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Introduction

e Having more than 1/3 of his territory composed by mountains,
snow is relevant for Italy :
— Water supply for human , agricultural and industrial activities
— Hydropower

— Tourism

 Snow is widely monitored for both operational and scientific
purposes by several entities at regional and national scale.
Nevertheless a coordination at national level is not yet
implemented

e Two examples will be presented today: operational service from
a regional entity (ARPA-Veneto) , research acrivities at
Politecnico di Milano



SWE measurements at CVA
(Arrabba Avalanche Center) - Italy
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/a ggche Ce%er' (CVA) Arabba- Italy

>UDDIVISIONE GE%&'.‘AEF&HE#PELL s banil] CVA —is part of the ARPA (Regional Agency for
the Environment) Veneto and participate to the
network AINEVA (Alps and Apennine Network)

CVA is the reference center for avalanche
monltormg and predlctlon in the eastern Italian
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The Density measurements

 Hydrology : the measurement aims to
compute the water availability (vertical
sampling)

* Nivology : the main objective is the!
snowpack monitoring for _avalanches
preditction (horizontal sampling)




Hydrology : Vertical Sampling

" *" Pristine snow

Every 15/30 days from February to June
« 39 Sites (932 - 2635 m)
 Continuously From 2006 - 1000 samples!



-

Sampling Methodology

- 3 vertical cores at 70 cm distance

Selection of representing area (snow stake) Sampling Execution
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It is required to reach the soil/snow interface .

Tn ~race nf Aoeon enaivr - enan Rite Aaroc oxvraviato A |




-

m .

g
—— |

Codicas Altezza neve Peso neve S.W.E. Ares dbbase formi Densita neve
Nun:uzro Localita stazione e Data rillie\ﬂl'.h {mj} (Kgl {mmy & {Kg/dm®)
staziene stazione | | Rim | iz | mies |0 | e | mipe | mies | Y0 | swer | swez | oswes | Y | oena | oenz | pens | VOO
media media media medio
i Ra Vales ARFLO- 2615 | 01/02/2006 022 i : 0,22 : : : : : :
2] Lagazuoi ARPLL- 2531 | 02/02/2016 030 ¢ 031 ¢ 030 0,30 020 o0zl ¢ 020 0,200 80 82 i 78 20 0,267 ¢ 0265 § 0,260 | 0,264
3 Monte Piana ARPLA - 2265 || o01/02/2016 | 015 | : 015 : : : : : :
4 Passo Giau ARPOS - 2140 [ 02/02/2016 013 o012z P o013 013 [ = R 1 0,077 32 1 30 i 30 31 0246 ¢ 0250 ¢ 0231 | 0,242
5 Faloria VBB3IS- 2120 || 27/01/2006 || o029 | 029 o029 0,329 013 | o013 ¢ o013 | 0125 50 ¢ os0 | s 50 0172 | o7z | o017z | 0172
6 Passo Falzarego Km 109 VBB39 - 1985 [ 01/02/2018 019 o019 o018 019 [ T v B A e N 0,112 44 1 48 1 44 45 0232 ¢ 0242 ¢ 0244 | 0,239
7] Casera Coltronde ARPOT - 1950 | o1joz/zo1s | oz : 0,71 : : : : : :
g Col dei Baldi ARPOL - 1900 [ 28/0L1/2018 025 1 024 ! 025 0,25 014 Po0l4 o014 0,135 54 i 54 1 54 54 0,216 : 0225 § 0216 | 0,219
a Casera Doana ARPOE - 1898 | o1joziz008 | 0z : 012 : : : : : :
0] Passo Tre Croci VBB23 - 1800 || 02/02/2018 010 o008 io0ll 0,10 008 o007 o008 0,075 32 00 2@ %30 30 0,320 | 0311 | 0273 | 0301
11 ] Misurina ARPL3-1750 | o0z/0z/2016 | o007 i ooos o009 [ oos || oo oope o007 | 0077 EAJIR R R - 31 0429 i 0425 i 0311 | 0388
12 ] Malga Dignas VBBOS - 1676 | 01/02/2006 : : : : : : : :
13 Passo M. CComelico ARFLZ- 1650 || ol/oz/2016 || o025 | 022 | 025 0,24 016 | 015 | 017 | 0158 & | &0 | 66 a3 0256 | 0273 | 0264 | 0,264
14 Mante Siera ARFOG - 1630 [ 28/01/2016 o013 o020 P o025 0,21 o1l o012z P o013 0,113 44 1 48 i 50 47 0244 ¢ 0240 & 0200 | 0,228
15 Passo Duran ARFOZ- 1590 || ol/02/2016 || 000 | 000 0,00 0,00 : : : : : :
16 | Pocol ARPO4 - 1540 | 01/02/2006 000 ¢ o000 ¢ 0,00 0,00
17 ] Forcella Cibiana ARPOS - 1520 | 01/02/2006 000 fo000 | 0,00 0,00 : H : H H H
8 Passo S.Antonio VBBL - 1436 [ 0L/02/2018 T A = B v 0,10 01l 00 o010 0,098 42 1 3@ 1 40 39 0,382 ¢ 0400 & 0400 | 0,394
19 Jlimabanche Ospitale 5551 km 114, ARPO3 - 1450 | 0l/02/2006 | 000 i 000 i 0,00 0,00 ; : ; : : :
20 ] Malga d'Oten VBE32- 1387 | 01/02/2016 000 ¢ o000 ¢ 0,00 0,00
21 ] Corte di Cadare - C V. VBESS - 1236 | 01/02/2006 000 o000 § 000 0,00
22 ] Cretta Sappada VBBO3 - 1265 | 01/02/2006 000 o000 ¢ 0,00 0,00
23 Padola VBEL4 - 1255 | 01/02/2006 000 o000 000 0,00 : : : : : :
24 Centrale Frison VBBLZ - 1178 | 28/01/2018 T v = R A 0,08 004 o004 Po008 0,040 1w i 14 i 18 16 0200 ¢ 0175 § 0200 | 0,192
25 ] Cortina Costeana VBE36- 1142 | ozjoz/2005 | o000 {000 0,00 : : : : : :
26 ] Fusine Sponda Destra VEBESE - 0L/02/2016 006
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Example of snow samplers (vertical)

Plexiglass tube -
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Fleld Exper'uence demonstrated ’rha;'l: PIexuglas Tubes proy |de ﬂ; ter
performances in term of measuramen’r r'ehablll‘ry and-a -
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- Per layer
- 1/3 of the layer 2} 7%
- Onlyif layer thickness > samgler dlameTer' b S
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Examples of snow samplers

. da 0,0005 m3 | &
(different Iengh’r 19- | i
17-13 Cm) ’

Wﬁv(useful for thin
layers)




Sampling collection

S‘amp er in the snow (no compact the snow!)

Sample 'wéigh’r



Example of snow weight directly using the snow sampler
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A new tool for snow hardness
measurement : The AVATECH 2 probe

* Snow Penetrometer measure the snow
resistance to penetration

« 3 IR sensors provide to the distance
measurement (thickness layer)

« Data are directly acquired in a
WEBGIS platform




AVATECH 2

« Data are available in real time
 Probe evaluation and validtion is in pjro

/A AVATECH
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Snow measurements @ Polimi (Italy)

Liquid water content (continuous in time)
Snow depth (spatial variability)
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Why continuous-time measurements of liquid
water content?

1) Need data to validate a model of snow

dynamics in wet conditions (see De Michele et al.
2013, Avanzi et al. 2015)

2) Most techniques are destructive and need a
pit to be excavated. Non-destructive techniques
are still not widespread.
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Why measurements continuous in time of liquid
water contents?
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Black: data (manual), Red: HyS (with MF), Blue: HyS (without MF)

Avanzi, F., Yamaguchi, S., Hirashima, H., De Michele C. 2015. Bulk volumetric liquid water
mmeORteRt in a seasonal snowpack: modeling.its dynamics in different climatic conditions.
Advances in Water Resources.



Density (kg/m3)
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Why measurements continuous in time of liquid
water contents?

Calibration year (1994/1995) An example of validation (1993/1994)  An example of validation (2009/2010)
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Measuring LWC using capacitance probes

Snow pit

Density
estimation

Capacitance
probes

Avanzi et al. (2014) Continuous-time monitoring of liquid water content in snowpacks
using capacitance probes: a preliminary feasibility study, Advances in Water Resources.
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Measuring LWC using capacitance probes

Location: around 2000 m a.s.l. (Cancano,
Lombardia, ltaly)

Dates: April 2013
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Measuring LWC using capacitance probes
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Measuring LWC using capacitance probes

Problems

Air gap
development
when placed in
snow, after
hours

Shielding effect +
localized melting =
Difficulty in MR
registering
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Measuring LWC using capacitance probes

Location: around
2000 m a.s.l.
(Cancano,
Lombardia, Italy)

Dates: April 2014
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Measuring LWC using capacitance probes
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Mapping snow depth using UAS systems

De Michele et al. (2016), Using a fixed-wing UAS to map snow depth distribution:
an evaluation at peak accumulation, The Cryosphere, 10, 1-12, 2016.
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Mapping snow depth using UAS systems

AQ/

Orthophoto
(Autumn 2013)

Location: Malghera,
Lombardia, Italy

Lago Malghera

%] 2319.1

500 Meters
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Mapping snow depth using UAS systems

N

A

Orthophoto
(Spring 2014) |

Location: Malghera,
Lombardia, Italy

Lago Malghera

9, 23191

500 Meters
. |
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Mapping snow depth using UAS systems

Snow depth map
Legend

® Probes data
Snow Depth (m)[  [22-23
B o-12 | 124-25
B 13-14 [ 126-27
v B 15-16 [ 28-29
o 17-18 N 3-3.1
ed [ ]1.9-2 B 32-33
N 121-21 Bl z4-44

Lago Malghera

2319.1

500 Meters
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Mapping snow depth using UAS systems

ID Hpy [m] Hypyas Iml Hy —Huas Im]l Huas/Hwu
1 1.48 1.40 0.08 94.6%
2 2.07 2.06 0.01 99.5%
3 1.75 1.96 -0.21 112%
-+ 1.88 2.05 -0.17 109%
5 1.68 1.93 -0.25 114%
6 1.85 2.13 -0.28 115%
7 1.96 2.03 -0.07 103%
8 2.11 2.17 -0.06 102%
9 1.91 1.96 -0.05 102%
10 1.89 1.81 0.08 95.7%
11 1.45 1.49 -0.04 102%
12 1.60 1.52 0.08 95.0%

Average difference [m] -0.073

St. dev. difference [m] 0.128

RMSE [m] 0.143
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I\/Iapping snow depth using UAS systems

Legend
UAS DSMvs.RLDSM (5m)[ | -1.31--0.51
~ I -6.61--5.39 [ 1-0.509 -0.304
B 5.38--458 [ 10.305-1.12
-457--3.76 P 1.13-1.93
. 0 -3.75--2.95 B 194-2.74
) I 2.94 - 2,14 B 275-356
~J0-213--1.32 B 357-558

Evaluation of
autumn survey

500 Meters
| ] | | | | J
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Mapping snow depth using UAS systems

Techmique VT {m3} Vouas — WV {m3}
Arithc mean 3691463 945059
IDW 3682169 954353
Thiessen 3634005 1002517
Knging 3084331 952192
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