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Objectives

Estimation of time series of snow «surface » properties from spectral albedo
and study of their evolution

Autosolexs automatic albedometer
400-1050 nm with 3 nm effective resolution
12 min time step

Operating :
January-May 2014
One albedo head
Tilted but « smooth »
snow surface

Cf G. picard

presentation

for Dome C
device
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SSA estimation at Dome C (cf G. Picard talk)

Analytical asymptotic transfer B=1.6, g=0.85
- 27 16pice€0AN0Ci
diff A Pice €0N0Cimp
A) = ex — — 64n;(A\)B
W) “p( \/f%\piCESSA(l —g) 4B 7r )> ™~
dir _ 3 27 o 16pice0A0Cimp -« NO »
am(A,0) = exp( 7(1 + 2C080)\/3/\piC\‘SSA(1 ) (64n;(\)B + - impurity

a(X.0) =rair (N 0)a™ (A) + (1 = rai (X, 0))a®" (A, 0)
Scale factor \ \ Obtain from

0.9-1.1 7 _ ,
Umes (N 0) = A (X, 0) SBDART simulations

Two parameters (A, SSA) nonlinear least-square fit over 700-1050 nm
Accuracy better than 15 % if chromatic aberration lower than 2 %
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Col de Porte : a more complex case
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« Surface slope (Gallet et al., 2014)

o High LAl content (frequent saharian dust deposition events, e.g. Di
Mauro et al. ,2015)

o Liquid water
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Analytical formulation of spectral albedo

Analytical asymptotic transfer B=1.6, g=0.85

| 2 $pice €0\ dCimp)
a,dlff(/\) — (‘Xp( — \/ - (64n;(A\)B + 16p1ceco &n.l/ ))

3/\piceS§A(1 —g) T

. 3 Q7 16picc€0 /\(C1m§

(X 0) =rag(\ 0) o (N) + (1 —rag (X, 0))atT(N.0)

Scale factor \ Obtain with
0.9-1.1 T

A A SBDART
Q’mes()\ae) = Aﬂfth()‘fe) simulations

3 unknows A, Cirmp and SSA
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A and ¢;,, coupling

0.95

0.90

Multiple (A, SSA,

Cimp) SOlUtiONs give
the same spectra
£ osof ->need to set A to
: only one value for

the whole season
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-- ¢,,=10ngg’, A, ,=0.95 SSA= 40 m* kg™
— pure snow, A, ,=0.95, SSA= 40 kg m—2

0.70 -
— C,,=1ngg ', A,;=0.945, SSA= 43 kg m—2
— C,,=200ngg "', A,,=0.98, SSA= 30 kg m—2
-- ¢,,=100ng gl, A, ;=0.965, SSA= 34 kg m—2
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Effect of surface slope on measured albedo

Q‘mes()\,f)) = Aa:th()\,e) -
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' Retrieval method

Dome C

Measured spectra

|

2-parameters Least square
optimization (700, 1050) nm

v

Optimal A, SSA
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' Retrieval method

Dome C Col de Porte
Measured spectra Estimation of A for fully
J cloudy days
2-parameters Least square Measured spectra (clear days)
optimization (700, 1050) nm l

3-parameters Least square
optimization (400, 1050) nm

v

Optimal A, SSA J

Optimal K, SSA, c,
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d @ [ 55

UNIVERS
ENVIRONNEMENT



SSA time series
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o Large uncertainties for cloudy days due to the retrieval method
o Exponentiel SSA decay
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SSA diurnal evolution
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LAI content (soot equivalent)
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Presence of liquid water

0.55 T T T T T T

0.50

0% 00,

S
2 045
<
measured 2014-03-09 09:24:02+00:00
0.40} moving average 2014-03-09 09:24:02+00:00
+ + measured 2014-03-09 13:48:03+00:00
—  Apater=1032 nm
0.35 1 fl 1 1 Ll 1
980 990 1000 1010 1020 1030 1040 1050
Wavelength, nm
600 - ; T b T T T
—  Apater=1032 nm
500 + R
42 400 L Wet i
[
>
(]
S 300} .
@
Q
g
3 200 :
100 R
0 L L 1 L
1026 1028 1030 1032 1034 1036 1038 1040

Wavelength of minimum albedo values, nm



Presence of liquid water
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Conclusions

o The evolution of near surface properties (SSA, LAl content, presence of liquid
water) can be monitored using time series of spectral albedo.

o SSA and presence of liquid water estimation from the spectra are more
robust than LAl content estimation since they are based on spectrum shape
and not on spectrum level.

o SSA retrieval uncertainties are larger in presence of a tilted snow surface and
medium to large amount of LAI. Need to be further investigated using
microCT SSA measurements and LAl content « direct » measurements.

o Continuous spectral albedo measurements offer a new insight into the
evolution of snow near surface properties, they can be used to evaluated
detailed snow model but they can also be assimilated into such model in
order to obtain accurate snowpack simulations (e.g. )

o Surface roughness and anisotropy of reflected and incident diffuse radiations
are not accounted for in our methodology and this effect must be further
investigated.
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o Step 0 :estimate A,
cloudy days (limited tilt effect) |
o Step 1a: estimate K diurnal cycle 7

Retrieval Method

from the spectra

o Step 1b : estimate daily slope and

aspect from K diurnal cycle

o Step 2 : estimate SSA, cimp using daily

slope and aspect
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A slope and aspect
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Daily slope and aspect estimation
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o Step 0 :estimate A,
cloudy days (limited tilt effect) |
o Step 1a: estimate K diurnal cycle 7

Retrieval Method

from the spectra

o Step 1b : estimate daily slope and

aspect from K diurnal cycle

o Step 2 : estimate SSA, cimp using daily

slope and aspect
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SSA time-series
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SSA vertical representativeness
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o Near surface SSA estimated from the spectra come from the uppermost 1-2 cm
o A sharp SSA gradient exists near in the first cm (e.g. )
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SSA time-series measured vs simulated

Observed snowfall
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c_imp vertical representativeness
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Measured surface temperature, °C

Melt freeze cycle
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