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SNOW IN THE EARTH SYSTEM
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e.g. Let is snow, Nature Climate Change, 2018 3
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SNOW WHITE

Picard et al., in review
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< )
Why the Snow in Parts
of Europe Was Orange

“Disney Q Q oy veas cnausm ma pmiervicr TNE NEW York Times, March 2018
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SNOW WHITE

Eerie black snow falls over Siberian region
triggering acute pollution concerns from locals
Siberian Times, February 2019
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By The Siberian Times reporter
15 February 2019

Ghostly pictures of dark snowscapes - which should be pristine white - as blame pointed at failure to filter fumes
at coal plant.
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Eerie black snow. Picture: nataseife, Typical Kemerove
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SNOW WHITE

Eerie black snow falls over Siberian region
triggering acute pollution concerns from locals

By The Siberian Times reporter Siberian Times, February 2019
15 February 2010

Ghostly pictu

i Chrome factory turns snow green in
@ Russian town of Pervouralsk

The polluted ice is understood to have come from a factory

VLADISLAY GRESHKINITHE SIBERIAN The guardian, March 2019
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SNOW IS MADE OF ICE
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SNOW IS MADE OF ICE
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SNOW IS MADE OF ICE
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A THOUSAND SHADES OF WHITE
Snow reflectance and snow microstructure

SSA =30 m? kg

1]
Photo : Fierz etal. 2009 Tomography : Flin F. and Calonne N.,
2011
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Snow optical properties

A THOUSAND SHADES OF WHITE

Snow reflectance and snow microstructure

P

SSA =30 m? kg

1]
Photo : Fierz etal. 2009 Tomography : Flin F. and Calonne N.,
2011
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optical properties

A THOUSAND SHADES OF WHITE

Snow reflectance and snow microstructure
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Snow optical properties

A THOUSAND SHADES OF WHITE

Snow reflectance and snow microstructure

SSA =30 m? kg-!

~— ¥y
Photo : Fierz etal 2009 Tomography : Flin F. and Calonne N
2011

Specific Surface Area

SSA = S scattering
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Snow optical properties

A THOUSAND SHADES OF WHITE

Snow reflectance and snow microstructure

SSA =30 m? kg-!

~— ¥y
Photo : Fierz etal 2009 Tomography : Flin F. and Calonne N
2011

Specific Surface Area

S scattering
piceV  absorption

M. Dumont (CNRM/CEN) EGU, Vienna, 2019 6/ 31

SSA =




Snow optical properties

A THOUSAND SHADES OF WHITE
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Snow optical properties

A THOUSAND SHADES OF WHITE

Snow reflectance and snow microstructure

SSA =30 m? kg-!

Snow intrinsic
albedo feedback

~— ¥y
Photo : Fierz etal 2009 Tomography : Flin F. and Calonne N
2011
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S scattering
Pice V - Obsorpﬁon e.g., Flanner & Zender, 2006
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DIRTY SNOW

Snow reflectance and light absorbing particles (LAPs)
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DIRTY SNOW

Snow reflectance and light absorbing particles (LAPs)
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DIRTY SNOW

Snow reflectance and light absorbing particles (LAPS)

Diffuse reflectance

1.0

0.8

o
o

1
'S

e
N

0.0

y

f

SSA = 20 m?kg—1
SSA = 80 m?kg—1

T
black carbon: 0 ng g

black carbon : 250 ng g!
black carbon : 500 ng g !
black carbon : 750 ng g~*

black carbon :

1000ngg' [

500 1000

Wavelength, nm

TARITES, Libois et al., 2013

1500

2000

EGU, Vienna, 2019

2500

8/31



DIRTY SNOW

Snow reflectance and light absorbing particles (LAPs)

EGU, Vienna, 2019

= =

9/31



DIRTY SNOW

Snow reflectance and light absorbing particles (LAPs)

EGU, Vienna, 2019 9 /31



DIRTY SNOW

Snow reflectance and light absorbing particles (LAPs)
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DIRTY SNOW

Snow reflectance and light absorbing particles (LAPs)

Amplification of
snow intrinsic
albedo feedback

e.g.. Doherty et al., 2010, Dumont et al., 2014, Skiles et al., 2018
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SNOWPACK EVOLUTION
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Snow modelling

SNOWPACK EVOLUTION
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SNOWPACK EVOLUTION

Atmosphere I 1 <0 ﬁ%
Mass and energy fluxes ﬁ t
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e.g. Crocus : Brun et al., 1992, Vionnet et al., 2012, SNOWPACK : Bartelt and Lehning, 2002, Lehning et al., 2002



Snow modelling

OPTICAL PROPERTIES AND THE ENERGY BUDGET

Snow reflectance is both a cause and an effect of the surface energy balance

Crocus energy balance
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Snow modelling

OPTICAL PROPERTIES AND THE ENERGY BUDGET
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Snow modelling

EQUIFINALITY IN SNOW MODELLING

Energy balance models
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Snow modelling

EQUIFINALITY IN SNOW MODELLING

Energy balance models
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odelling

ENSEMBLE SIMULATIONS, WHY HAVE JUST ONE !

Uncertainties in snow modelling
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Snow modelling

ENSEMBLE SIMULATIONS, WHY HAVE JUST ONE !

Uncertainties in snow modelling
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ORANGE IS THE NEW WHITE

Instagram, March 2018 ; Gascoin, Dumont and Picard, 2018, EGU news




Snow in Russia

DUST CONTENT EVOLUTION FROM SENTINEL-2

RGB composite Surface dust content

01-04-2018

01-04-2018
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Dumont, Tuzet, et al., in prep
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DUST IMPACT ON SNOWPACK EVOLUTION
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Snow in Russia

SHORTENING OF THE SNOW SEASON
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Snow in Russia

SHORTENING OF THE SNOW SEASON
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Snow in Russia

SHORTENING OF THE SNOW SEASON
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Snow in Russia

SLOWER SNOW MELT IN A WARMER WORLD

(Musselman et al., 2017), Here at Col de Porte, France
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n Russia

SLOWER SNOW MELT IN A WARMER WORLD
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n Russia

SLOWER SNOW MELT IN A WARMER WORLD

(Musselman et al., 2017), Here at Col de Porte, France
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Snow in Russia

LOWER IMPACT OF LAPS IN A WARMER WORLD ?

also see Flanner et al., 2008
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SNOW IN OTHER LOCATIONS ?

2018-05-02
Sentinel-2, S. Gascoin, Sierra Nevada, US




KEY MESSAGES

B Snow is white, but different shades of white.

B Snow optical properties are both a result and a cause of the
snowpack evolution.

B Snow optical properties trigger effective feedbacks for the
snow evolution that must be accounted for.

B Combining optical satellite data and physically-based snow
modelling reduces uncertainties in predictions.

M. Dumont (CNRM/CEN) EGU, Vienna, 2019 21/31



The end

M. Dumont (CNRM/CEN) EGU, Vienna, 2019 22 /31



LESS DUST IMPACT IN A WARMER WORLD ?

A Dust load
\
L4
a. Pure snow b. Baseline c. Dustg 1 d. Dust; e. Dusty; f. Dusty, g. Dustyg
8
40
2200

30
— 1925 3
3 ;
2 4
3 £
3 s
£20 3
H s
K s 1700 &

o0
L
10
1600
0
120 140 160 120 140 160 120 140 160 120 140 160 120 140 160 120 140 160 120 140 160
Pure SNow tmer out Pure SNow tmer out Pure SNOW tmer out Pure SNOW tmer out Pure SNOW tmer out Pure SNOW tmer out PUre SNOW tmert out
DOY) DOY) D DOY) DOY) DO DOY)

Dumont, Tuzet, et al., in prep

M. Dumont ( M/CEN)

EGU, Vienna, 2019 23 /31



KEY POINTS

B Such events shorten the snow season by up to one month.

B The complex feedbacks require a physically-based
snowpack model and the choice of the model
configuration is crucial.

B The shortening of the snow season for a given dust mass is
driven by the snow season duration, itself controlled by peak
SWE and elevation.

M. Dumo EGU, Vienna, 2019 24 /31



DUST RADIATIVE FORCING
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Add-ons

DUST RADIATIVE FORCING
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SAHARAN DUST DEPOSITION

oo S 2018-03-21 00:00:00 UTC
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SEVIRI images, S. Kutuzov, https ://www.eumetsat.int/website/home/Images/ImagelLibrary/DAT_3902461.html
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Add-ons

SENTINEL-2 RECORD

b e
20180314 20180319

M. Dumont (CNRM/CEN) EGU, Vienna, 2019 28 /31



CHANGES WITH ELEVATION

e. Energy fluxes
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Mean daily fluxes, W m—2

Add-ons

CHANGES WITH ELEVATION
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Add-ons

CHANGES WITH ELEVATION

e. Energy fluxes
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DIRTY SNOW L
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Skiles et al., 2018

At surface sunlight

100%

AN

60%

90%

Fresh snow
(clean)

Contaminated
snow (fresh)

70% Old snow
(clean) o A ) IR

Grainsize | _--"" L B0% - e e

feedback _--"* o B © Contaminated . *
o= ! " snow (old) - -

Sunlight reflected @‘ - -7
'Sunlight absorbed

EGU, Vienna, 2019 30/ 31



DATA ASSIMILATION
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DATA ASSIMILATION

Venus, S. Gascoin, Pyrenees, France
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