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13.2.2020 Nimi

ESA Sentinel-3
OLCI (Ocean and Land Colour Instrument): 300m, 21 bands [[0.4-1.02] µm

SRAL (Ku/C Radar Altimeter) 1.9 KHz (LRM), 17.8 KHz (SAR)

MWR (MicroWave Radiometer): 23.8 / 36.5 GHz



Objective of the SnowAPP project (2019-2022)
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• O1 Develop a model frame with a unified treatment of the snow microphysics 
in the optical and MW wavelength regions

Central aim of SnowAPP, pre-requisite for O2 and O3.

• O2 Develop model-based methods to retrieve snow properties from 
combinations of ground-based optical and MW sensors

Focus on snow albedo and melt on/off 

• O3 Improve the representation of snow microphysical and radiative 
properties in climate and NWP models

Apply the state-of-the-art snow microphysics and albedo scheme to a climate model and to a 
NWP model, and evaluate the sensitivity of climate and weather simulations to these 
improvements



Coupling of optical and microwave modelling
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DIRECT SNOW OBSERVATIONS

• grain size metric distribution (chord 

length or correlation function) 

• WET snow surface roughness (mm-cm)

• DRY Snow anysotropy

MODELLING

SURFACE ROUGHNESS

• 3D Analytic photon re-collision method [1]

• multiscale IEM [2]

OPTICAL REGION

• DISORT 

• Multiple-scattering RT model (Aoki, [3]),

• TARTES (Picard [4]),

• ART (Kokhanovsky [5])

MW REGION

• HUT model [6], 

• MEMS3&a [7], 

• IEM [2], 

• SMRT [8] 

• DMRT-ML (Picard, [9])

GROUND-BASED REMOTE SENSING

Snow albedo

Snow brightness temperature

Snow backscatter

UNIFIED 

SNOW MODEL

RETRIEVAL 

METHOD



Albedo retrieval method
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Field campaigns

4 weeks of continuous observations in 2019 (18.3-12.4) and 2020 (16.3-9.4); 

Arctic Space Centre, Sodankylä, Finland (68.37° N, 26.63° E)

• Snow broadband albedo (NIR and VIS bands)

• Continuous snow spectral albedo (SVC, GSAF, Autosolexs)

• Snow BRDF (FIGIFIGO)

• Snow brightness temperature (89,150 GHz)

• Snow backscatter (4-polarized radar (VV, HH, VH, HV), 1-9 GHz, Snowave (contact 
radar, 2 frequencies in the range 1-9GHz)

• Snow micro/macro-physical properties
6



Measured snow variables
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Parameter Instrument No. of profiles per day

SSA – chord lenght

distribution – correlation

function profile

IceCube10, Micro-CT11, 

SnowMicroPen12, InfraSnow13, 

HISSgraS, Macrophotos

1–4

Stratigraphy SnowMicroPen, NIR photography 5–10, 1–2

Density profile Density cutter, SnowMicroPen, Micro-CT 2–4, 5–10, 

surface/profile

Liquid water content profile WISe14 1–2

Snow samples for impurity

analysis

SP2 and OC/EC analyzer 1

Snow surface roughness Monochromatic cameras, blackboard + 

photos

1-2

SWE Snow tube 1-2

10 A2 Photonic Sensors, Grenoble, France (Gallet et al., 2009), 11 Heggli et al. (2011), 12 Schneebeli and 

Johnson (1998), 13 Schneebeli et al. (2009), 14 A2 Photonic Sensors, Grenoble, France



SVC Dual Sphere Spectro-Albedometer
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• Built by Spectra Vista 
Corporation (SVC) in co-
operation with FMI

Core instrument:

• SVC HR-1024i (350-2500 nm)

• spectral resolution: (3.5 nm @ 700 nm,

9.5 nm @1500 nm, 6.5 nm @2100 nm)

Light collectors:

• integrating spheres with glass domes

Light switcher: flipping mirror

Insulating box:

• aluminium case with ventilation units (to blow 
air over the domes), insulating foam, and 
(eventually) temperature stabilizer.

Measurement interval: 2 min



SVC Deviation from cosine response
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OUTPUT PORT

180°

0

270° 90°

1112.9 nm

1698.3 nm

2202.2 nm

> -20



SVC Deviation from cosine response
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578.5 nm: Err <5% for θ ≤ 50˚

5 ≥ Err ≤10% for 50 ≤ θ ≤ 70˚

10 ≥ Err ≤15% for 70 ≤ θ ≤ 75˚

885.6 nm: Err <5% for θ ≤ 60˚

5 ≥ Err ≤10% for 60 ≤ θ ≤ 75˚

1112.9 nm: Err <5% for θ ≤ 75˚

1698.3 nm: Err <5% for θ ≤ 70˚

5 ≥ Err ≤10% for 70 ≤ θ ≤ 80˚

2202.2 nm: Err <5% for θ ≤ 60˚

5 ≥ Err ≤10% for 60 ≤ θ ≤ 75˚

In the incident azimuth 90-270°:

180°

0

270° 90°

OUTPUT PORT



SVC Lab calibration and 
characterization
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• Radiance/Irradiance calibration

• Wavelength calibration

• Cosine response characterization

Temperature dependence of 

spectrometer’s sensitivity        

(-30˚C ÷ +20˚)

Temperature dependence of 

wavelength calibration            

(-30˚C ÷ +20˚)



SVC Installation in the field
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2 m

Alignment: at noon sun is 

~180° azimuth



Comparison with other continuous 
spectral albedo measurements
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Autosolexs: 350-1050 nm, at 

3 nm resolution

GSAF: 4 wavebands (20 nm 

wide) centred at 440, 870, 

1230, 1600 nm



10

5

0

-5

-10

T
e
m

p
e
ra

tu
re

(C
°)

Spring 2019: Evolution of snow properties
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Example of SVC data
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8/8 cloud

cover
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Thank you!
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