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The purpose of this activity is provide field data 
crucial to validate satellite retrieval algorithms, 
through the integration with remote-sensed multi-
spectral images. Thanks satellite observations of 
spectral albedo of snowed surfaces, microphysical 
characteristics of the snow surface and the 
presence of liquid water in the first layer of the 
snowpack can be determined in addition to the 
spatial distribution of snow covers. 
The progress in terms of satellite sensors must be 
coupled to more detailed information on snow 
microphysics that can support the interpretation 
and the modeling of snowed surfaces. From this 
perspective, the availability of continuous 
monitoring techniques that provide the ground 
truth is a critical issue. Several ground-based 
methods have been developed in the last years to 
improve the in situ characterization of snow. Most 
of all is based on the optical analysis, and we can 
distinguish microphysical-oriented approaches 

(Painter et al. 2007; Gallet et al. 2009) from 
radiative-oriented techniques (Bourgeois et al. 
2006; Marks et al. 2015).  
With the aim to address these topics, an unmanned 
apparatus was installed to provide continuous 
spectral surface albedo during the 2014 
spring/summer period in Ny-Ålesund (Svalbard 
Islands, Norway). The realized long-period 
monitoring system was based on a bi-
hemispherical sampling geometry that measured 
the surface spectral albedo [(i, i, 2; 2)]. This 
parameter can be defined, at a specific solar 
azimuth (i) and zenith angles (i), as the ratio 
between the reflected and the incoming solar 
spectral irradiances (Schaepman-Strub et al. 2006).  
A full-range approach was adopted at the CNR 
Climate Change Tower. This setup is obtained using 
a spectro-radiometer with a spectral range 
between 350 and 2500 nm integrated with a 
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remote cosine receiver, characterized by a field of 
view of about 180°, mounted on a rotating support. 
The system was integrated with a camera aimed to 
acquire sky and ground images. Integration of 
ancillary information is fundamental for data 
analysis. It is known, that the albedo of a surface is 
strongly dependent on the illumination condition 
that it is not an intrinsic property of the surface. 
Under the assumption of an isotropic diffuse field, 
the equation can be described by the combination 
of two terms, the first pertaining to the direct sun 
component and the second to the diffuse 
contribute. Information on cloudiness and 
radiation fluxes are important to select case where 
measurements where performed in cloudy 
conditions (white-sky albedo) or clear-sky (dark-sky 
albedo).  

 

Figure 1 - Examples of up-facing (left)  and 
down-facing (right) images. The black box 
evidences in both images the target  used for 
estimating the inclination of  the t ilting system. 
The dotted l ine,  only present in the up-facing 
image, shows the sky mask used for  the 
calculation of the cloudiness index 
corresponding to the 70 % of  the entire 
hemisphere 
 

The first results assessed the feasibility of 
continuous monitoring the spectral variations of 
snowed surfaces during the melting period. 
Acquired data allow us to perform a first attempt 
to associate snow metamorphism to spectral 
variations and it supports the identification of 

relevant correlations with meteorological 
parameters (Salzano et al., 2016) 

References 

Bourgeois CS, Calanca P, Ohmura A (2006) A field study 
of the hemispherical directional reflectance factor and 
spectral albedo of dry snow. J Geophys Res 111:D20108. 
doi:10.1029/2006JD007296 

Gallet JC, Domine F, Zender CS, Picard G (2009) 
Measurement of the specific surface area of snow using 
infrared reflectance in an integrating sphere at 1310 and 
1550 nm. Cryosphere 3:167–182. doi:10.5194/tc-3-167-
2009 

Marks A, Fragiacomo C, MacArthur A, Zibordi G, Fox N, 
King MD (2015) Characterisation of the HDRF (as a proxy 
for BRDF) of snow surfaces at Dome C, Antarctica, for 
the inter-calibration and inter-comparison of satellite 
optical data. Remote Sens Environ 158:407–416. 
doi:10.1016/j.rse.2014.11.013 

Painter TH, Molotch NP, Cassidy M, Flanner M, Steffen K 
(2007) Contact spectroscopy for determination of 
stratigraphy of snow optical grain size. J Glaciology 
53(180):121–127 

Salzano R., Lanconelli C., Salvatori R., Esposito G., Vitale 
V. (2016), Continuous monitoring of spectral albedo of 
snowed surfaces in Ny-Alesund, Rend. Fis. Acc. Lincei, 27 
(Suppl 1):S137–S146 doi: 10.1007/s12210-016-0513-y 

Schaepman-Strub G, Schaepman ME, Painter TH, Dangel 
S, Martonchik JV (2006) Reflectance quantities in optical 
remote sensing—definitions and case studies. Remote 
Sens Environ 103:27–42. doi:10.1016/j.rse.2006.03.002 


