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D I S K - I N T E G R A T E D  O B S E R V A T I O N S  
O F  E A R T H :  E A R T H S H I N E

• Sunlight scattered by Earth’s 
atmosphere and reflected from the 
lunar surface

• The Moon acts as a diffuse mirror
• Resemble the way we can observe the 

Earth as an exoplanet



H O W  T O  S T U D Y  T H E  E A R T H  A S  A N  E X O P L A N E T

S A T E L L I T E  
O B S E R V A T I O N S

E X O P L A N E T S  
O B S E R V A T I O N S

• high spatial resolution
• local properties
• low spectral resolution

• spatially unresolved
• disk-integrated properties
• high spectral resolution



E A R T H S H I N E  I N  P O L A R I S A T I O N

• Polarisation: no need to correct for 
the transmission through Earth’s 
atmosphere

• Enhance the contrast between the 
planet and the star

• More information on the properties of 
the planet



S U R F A C E  R E F L E C T I O N

O C E A N  G L I N TC L O U D  D R O P L E T S

W H A T  C A U S E S  P O L A R I S A T I O N ?

S I N G L E  S C A T T E R I N G

M O L E C U L E S

D E P O L A R I S A T I O N C L O U D S  A N D  A E R O S O L S



Ocean

C A T A L O G U E  O F  T H E  O B S E R V A T I O N S

Ocean Ocean

Ocean OceanRocky Rocky

Rocky

Roccetti+ 2024c (in prep.)



M O D E L L I N G  E A R T H S H I N E

MYSTIC – Monte Carlo code for phYsically 
correct Tracing of photons in Cloudy 
atmospheres
• Realistic 3D atmospheres
• Inhomogeneous clouds and surfaces

Mayer&Kylling 2005
Emde+ 2016



M O D E L L I N G  E A R T H S H I N E

• Emde+ 2017 showed the importance 
of the ocean glint feature

• Simulations could not fit the 
observations in polarisation

• Simplistic assumptions on clouds 
and planetary surfaces

Emde+ 2017



Hyperspectral 
Albedo Maps



Why should we care?
• Surface albedo is crucial to estimate the energy budget of the planet

• Earth System Models (ESMs) use a two broadband albedo approach
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Hyperspectral nature 
of Earth’s albedo 

causes deviations in 
climatological 

patterns
 (precipitation, surface 

temperature)

Why should we care?

Braghiere+ (2023)

• Surface albedo is crucial to estimate the energy budget of the planet

• Earth System Models (ESMs) use a two broadband albedo approach



MODIS albedo product
• MODIS Surface Reflectance dataset (MCD43C3, Version 6.1)

• Detailed albedo maps across seven spectral bands in the 

visible and near-infrared



MODIS albedo product
• MODIS Surface Reflectance dataset (MCD43D, Version 6.1)

• Detailed albedo maps across seven spectral bands in the 

visible and near-infrared

MODIS climatology
• We average the MODIS dataset over a 10-years period (2013 to 2022)

• Fill missing values in the albedo dataset 



26635 spectra 
 82 countries  
3 datasets:

Soils and vegetation spectra

ICRAF/ISRIC

LUCAS
ECOSTRESS

Roccetti+ 2024a

• Laboratory and in-situ measured spectra



Principal Component 
Analysis (PCA)

PCA
regression 
algorithm

Soils and 
vegetation
reflectivity 

spectra

MODIS 
climatolog

y

Roccetti+ 2024a



Introducing HAMSTER

Hyperspectral 
Albedo Maps 

dataset for high 
Spatial and 

TEmporal Resolution

Global hyperspectral albedo maps

• Spectral resolution: 10 nm

• Spatial resolution: 0.05° (or finer)

• Temporal resolution: 1 day

Validated against SEVIRI and 

TROPOMI land surface 

products

Roccetti+ 2024a



Mean global albedo
Roccetti+ 2024a



Mean global albedo

Roccetti+ 2024a



Forests

Roccetti+ 2024a



Deserts

Roccetti+ 2024a



Ice sheets

Roccetti+ 2024a



Cities

Roccetti+ 2024a



Clouds



• Reflectivity of the planet strongly depends on cloud assumptions 
and modelling

• ERA5 reanalysis product - global weather forecast model

C L O U D S

Roccetti+ 2024b (in prep.)



• Cloud generator: dividing clouds in subgrids 
(Hogan & Bozzo 2018)

• Sub-grid horizontal variability of cloud cover 
lowers the reflectance of the cloud field

• Fundamental step towards realistic 
radiances from TOA

𝞃 = 3, cc = 0.8 

𝞃 = 1, cc = 0.20 
𝞃 = 2, cc = 0.15 

3 D  C L O U D  G E N E R A T O R

Roccetti+ 2024b (in prep.)

Clouds inhomogeneity 
affects radiative response

𝞃 = 4 

𝞃 = 5 

𝞃 = 13 



C L O U D S  Z O O M - I N Roccetti+ 2024b (in prep.)



Modelling 
Earthshine 

observations



C O M P A R I S O N  W I T H  O B S E R V A T I O N S

Roccetti+ 2024c (in prep.)

Clouds +
planetary surfaces



S U R F A C E  V A R I A B I L I T Y :  O C E A N  V S .  L A N D

Roccetti+ 2024c (in prep.)



T A K E  H O M E  M E S S A G E S
• Earthshine allows to characterise Earth as a 

spatially unresolved exoplanet at different 
phase angles

• Polarisation is very sensitive to planetary 
surface and clouds

• HAMSTER is important to represent the spectral 
variability of land surface albedo and is relevant 
for Earth remote sensing applications and ESMs

• Correctly representing the radiative response of 
clouds is key for ESMs and exoplanet 
atmospheres models

Giulia Roccetti -
giulia.roccetti@eso.org


