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EGU 2020 Session CR3.3 Snow avalanche dynamics: from basic physical knowledge to mitigation strategies

Impact of land cover on avalanche hazard:
how forest cover changes affect return periods and dynamical
characteristics simulated by a statistical-numerical avalanche model.
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Context

Snow avalanches

are controlled
Snowfall Steep slopes

Forest/avalanche interaction

Temperature

| Detrainment approachl (Feist et al.,2014)

This approach explicitly extracts the snow mass from
the avalanche flow that had been stopped by trees.

(Gublerand [ Land cover : Forests I Friction approach l
Rychetnik, 1991)

* | by adjusting the friction parameters

* Example : Voellmy fluid flow law:

Total basal friction

|
|
|
|
|
|
snow avalanches. ' Fric =iy cos ¢ + 9,
| €n
|
|
|
|
|

Protection against 9
\ Dry Coulumb friction
| +A 0.02 in forests Turbulent friction
| Prevent avalanche Decelerate flowing in forests set to : 400 m/s?
release. avalanches. Assumption: Assumption: represent
! summarize roughness of path 2

| (Gruber et al.,2007) .
3 snow properties|

(related to land cover)
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1952 Avalanche

We hypothesize on the temporal variability of p,
inherited from its dependability on land cover,
particularly the forest fraction.

Forest fraction = the aerial percentage of the terrain covered by
forests within the extension of the avalanche path.

[ forest i 1952
I forest in 1980

== y/m 2017

. forest fraction: 0.46

Objective: show how the evolution of the forest fraction
within the avalanche path affects the return period of runout
distances and further dynamical characteristics of simulated
avalanches.
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Study area and collected data

Selected Path

Abriés 5 : RAVIN DE COTE-BELLE

-The selected avalanche path
is located in Abries, a

municipality of the Queyras
massif in the Southern
French Alps.

ONE - Cemagref

Path Characteristics

21 recorded events in total

3 events before 1952

17 events after 1952 (used for
calibration.)

T

Tc
23.07.2004
Snow avalanche data
—— topography
1 1 e observed release positions
Descnpnon 24007 a observed runout positions
Xstart (M) | release abscissa
- 2200 Road
Vatop (m®) | deposit volume £ [Read]
: 3 X51840 m
hstat (M) | Mean snow depth in the release zone 2 20001
=
Lstart (M) |length of release zone o
Istart (M) | width of release zone /
3 . 1600
Vstarteq (M”) | €Quivalent release volume . . ‘ . ‘
0 500 1000 1500 2000
Xstopdata (M) | runout distance Abscissa(m)

Topography and available historical data for the
case study. Abriés township, path EPA No. 5. 4
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Methodoloog

@ Model parameter calibration

5

Eckert et al. 2010 Direct acyclic graph of the stochastic avalanche model Output: Posterior distribution of model parameter
A S =Y R =l -
: hstart ~ Gammamix(bl.r b210h) " p~ U(Df 1) 1 % " g " % 5
' Lstart = 31.25 + 87.5 hgtart if Zik = 1 Xstartni ~ Beta(ar, az) |! z = z,
: if Zix = 0 Xgtartni ~ Beta(as, as) : gns Ens %u
Magnitude ! : o : & 0
modbl : g«z é 12 .édo
: M~ Nmix(crd!ero) E ‘:> %; _;18 %M
e Propagaton | l : - 5
@m) = G(Xstart, , Nstart, s Lstart, /M E@ £ . £ o £ :
R Qutput i
i Xstopaatai ~ N (Xstopi, Onum) : gzu '-Em
-------------------------  ttldeteteleledeteeleteteteebetats l
Frequency a ~P(A) N T = A(I—P(Xstlnps)(smp)) Return period C sgma ”
model
= Bayesian statistical-dynamical model used to calibrate = From the calibration process, we obtain
of the depth- averaged Saint —Venant propagation the posterior distribution of the model
model (denoted as G in the acyclic graph) using local parameters .
data.

= The friction law used is the Voellmy fluid flow law.



o

INRAZ I'AFI'FA St rencils & i
A " METEO
Univ. Grenocble Alpes FRANCE

LE RHOMNE- ALPEs

Methodolog
(‘D Model parameter calibration
Direct acyclic graph of the stochastic avalanche madel - Output: Posterior distribution of model parameter ® Avalanche slmulatlon (10,000 simulations per forest fraction)

e

— For the simulation, we introduce another parameter fk , the forest fraction in the
u LL LU |:<> path for t1, t2,t3 .. ,tn

LJ[:[ u~N(c +d Xstartni + ehi + g (fk-fmean), 0)
: T where g= cov(umean) = stdv(pi) /mean(pi) = 0.6
¥ : . f=0.24 f=0.46
M~N(c +d Xstartni + e hi, o) =016

Where f=forest fraction

» The model is implicitly calibrated for the mean
forest fraction of the calibrated period (1960-
2018). This fraction f=0.35 corresponds also to
the forest fraction in 1980 .

» We introduce a fifth parameter ‘g’ that characterizes
the dependency of p on the forest fraction.
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Results: Runout distance

I posterior distribution posterior distribution I posterior distribution
——return period return period return period
-3 - = 3 X=1000 X=1840 -3 X=1000 X=1840
3 R 1000 g X107 : 11000 3510 ‘ : 1000 ~
P(Xstop>1840)=0.00 P(Xstop>1000)=0.54 P(Xstop>1000)=0.68
P(Xstop>1840)=0.19 >1840)=
. - (Xstop>1840) o 3 Ps0p>1840)=03 P(XStOp>1000 m)
1800 0 800 2 800
g 15 g _ and
2 ° ° °
| 600 g z co0 ?ﬂ z “00 E P(Xstop >1840)
15 c 5 1 c § c decrease when
1 400 E 2 400 E 2 400 E the forest fraction
3 3 .
! 2. S increase
e \
05 200 o 200 & 200 -/
0 ——0 0 0 0
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Xstop(m) ; f=1 Xstop(m) 2017; f= 0.46 Xstop(m); f= 0.35
I posterior distribution I posterior distribution I posterior distribution
F——return period return period retum period
% 10-3 X=1000 X=1840 % 10-3 X=1000 X=1840 * 10-3 X=1000 X=1840
6 1000 T 11000 8 1000
P(Xstop>1000)=0.76 P(Xstop>1000)=0.84 P(Xstop>1000)= 0.92
P(Xstop>1840)=0.39 P(Xstop>1840)=0.42 1840120,
s (Xstop>1840) o g5 . . 7 P(Xstop>1840)=0.57 . For a completely
3 3 86 reforested path,
24 k! 24 g 2 9 i
> 0o 2 3 0o B 25 ., & | there is no
2. g g, E 2, E chance that snow
o o < .
E 400 E E 400 i E 3l 400 5 ava|anChes Wl"
g’ 5% g reach the road.
2 L
g : 200 2 . 200 2 200 K /
1!
0 L 0 0 L 0 gl o | 0 7
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500

Xstop(m); f=0.24 Xstop(m); f=0.16 Xstop(m); f=0
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Results overview: return period

Return period of avalanches that
reach the road at X=1840 m

increase with an increasing forest
fraction.

| Forest 1980 : =0.35 (mean) 0.3s

E Forest 2017: f=0.46
f=0.46
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Results overview : return period

JEL 0 f 0
8 —deltaf=0.46 8
5 -200 ——deltaf=0.24 S -200
. ° ~—deltaf=0.16 8 / ) \
Displacement of 3 —deltaf=1 % For return periods
= R = -
Xrout is more i 400 delta f = 0.35 f 400 Iarger than 20
q o :‘:’ _‘é T=20 years h
significant for 5 600 3 600 years, the
smaller return 3 &3 displacement is
periods (less E 80 g 80 less intense and
g ]
than 20 years). ° T=20/years 2 roughly constant.
k y ) / ;-1000 ; -1000 ——delta f=0.46 K /
g s ——delta f=0.24
——delta f=0.16
E -1200 g -1200 — deltaf=1
2 a ——deltaf=0.35
8 1400 8 1400
0 4 6 8 10 12 14 16 18 20 100 200 300 400 500 600 700 800 900 1000
Return period (years) Return period (years)
1000 —
— 2017,f=0.46
900 - — 1952, f=0.24
1825, =0.16
— 1980, f= 0.35 (mean)
800 — — =0
=1
700 —
- 600
g
@
2 500
5
& 400 |- The larger the forest fraction
w0 the higher the return period of
runout distances.
200
100 —
T=20 years
0 — _I _____ p—— — I_ 9
200 400 600 800 1000 1200 1400 1600 1800 2000

Xrout (m)
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Results overview: evolution of the maximum velocit

The graphs below show the evolution of the P(Vmax|Xstop>X) of the maximum
velocity at X=1000 m for f = 1, 0.46, 0.35, 0.24, 0.16 and O. e
E
[ P(Vmax>10)= P(Vmax>10 | Xstop>1000) P(Xstop>1000) }
. 95% Cl: 18.5¢ 14.34 e T ooy 95% Cl . 2243 TG0 L 9s% ol 23.4s
0.12 : 18.50 . o . ] 0.045 M 224 95% Cl: 22.4+ 0-33* 0.045 - i M 234 95% Cl: 234 0.29 1600 1 — topography X=1000 m x:te?u/
‘ 004 . 004f 0 500 1000 1500 2000
< X Abscissa(m)
< 0.1 X 0035 A 0031
A 2 8
E. 0.08 E 0.03 >(2 003
% P(Vmax>10) . 0.025 % 0.025
x o =0.04 g oo £ oo2f
>
£ S 0015+ & 0015+
= = | When the forest
002 fraction decrease,
0005 0005 :
, , , avalanches with
0 5 10 15 220 25 0 35 4 o 10 20 3 4 5 60 70 o 10 2 3 4 5 8 70 higher velocities
Maximum velocity sim X= 1000m;f= 1 Maximum velocity sim X= 1000m;f= 0.46 Maximum velocity sim X= 1000m;f= 0.35 occur
0.05 Ur:10.3 T 24\4 cw' .v T 0.05 v104 T T vu v T 0.05 T I T T T T
o5 H:24.4 95% Cl:24.4£0.27 | o5 p: 252 95% Cl:25.2+ 0.26 ooust H:26.5 95% Cl: 26,5+ 0.25
004 004 < oy10.8 No extream
% 0035 - %0.035 — A oosst P(Vmax>10=0.89 variation in the
o] -
2 oost _8' 003 B 003f mean maximum
k7 7] X g
X 0025+ X 0.025 = 0025¢ Ve|OC|ty between
- % _
& oo g oo E oo forest fractions
§ 0015} > 00157 @ 0015F
T o
0.01F 0011 0.01
0.005 0.005 - 0.005
0 0 0 10
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70

Maximum velocity sim X= 1000m:f= 0.24 Maximum velocity sim X= 1000m:f= 0.16 Maximum velocity sim X= 1000m:f=0
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Results: evolution of the maximum flow depth:

2400

The graphs below show the evolution of the P(hmax|Xstop>X) at X=1000 m for
f=1,0.46,0.35,0.24 ,0.16 and O.

2200

2000

Elevation(m)

1800

- 95% Cl: 2.55 £1.87 95% CI: 0.97 + 0.02 95% CI: 0.98+0.02 | ..

pi2.55 09

— topography X=1000 m x:we?um/

0 500 1000 1500 2000
Abscissa(m)

i}

The smaller the
forest fraction,
o larger avalanches

00 . 1 2 3. 4 5 6 00 . 1 2 3 . 4 ; 6 7 00 . 1 2 3 ) 4 g 6‘3 7 Wlth Sllghtly hlgher
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1. Asses how evolution of the forest fraction impacts, the return period and dynamical characteristics of
snow avalanches when included:

a) As a partof the turbulent friction &. To increase TBF ¢ must be decreased.
b) As apart of both the turbulent friction & and the dry —Coulomb friction p.

2. Future work will include the explicit calibration of the forest cover dependency within
the statistical-dynamical approach.
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