)

Effect of roots on critical shear stress (e.g.,
Paola, 2001)
Te = Teo(1 + 01p),
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Biomass selection hy floods
Thur flood
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» Statistical distribution of floodplain biomass

Biomass that survives and
keeps growing (after flood)
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The role of soil topography

>
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Pasquale et al., Hydrol. Proc., 2014
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- Deposition of sediment has a protective effect only up to a certain amount of deposit;

- The mortality curve is asymmetric

- Surface roots contribute more to sediment stabilization, but when that layer is removed the plant is uprooted;
- Deeper roots contribute less to sediment stabilisation, but increase the return time of uprooting events
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Woodlogs may resprout and survive
according to opportunity windows

Fd,n + Fd,t + Fn — R(Lr)a

Fd,n + Fd,t + Fn — Fmax (Lr)a

Frax< Root length

|.  Roots too short compared to drag = uprooting

Il. Roots grow and overcome drag = resist

lll. Stem leaves grow, drag augment more than root
resistance = uprooting

IV. Roots are well developed, drag not sufficient = survival
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Bau et al, JGR 2019
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=

Source: Schalko et al. 2019

0.43 0.6
Voz dP

LWp = x,
i 2gL; Lp P

- Large wood is mobilized during large events;
- LW is deposited within secondary channels, on river bars and at bridge piers;
- LW have an effect on river morphodynamics and safety of structures
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The morphodynamic tryade
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1
C .00‘\{[\‘ eanth

Study of the planimetric, morphologic, ecologic evolution of riverine environment.
Three key ingredients

Water/air Morpho-

Sediment dynamics




Timescale involved
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- hydrodynamic, hydrologic, biologic;

* t4 hydraulic time scale (short)
* t, hydrological time scale (medium)

* t, biological time scale (long)

—

y <<1 no colonization (bare) Consider for the sake of simplicity just a 1D model
“h o<1 competition (patterns)
A i %+U%—I—g @4_% _|_Cf(¢)||U||U:O
b >=1 no uprooting (all vegetated) ot or or Or H
- OH OUH(1—m,¢)
et at 8z =0
ta/ Th; T/ Tp<< —> Noise P 2 3/2
; n 0 U . B
(1—2A) 5 T kas (CQGY1/3 — (72 +m7¢)) =0,

Perona et al., ESPL, 2014; Baerenbold et al., WRR, 2016 8@1’) 824)
Bertagni et al., PNAS, 2018 — _

/ / — =g (1 +Vp ==

g¢( ¢) 852

ot o f(’l, U)¢
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1. Vegetated fronts in convectively accelerated streams
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2. Transition between vegetated and unvegetated stages cH

Be rtagni et al.' PNAS’ 2018 PLATEFORME DE CONSTRUCTIONS RAULIQUES
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: . eng. applications
- Vegetation dynamics
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Molnar et al., 2008; Perona et al., WRR, 2009

mm Water and Sediment

PLATEFORME DE CONSTRUCTIONS HYDRAULIQUES

1933

Bi Grass
mem) e, : Shrubs B Water
[‘v -' -
/ { \ mm Forest Sediments
J . it 'Grass
Cevio | Switzerland / -
‘ [ Shrubs
55 I Young trees
=008 I Old trees

7 1No vegetation

1989

1933

—_— Tegna o
(255 ms.m.)

1 50 | | | | I I | I I I I I 1 50 T T T T T T T T T T T T
125+ - 125
— a) Year 1952 b) Year 1992
»n 100 - 1001 -
~
"’E 75+ - 751 i
—  50F - 50+ -
c 25+ - 25+ -
0 } | e | | | | | | 0 1 1 1 1 A L 1 1 1
Jan Feb Mar  Apr May  Jun Jul Aug  Sep  Oct Nov  Dec Jan Feb Mar  Apr  May  Jun Jul Aug  Sep  Oct Nov  Dec

c Pr-L I e



150

3 fdA gz Poisson Year 1992
#  process
7 ws __ . 50
2 L Jan Feb Mar Apr May  Jun JuI Aug Sep  Oct  Nov Dec
§ Perona et al., WRR 2009; Me
dA,. Perona et al., Ag. Sci.
dr Co=Cs=Ms 5009
[
dA;
& { %5 -c,-M,
7] dt
dA;
=Cp-M,
k dt Maggia main channel

PLATEFORME DE CONSTRUCTIONS HYDRAULIQUES
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4. Plant Roots Steer Resilience to Perturhation of River Floodplainsgipcr

100

Bau, PhD thesis, 2020
Bau et al., GRL, 2021
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