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Snow cover duration/soil nutrient cycling

M. Freppaz et al. / Applied Soil Ecology 62 (2012) 131-141
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Snow cover duration/soil nutrient
cycling
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Daily soil temperature amplitude

<1-2°C

Snow cover on the ground



Mean summer T (JJA, K)

Freppaz et al., submitted
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SNOW HYDROLOGY 30: SNOWPACK CONTROLS ON NITROGEN CYCLING 2187

I | |
_. | Frozen Soil | Freeze-Thaw I Absence of | Snow Cover
i Limits | Increases Carbonand |  Freeze-Thaw | Limits Primary
et Activity : Promotes Rapid Growth : Decreases Carbon : Production .
£ T I | Substrate | =
- @
E ! - |- " I E
- | ,-“ | ‘\\ | =
o 1 ' b ! &
i I | A | ]
| | \\ | =)
I | 5 l 'E
L I | % | B
| | N\ I H
2 | | \ i =
I | | N i
g | | | %,
E I | s |
= | | L
I I
L . . ™
4 I I
I |
- | -
1 L [ =

Zone | Zone |l Zone NI Zone IV
Snow Cover Duration
Figure 7. A conceptual model of how snow cover controls subnivial heterotrophic activity in alpine catchments at mid-latitudes. The
dumtion of winter snow cover increases along the X axis and total over-winter heterotrophic activity and N leachate increase along the
Y axes. The snow-pack contmols on subnivial microbial activily in turn exert control on the assimilation of inorganic N released from
the snowpack and the export of NOJ to surface waters

Brooks and Williams, 1999
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Validazione con nivometri a terra
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| nivometri e la fenologia delle specie erbacee




Plants as ecosystem engineers




Microtopografia:

Introduzione

| suoli a cuscinetti erbosi

(Earth Hummocks)

Tesi Laurea Pintaldi, 2014

Hummocks

Interummock

vegetale

Sollevamenti differenziali da gelo

Cryoespulsione di clasti

Accumulo di lettiera e materiale




Obiettivi

» Determinazione delle principali
caratteristiche chimico-fisiche dei suoli a

cuscinetti erbosi in corrispondenza d
hummocks (“up”) e interhummocks (“down”)

» Valutazione delle caratteristiche della
soluzione del suolo e andamento stagionale
(primavera-estate-autunno)

Tesi Laurea Pintaldi, 2014



Materiali e
metodi

Inquadramento geografico
3
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Materiali e
metodi

Inquadramento meteo -nivologico
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Materiali e
metodi

Sito LTER di Tellinod

* Monitoraggio flussi CO,

« Monitoraggio dinamiche
stagionali e processi
funzionali vegetazione

o Effetto dinamiche
stagionali (durata
innevamento e fusione)
del manto nevoso

ARPA

Valle d'Bosta

Tesi Laurea Pintaldi, 2014



Materiali e
metodi

Inquadramento morfologico




Materiali e
metodi

Inquadramento vegetazionale

Zone UP: ‘

Nardus Stricta
95-99%

Zone DOWN:
Crocus vernus, Geum
montanum, Trifolium _
alpinum, Arnica
montana, Polygonum 45-715%
bistorta...

Tesi Laurea Pintaldi, 2014

Immagini e rilievi Prof.ssa Siniscalco



Materiali e
metodi

Campionamento del suolo

« Data campionamento: 8/11/2013
* Prelievo del topsoil (0-10 cm)

e 60 campioni (30 up-30 down)
Tesi Laurea Pintaldi, 2014



Materiali e
metodi

Campionamento soluzione del suolo

profondita)

N°PRELIEVO

06/06/2013
14/06/2013
26/06/2013
04/07/2013
24/07/2013
22/08/2013
08/11/2013
10/12/2013

» Lisimetri (prelievo 20 e 40 cm di

* Prelievi da giugno a dicembre 2013

DATA




Analisi di laboratorio

Materiali e
metodi

Suolo:

Scheletro

Umidita gravimetrica
Tessitura

pH
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CSC e cationi scambiabili
Extr-DOC

Extr-DON
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P
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Tesi Laurea Pintaldi, 2014
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Analisi statistica della
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Tesi Laurea Pintaldi, 2014 Risultati
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Risultati

Tesi Laurea Pintaldi, 2014
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Microtopografia

U

Risultati
suolo

Pattern distribuzione manto nevoso

4

Data di fusione manto nevoso

Regime idrico e termico del suolo

Mineralizzazione SOM

Tesi Laurea Pintaldi, 2014
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Frost as ecosystem engineer

Suoli con morfologia superficiale a patterned ground nel Parco
Nazionale Gran Paradiso (Piata Lazin - Valle Soana)

D’Amico et al., subitted



" I[n ambienti caratterizzati da
basse temperature, il patterned
ground e una delle
manifestazioni piu spettacolari
dell’azione del gelo.

= || patterned ground e
classificato sulla base di:

a) Forma geometrica (es. cerchi,
poligoni, strisce)

b) Presenza o assenza di
segregazione (sorted o
unsorted)

D’Amico et a., submitted
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= | processi responsabili dell’origine dei
sorted patterned ground non sono
ancora completamente noti.
Recentemente Kessler e Werner (2003) [a B
hanno sviluppato un modello, secondo
il quale i cicli gelo/disgelo:

1) Inducono la separazione del
materiale grossolano e la
concentrazione del materiale fine in
aree separate;

2) Favoriscono il trasporto del materiale
grossolano lungo I'lasse maggiore.
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=\/alle Soana

mParco Nazionale Gran
Paradiso

mPiata Lazin



2. Materiali e metodi

Area di Studio

=Plateau Sommitale (3028
m slm)

=Dislivello: 2000 m circa
="Gneiss occhiadino

sTemperatura media
annua: -4°C

"Precipitazioni medie
annue: 1600 mm

D’Amico et al., submitted



Area di Studio

Lot ol et

D’Amico et al., submitted



Attivita di campo ed analisi di laboratorio (1)
" Mappatura sorted circles

=Prelievo tospsoil in 2 sorted circles: pH, colore, Corg, Ntot,
tessitura apparente, indice COLE

D’Amico et al., submitted



Attivita di campo ed analisi di laboratorio (2)

=" Misura temperatura suolo:
ottobre 2007-ottobre 2008 (data
loggers UTL-1)

=Stazione nivometeorologica
Lago Valsoera (SMI)

VIS

D’Amico et al., submitted




Mappatura sorted circles

=sNumero sorted circles/ha:
233

mDiametro sorted circles: 0.5-
5m

=Dimensione clasti sui bordi:
5-25 cm

="H bordi: 6-12 cm

D’Amico et al., submitted
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3. Risultati e Discussione
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mesi
oTT NOV DIC GEN FEB MA
20,0 180
—T aria
15,0 + | =— T suolo -+ 160
H neve BTS
100 | + 140
+ 120
A A A i + 100 _
© 0,0 o
V AT + 80
-5,0 + A |
+ 60
10,0 + W\/\ L 40
15,0 - V L0
20,0 - 0
BTS: -0.5°C
Probabilita presenza di permafrost: BASSA &
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p<0.05

Scheletro

Punti

ab

Ghiaia grossolana (20-75 mm), di forma angolare

D’Amico et al., submitted
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D’Amico et al., submitted



=l a presenza di vegetazione solo
sui bordi esterni evidenzia come il
fenomeno non sia piu cosi
espresso.

®|ln accordo con humerosi studi la
presenza di specie vegetali indica
condizioni relativamente stabili.

D’Amico et al., submitted




"la presenza di sorted
circles piu piccoli (5-10
cm) all’interno delle figure
di maggiori dimensioni
evidenzia pero che i

processi sono almeno in
parte attivi.

LNSA

D’Amico et al., submitted



=Nel sito oggetto di studio la presenza del permafrost e
probabile.

='organizzazione spaziale del materiale fine e del materiale
grossolano determina una discontinuita nella distribuzione
delle caratteristiche dei suoli e delle piante.

=|| processo di segregazione del materiale sembra ancora
parzialmente attivo, con la formazione di forme
“miniaturizzate” nelle porzioni centrali dei cerchi piu grandi,
che invece sembrano parzialmente stabilizzati.

D’Amico et al., submitted



Snow gliding and loading under two different forest stands: a
case study in the north-western Italian Alps
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2 STUDY PLOTS

Larix decidua Picea Abies

The chimate of the area 1s contmental hunud subarctic. with a
mean annual air temperature equal to - 4 °C and a mean anmial
precipifation equal to 718 mm. The mean anmual snow depth is
175 cm (historical dataset from 1913 to 2001, Mercall ef al
2003).

Two adjacent plots (40x40 m), located at the same elevation
and aspect, were chosen (Fig. 1): a) one within a larch stand
(Larch plot) and b) one witlun a spruce stand (Spruce plot). By
counting all trees in each plot (with stem diameter = 5 cm) the
average stem density was determined equal to 300 stems/'ha for
both plots. The crown canopy. measured as crown projection,
amounted to 60% for the Larch plot and 65% for the Spruce plot.
The average stem diameter was 40 cm and most of the trees were
mcluded in the range 3040 cm (10 cm interval). The natural

regeneration was generally scarce.

Viglietti et al., 2013



Physical snow properties

636 Journal of Forestry Research (2013) 24(4): 633642

Table 1. Physical snow properties - according to Fierz et al. (2009) - measured in the field during winter 2009-2010 (8 snow profiles) and

2010-2011 (3 snow profiles), under Larch and Spruce plots.

Parameter 2009-2010 2010-2011

Larch Spruce Larch Spruce
Maximum value of snow depth (cm) 60 66 28 22
Dominant grain type FCso, MFpc FCso. DHcp RGsr RGsr
Maximum gramn size (mum) 25 4 1.5 1.5
Mean hand hardness Index 3 4 3 2
Mean snow density (kg-m's} 277 229 220 270
Dominant grain type in the basal layer FCso, DHcp DHcp FCso FCso
Mean snow/soil interface temperature (°C) -3 8 -2.1 -1.1 -18
Date of snowpack 1sothermal condition March 117 March 197 March 14™ March 207

Note: FCso means solid faceted particles: MFpc means rounded polycrystals; DHep means hollow cups; RGsr means small rounded particles.

Viglietti et al., 2013



Snow pressure on trees

Swiss guidelines

Margreth et al (2007) applied the Swiss Guidelines with some
improvements in order to calculate snow pressure on cableway
masts. The snow pressure was calculated with the following

equation (Eq.1):
S'v=pe(H, | 2)KN (1)

where: S is the snow pressure component in the line of slope
per meter mun of the supporting surface along the contour line
[KN-m']. p is the density of the snow cover [tm” ], g is the
gravitational acceleration [ms~]. H: is the vertical snow depth
[m]. £ 1s the creep factor dependent on the slope inclination
and the density p, and N1s the ghde factor.

Viglietti et al., 2013

Mc Clung and Larsen (1989)

o={2/1-v)[(d' / D)+(L/H,)] J0.5pgdisny +
0.5[v /(1—v)peDcosy ]

where: ¢ is the maximal principal stress of the snow on a
structure [Nm™]. o is the Poisson coefficient deduced from Salm
et al (1971} We used v = 0.1 that corresponds to a mean snow
density of 230 kg-m'i, equal to the density we measured in our
plots; L/H:; 15 a dimensionless creep parameter calculated by
MeChing and Larsen (1989) equal to 0.27 + (»/12), D is the
snow thickness. g 1s the snow density measuwred in the field
[kg-m™]. g is the gravitational acceleration [m-s™]. w is the slope
angle, and 4 is the stagnation depth.

The stagnation depth is a fundamental parameter to formulate
the boundary condition at the snow/soil interface. We calculated
the stagnation depth " from the measured snow gliding rates
using Equation 5 (McClung 1974):

d =[uV, ]/[2(1-v)pgDsiny]

where: u is the viscosity. equal to 10" Pa for snow. I, 1s the
snow gliding velocity [mm/day]. According to Hoeller (2009) we
used the maximum daily snow gliding rate recorded during
winters 2000-2010 and 2010-2011; v is the Poisson coefficient.
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From our results, the snow/soil interface moisture significantly influenced
the snow gliding processes. In particular, soil moisture at the snow/soil
interface was related to the snow/soil interface temperature and both
parameters (Mi and Ti) were strongly regulated by air temperature.

The volumetric moisture increase of a relatively dry snow/soil interface
(10%-20%), seemed to be the most important factor influencing the snow
gliding rates: in particular snow gliding was observed with wetting rates
higher than 1.2%/day.

Viglietti et al., 2013



Modelling soil removal from snow avalanches: A case study in
the North-Western Italian Alps




Confortola et al., 2012

Load: 25 t/ha
Superficial deposit: 1.8 mm

Table 1
Main features of the avalanche events.
Event

Variable Legend 1 2 3
Ve [m'] Volume at deposition 7*10* 63*10° 2410°
Pin [kgm™ 7 Snow density at first survey 580 515 670
Prin [kgm™] Snow density at last survey 630 480 -
S [m?] Avalanche depasit surface at first survey 6.1*10° 29*10° 2410
Sgn [m] Avalanche deposit surface at last survey 315 7.3710° 24101
C; [kgm—] Sediment concentration last survey 241 37 10
M [kg] Mass of sediments 76%10% 27104 23%10°
Vo [m?] Estimated avalanche volume at release 16°10° 14*10° 24°10"
Hy [m] Estimated avalanche depth at release 154 1.40 1.04
So [m’] Estimated avalanche surface at release 11 1*10° 23"10°
Ag [m asl] Average altitude art release 2652 2652 2622
Ag [m asl] Algtude end mark 1058 1058 1098
Ly [m] Run out distance 3532 3532 3038

A; [m asl] Snow line altitude 1980 1900 2000




AVALANCHE MODEL

MgA = MgRL, (1)

with M [kg| avalanche body mass, A [m] vertical jump, L [m] runout
length, g gravity [ms 2], and R [.] flow resistance factor, ie. energy
dissipation.

The conservation equation of total energy E,, [Joule ] between two
sections, namely Section 1 and Section 2 along the avalanche track is
cast as

E, (1) =E,(2) +E4(1,2). (2)

with suffix dis indicating along track energy dissipation. The total en-
ergy can be split into potential and kinetic energy as

MU?
Emt = E;l:-mr f Eh’n = Mgﬂ f T {3}'

with U (vertically averaged) flow velocity. Merging of Eqs. (2) and (3)
yields

MU? MU

The energy dissipation may be expressed using a Voellmy like ap-
proach (Voellmy, 1955) as
MgLU?
EH

E, =Mglcosgp 4 4 Mchnsquh%H_ (5)

SOIL EROSION MODEL

Here we model ASR according to two different approaches, both
based upon a hydraulic analogy, ie. using classical approaches to
soil removal and solid load in rivers (eg Graf, 1971; Yalin, 1982),
namely i) excess of shear stress, ES, and ii) critical velocity, CV,

Confortola et al., 2012
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SNOW GLIDING PARAMETERS:
snow depth, density, gliding factor (vegetation, topography, etc,.)

AVALANCHE PARAMETERS:
fracture depth (DH3gg), friction parameters, erodible snow cover,

—> MODEL INPUTS

CLIMATE CHANGE
?7?7?



