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On site measurement
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SNOW measurement

manual measurements
Automatic W. Stations
Satellite images
snow-specific sensors
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WMO Guide to Instruments and Methods of Observations —

Measurement of Glaciers
Posted on 2024-02-21 by Charles Fierz

Guide to Instruments and Methods
of Observation

Volume Il — Measurement of Cryospheric Variables
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1.15 m diameter

Figure 2.6. Cross section of a fixed snow stake illustrating how to interpolate and observe
uneven HS across the face of the stake due to a sloping snow surface (left), welling (middle)
thspun.sg area and mounding (right).

2.31 m diameter
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Winter 2023-2024

After the early winter snowfall,

winter seemed to be headed for a
new spring drought.The
atmospheric circulation changed
dramatically in the 3rd decade of
February, and a long period of
heavy snowfall was established,

Alpi HSimed (1500-3000 m)

140

especially in the Western Alps (W)
with much snow at high altitudes
and in some valley bottoms. The
graph shows the trends of the 2
major sectors of the Alps (W and E)

compared with the 1991-2020
average
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New Snow

SAl Index

Alpi italiane

©
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The new snow in late
February-March and April,
determined the seasonal
cumulus in balance with
higher values in the W alps

and negative values in the E
alps




deviation from the mean NDJ and FMA
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Neve fresca (HN)
X febbraio - aprile 2024
&5 scarto in cm dal valore medio 2010-2023
= il Ry .
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Neve fresca (HN)
novembre 2023- gennaio 2024
carto in cm dal valore medio 2010-2023

Valt&Cianfarra, 2024 Valt&Cianfarra, 2024

In the 2 maps la the deviations in cm of seasonal fresh snow accumulation
from the 2010-2023 average for the November to January period (NDJ)

characterized by low precipitation and the February to April period (FMA)
decisively with more snow




Snow Cover Area

In the 2 MODIS images, the situation in February after the long warm period and the situation in
March after snowfall and short period of mild temperatures. The images are elaborations of
spectral combinations of bands 3,6,7 (red-colored snow) from the MODIS sensor of the Terra

satellite. Processing by CVA Arabba..
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Agenzia Regionale per la Prevenzione
e Protezione Ambientale del Yeneto

Snow Cover Area Fiume Piave [%}
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The extent of snow cover (SCA) was greatly affected by temperature trends 2 - At
that resulted in snowpack melting at low altitudes and along sunny slopes 4 T
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Media 2024

H5ipeq Indice di altezza neve

Lago di Cavia (NDJFMA).

The average HSimed snowpack thickness was always in the normal range HN 1600 m [cm]
(yellow band) until the 2nd decade of February and then increased sharply

399
with a lot of snow, especially at higher altitudes. . 364 -
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Lots of snow at high altitude, MAM snow.
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what trends?
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LESS SEASONAL SNOW

Cumulo stagionale di neve fresca - SAI INDEX
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We are in a period where it snows less than the 1970s




SAl Index

LESS SEASONAL SNOW

Cumulo stagionale di neve fresca Dolomiti

ITALIA

Neve fresca caduta (HN, cm)
e Inverno 2022-23
Scarto dal valore medio_dic-apr 2
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We are in a period where it snows less than the 1970s
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The snow regime from 1961 to the present

Neve al suolo (HS,,,.,) bassa quota Neve al suolo (HS,, .4), alta quota

—1991-2020

§
3 —1991-2020
a) —1961-1990

—1961-1990

l-ott 1-nov 1-dic 1-gen 1-feb 1-mar 1l-apr 1-mag 1-giu

l-ott 1-nov 1-dic 1-gen 1-feb 1-mar l-apr 1-mag 1-giu

Looking at the 30-year climate trend, the regime change especially from mid-January
onward is evident
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The snow regime from 1961 to the present
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It is snowing less, and this is a trend that has been going on since the 1980s that is also
affecting the average thickness of snow on the ground).
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Low-altitude ski

Repercussions on skiing

Data for the Italian Alps, show an
increase in snow elevation of 233 m
for every 1°Cincrease in CROCE D’AUNE
temperature. IN ASCESA

areas are at risk

Una stazione turistica civettuola; que-
sto si pud dire di Croce d'Aune dove, ad
onor del vero, ad un afflusso di appas
sionati degli sport bianchi davvero in-
vidiabile non corrisponde certo una ri-
cettivitd adeguata. Comunque la gente
si accontenta di quel pochissimo che c'e,
Una seciovia, due alberghi e tanti meravi-
3llosi campi di sci. Vi si giunge partendo

a Pedavena ed imboccando Ja 50 bis in
cirea venti minuti, comoffamente, Il pas-
so, a metri 1011, presenta una pendenza
media dell'oito per cento ed un dislivel-
lo di 700 metri. La localita si trova in
ottima izione panoramica a cavallo
tra la Valle Felirina e Ia Valle del Ci.
smon ed &, come si ¢ detto, meta fre-
auentata da numerosissimi villeggianti

esiderosi di aria balsamica e di quiete.
E' punto di partenza per numerose pas-
seggiate ed escursioni sul monte Avena
e sulle famose Vette Feltrine, L'inneva-
mento & ottimo da dicembre a marzo e
numerosissime sono le piste di discesa:
dal Monte Avena a Croce d'Aune, dal
Passo alla localith Salzen (slalom gigan.
te: difficile), dal Passo verso Pedavena,
la pista dei Roccoli.

caViOIa, 1100 m, anni ‘70 mauro_valt@arpa_veneto_it Agordo, 650 m, anni ‘60 19






SNOW WATER EQUIVALENT

Snowpack constitutes a
valuable water resource,
the release of which is
slow and independent of
the availability of
precipitation. The extent
of this resource, however,
is difficult to quantify
except through a
combination of different
survey methods.

mauro.valt@arpa.veneto.it 21
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Trend risorsa nivale SWE 1961-2020 (mm)
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Snow resource

The most basic
elevation bands have a
greater decrease
decrease right in
March

From the point of view of the availability of the snow water resource in the Piave-Cordevole
basin (reference area of 2110 km2 above 800 m altitude), the loss of Million cubic meters of
water equivalent in March is 48% compared to the 1961-1990 period equal to 240 Mm3.

mauro.valt@arpa.veneto.it
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Relative dynamics of runoff over the year in catchments
located at different altitudes (e.g., CH)

301 —— :::2:2'_nival The Venetian plain
nivo-glazial lives off the water of
~ Sl — :Lj’:;::;;'mval the PO, Adige, Brenta-
£ 50| — nivopluvial voralpen Bacchiglione, and Piave
] e plUvial erhéht q q
= rivers.The 3 main
2 15 basins of the northeast
% b have different
' dynamics
0.5-
0

Jan. Feb. Marz Apr. Mai Juni Juli Aug. Sep. Okt. Nov. Dez.

https://www.slf.ch/it/neve/la-neve-come-risorsa-idrica/
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Legenda
Limite del bacino idrografico (anno 2005)
«.. Limite del bacino idrografico (anno 2000)
Limiti provinciali su base ISTAT 2001

Adige river

*The ADIGE is a river in northeastern ltaly, in length-about 410 km-
the second largest Italian river after the Po, the third largest in
basin width after the Po and Tiber, and the fourth largest in water
volume after the Po, Ticino, and Tiber, with 235 m%¥s average 4
annual flow at the mouth.Many glaciers in both South Tyrol and /
Trentino (Orteles-Cevedale, Pala Bianca, Simulaun, Venoste > :

Orientali, Western Breonie, Gran Pilastro , Alti Tauri, Tre Signori, ! L TR e
Vedrette di Ries, Adamello; Brenta...
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Brenta River

*The Brenta is a river in northern ltaly, a tributary of
the Adriatic Sea. It originates from the lakes of
Caldonazzo and Levico in Trentino-Alto Adige and
reaches the sea after a course of 174 km,[1]
making it the 13th longest waterway in the
country. Near Chioggia, the waters of the Brenta
intersect with those of the Bacchiglione, then flow
into the Adriatic Sea after 6 km.

ARPAV-CVA

gen feb mar apr mag giu lug ago set ot noy dic

--------

N Legenda
D Ceonfine bacino icrogrefico
D Confine regionalke
B Cantr abitat principal
Tipologia lago
Naturale
Forternente modificeio
Tipologia corso d'acqua
Artificisle

Fortemenia modilicato

Castelfranco Veneto Tréviso

Mogliana Veneta



Piave River

*The Piave River presents a hydrological regime
strongly influenced by the withdrawals (both
for agricultural and energy purposes) that are
made at the Soverzene, Busche, Fener, and
Nervesa weirs. The "natural” regime has a
spring maximum, where the rainfall
contribution is supplemented by that from
melting snow, and an autumn secondary...
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Acqua idropotabile

e Thereis a lot of water on 78 litri per il bagno/doccia (39%)
earth, but not all people 40 litri per i sanitari (20%)
have the same amount of 24 litri per il bucato (12%)

waterlstat s Iajce_sjc census 20 litri per lavaggio stoviglie (10%)
on water for civilian use

was from the year 2012. In 12 litri per il giardino lavaggi vari (6) ..
this year, the daily 12 litri per la cucina (6%) g
consumption of water 2 litri per bere (1%)
d9|'verEd.tO users was 241 12 litri per altri usi (6%)
liters per inhabitant.

 Some peoples have less than 50
liters per week!!!




SWE in winter 2023-24
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Monitoring of the snow resource

.;i ;l tl_

B

New network of the
Veneto Region (ARPA
Avalanche Center)
with innovative
sensors. Finapp's
CRNS (Cosmic Ray
Neutron Sensing)
probe is an integrated
sensor for measuring
ambient neutrons
that enables
estimation of SWE

mauro.valt@arpa.veneto.it

23 stazioni

Irany

o e
Natio palpark . .
Stifsagoch :
- Bolzano ' ' .
;!",h : NTIF
0 GF .
L] 5 c .
.— o ded
Parco Naarake e
Sawey-Orglle Babun=ti
Trento O F“"I“F.
@ o o s
@
Eresme,
.I : o
: Trevi
icenza
Verona P adu Venice

content/uploads/Pubblicazioni/Rivista95/NV95_2.pdf



Bacino del Piave
© 05/02/2024
=—Lineare (05/02/2024)

—Poli. (05/02/2024)
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From satellite images. ... Determining
(MODIS; red snow in this where there is
image ... snow and at what

altitude ... )
densitv ...

3500

... knowing how much snow
there is at different elevations
and knowing the average

per basin ( 110 Million on this image of February 5, 2024

It can be estimated how many Million cubic meters of water equivalent there are
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Monitoring of the Snow resource
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Snowpack: snowpack simulation model that, in addition to stratigraphy, simulates us
the presence of liquid water in the snow (snow with a temperature of 0°C and its
potential availability for percolation into the ground).

Network of 24 stations managed by the Arabba Avalanche Center (ARPAV).
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