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The nature: factors affecting the snow albedo

The modelling:

Challenges in the parameterizations of snow albedo

Proposed solutions (prognostic equation of snow grain size, RT in
snow)

Expected impact in NWP

Again the nature: effect of snow on boreal forest albedo
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Snowpack thickness
Snow grain size

Snow grain shape
Solar zenith angle
Cloud cover fraction
Snow impurity content
Surface patterns
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Dependence of snow albedo on:

Snow grain size Snow grain shape

Particle Shape Effect on Albedo
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Snow metamorphism and
diamond dust precipitation
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Clouds convert direct
radiation into diffuse
radiation thus changing
d.« (for diffuse radiation
di~ 50 € )

Clouds increase the
fraction of visible light
and reduce the fraction
of near-infrared light.
Thus, clouds increase
the spectrally
integrated albedo

Clouds are the main drivers of the albedo variability over the Antarctic

continent (Pirazzini 2004; Van den Broeke et al. 2006)

Radiation workshop, Reading 21-24 May 2018
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Impurity parameters which
affect snow albedo:
- Concentration

- Composition (spectral
Imaginary refractive index)
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Dependence of snow
albedo on surface patterns

Side recerving more Side recerving less
irradiance than a irradiance than a
horizontal surface horizontal surface

- The average of the incident angles, weighted with the
amount of incoming flux, is lower than the solar zenith
angle, thus the albedo is lower.

- Radiation reflected from one side may be absorbed
by the facing side of the neighbouring feature ( A [-i g
t r ap plieduging)the albedo.

——> The daily albedo reduction due to T e

sastru g| iS ~2_4%. Radiation workshop, Reading 21-24 May 2018 - > -
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SmawalbHsedo

pareamietesixation

in diimtste amtiNNWP maitiésls

Albedo is expressed as a function of the bulk snow/ice
properties that are considered to be more related to its

variability:

A Surface temperature
A Snow age

They are somewhat correlated to
~"  snow grain metamorphysm

A Snow density o
A Snowl/ice depth

Radiation workshop, Reading 21-24 May 2018 10
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Difficulties encountered when parameterizing
snow/ice albedo:

- Parameters that are found to be significantly affecting the daily mean snow albedo (using
a 95% confidence level) are different in different sites. For example:

Surface Cloud cover wind Snowdepth Positive Dummy
temperature fraction speed Accumulated snowfall
degreesdays
Svalbard X X X X
FrenchAlps X X X X X
(1340m)
Russian Stations X X X X X
(48.5N-57.8N)
Barrow, Alaska X X X

- Because of the differences in the local weather regimes, surface types, annual
precipitation, different parameterizations work better in different seasons, different

latitudes, and different years.
Radiation workshop, Reading 21-24 May 2018
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Effftstt of snowizdbedo bixss ontbhe
foreesisded nenr suiffiace EnppeEtakire

A 10% error in the springtime snow albedo can cause a bias of several
Kelvins in the 6-hour forecast of 2m temperature (Pirazzini et al, 2002):

23.03.1999, over sea ice in the Bay of
Bothnia, in the cloud-free evening:

- Observed U=0.83

- HRLAM U=0.7Y6 h f orecast
temperature was 8.2 K too warm.

2D mesoscale model (with better snow

and ice thermodynamic than HIRLAM)
U=0.7Y6h forecast of

temperature was 4 K too warm.

2D mesoscale model U=0.83Y 6 h

forecast of surface temperature was 1.5 K
too warm

Radiation workshop, Reading 21-24 May 2018
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Coupled to optical radiative Coupled to microwave

transfer models emission models
SNICAR (Flanner and SNTHERM (Jordan, 1991)
Zender, 2006) MOSES (Essery et al., 2001)

Simulations against SSA derived grain sizes (Sandells et al., 2017):

A SNTHERM simulated snow grains are too large (mean error 0.12 to 0.16 mm),
A MOSES simul ated grains aOr.el 60.8dooi)s mal |
A SNI CAR simul ate grains @r g40l8mm)s mal |

e —
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The growth of snow grain diameter d is based on the rate of vapour
transport through the snow (and therefore temperature gradient).

Dry snow: — —0 ( )( ) O ‘_‘ d = snow grain diameter

P, = atmospheric pressure

T, = snow temperature

C,t.= Vvariation of saturation vapor
pressure with snow temperature T,
T,=273.15K

— is the temperature gradient

Grain growth under wet conditions is more rapid, with empirical constant g2
and is dependent on the liquid fractional volume f; by

Wet snow: — g8 ) f1 <0.09
— —(8) f100.09

Radiation workshop, Reading 21-24 May 2018 14
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MOS ES (Essery et al., 2001)

J
i (0 30) [‘lc‘) —3~c‘>] i© i ]—

Gr = empirical temperature-dependent grain
area growth rate
Sf = snowfall rate in g

Radiation workshop, Reading 21-24 May 2018 15
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Applied in the version 4 of the Community Land Model (CLM4) part of the Community
Earth System Model CESM-UCAR (Oleson et al., 2010)

Contributions to grain size evolution are from:
1. vapor redistribution (dry snow): SNICAR (Flanner and Zender, 2006)
2. liquid water redistribution (wet snow): Brun (1989)
3. re-freezing of liquid water (constant r,, ;,, = 1000 £m)

The equation for r, at time step t is (Flanner and Zender, 2006; Oleson et al., 2010)
I [i O p) qQ Q ]"Q 15 Q g Q

f,,;= fraction of old snow

f..,= fraction of freshly fallen snow
f, = fraction of refrozen liquid water
r.p= 54.5em

16
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Dry snow : The method is to retrieve 3 best-bit parameters ( U ,(—)k) ,from a look-

up table as a function of snow temperature, temperature gradient, and density.
The look-up table is derived from the microphysical model described in Flanner and

Zender (2006) :

r = effective radius
k = best fit paramet e

(1) U,
— (—) ( ) (—) = initial rate of change of r

drfresh = Tcurrent ~ Tresh

Computationally efficient approximation to a model based on physics!

Wet snow: Apply the grain growth function from Brun (1989):

fig = mass fraction of liquid water
In the snowpack

Radiation workshop, Reading 21-24 May 2018 17
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At constant grain sizes, there is very little dependency of albedo on
snow density alone (Kaemper et al., 2007)

However,

A Radiative transfer and diffusion of heat into the snowpack affect
both snow grain metamorphism and density, thus, in a physically
based model, the two parameterizations should be coupled.

A Snow density affect the penetration depth of light: in a snowpack
that is vertically inhomogeneous with respect to grain size, albedo
depends on snow density.

A Parameterized snow density is crucial in the simulation of thermal
conductivity and snow mass: direct effect on snow thickness,
snow cover fraction, ALBEDO

How is snow density parameterized?

18



Constant value: old HIRLAM, old Noah (old WRF)

Prognostic equation function of snow age, constant in depth: ISBA-FR, old
HTESSEL, old Noah, HIRLAM 6.4.2, HIRLAM newsnow

Prognostic equation based on Anderson 1976 (function of SWE, T,
density of new snowfall): CLM3, Noah-MP (WRF 3.4), ECMWF (new
HTESSEL), ISBA-ES, SNTHERM

Compared to observations, more consistent results are obtained from
those snow schemes that have prognostic representation of snow
density (Essery et al., 2012; Dutra et al., 2012)

Radiation workshop, Reading 21-24 May 2018
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