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Retrieval of cloud microphysical properties with imager (e.g. MSI)

Look up 

Tables

reflective absorbing

• Combination of reflective (visible/ near IR) 

and absorbing (SWIR) channel

• Look up tables from 1D radiative transfer 

simulations of various COT - CER - solar 

zenith angle combinations

• Larger particles are more absorbing

High reflectances 
-> VIS: high COT

-> SWIR: low CER

Low reflectances 
-> VIS: low COT

-> SWIR: high CERlo
g

1
0
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1D: 

• Independent pixel approximation & 

• Plane-parallel, homogeneous cloud

3D Reality:

• Vertical variability of 

microphysical properties

• 3D radiative effects:

1D radiative transfer in a 3D world

Side 

illumination/ 

shadowing

Horizontal 

photon 

transport

e.g.:

A
lt
it
u

d
e CER = const.

NO 

SIDEWARD 

ESCAPE!

One pixel
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1D: 
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• Plane-parallel, homogeneous cloud

3D Reality:

• Vertical variability of 

microphysical properties

• 3D radiative effects:

1D radiative transfer in a 3D world

Side 

illumination/ 

shadowing

Horizontal 

photon 

transport

e.g.:

A
lt
it
u

d
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NO 

SIDEWARD 

ESCAPE!

One pixel

•HOW CAN WE IDENTIFY 3D EFFECTS IN IMAGER MEASUREMENTS?

•WHAT IS THE IMPACT ON IMAGER RETRIEVALS?

•HOW CAN WE GET FROM 3D to 1D -LIKE RADIANCES TO GET MORE 

ACCURATE CLOUD RETRIEVALS?

3 / 17



EarthCARE 2026 seminar     |     17 June 2026     |    3D radiative effects in EarthCARE products    |     walter@tropos.de

Method: Brightness Temperature gradient

Method: Brightness temperature (BT) gradient

•BTreflects cloud top temperature: 
colder-> highercloud top
•Solar azimuthangle (SAA) for direction of 

direct solar radiation
•Calculate BT gradientfrom front and behindpixel

FRONT
pixel

Behind
pixel

FRONT
pixel

Behind
pixel

Method adapted from 
Várnai& Marshak, 2002
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Illuminated

Negative BT gradient

-> Shadowy
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Monte Carlo Case study: Hurricane Humberto in 1D & 3D

Credits for ICON & 

MSYTIC simulations: 

Jan Kolja Wagner & 

Fabian Senf 

1D & 3D (MYSTIC)

1D Brightness Temperature

Humberto 3D 

cloud field: ICON

RTS: MYSTIC

PURE MODELLING!
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Monte Carlo Case study: Hurricane Humberto in 1D & 3D

PURE MODELLING!
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Monte Carlo Case study: Hurricane Humberto in 1D & 3D

PURE MODELLING!

Mean 3D-1D: 0.007

Mean abs. 3D-1D: 0.050

Mean 3D-1D: -0.002

Mean abs. 3D-1D: 0.036

Noise of Monte Carlo

Mean abs. 1D-1D: 0.016 MORE SYMMETRY, STILL HIGH absolute values
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Monte Carlo Case study: Hurricane Humberto in 1D & 3D

PURE MODELLING!LIMITATIONS OF BT GRADIENT METHOD:

For North East:

Cloud pixel is Brighter 

in 3D than 1D

For North East:

Cloud pixel is Darker 

in 3D than 1D

3D Monte Carlo from two sun positions for same cloud scen e

For South 

West:

Cloud pixel 

is Brighter in 

3D than 1D

For South 

West:

Cloud pixel 

is Darker in 

3D than 1D
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Monte Carlo Case study: Hurricane Humberto in 1D & 3D

PURE MODELLING!LIMITATIONS OF BT GRADIENT METHOD:

3D Monte Carlo from two sun positions for same cloud scen e

South West is 

brighter than 

North East

South West is 

darker than 

North East

Brightening 

stronger than 

darkening

Darkening 

stronger than 

brightening
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Monte Carlo Case study: Hurricane Humberto in 1D & 3D

PURE MODELLING!LIMITATIONS OF BT GRADIENT METHOD:

Illuminated

Shadowy

“Illuminated” pixels darker than 

1D but brighter than shadowy

“Shadowy” pixels brighter than 

1D but darker than illuminated

S
o

u
th

-w
e

s
t

Pixels are brighter if on illuminated side
Brightening if surrounding is more 

scattering than the pixel
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MSI-RGR:

• 4 Solar reflectances (visible , near-ir, shortwir-1, swir-2)

• 3 brightness temperatures (Thermal IR 1, 2 & 3)

• Solar and observational geometries (solar zenith angle SZA, solar azimuth angle SAA)

• BT gradient (using Thermal IR 2 & solar azimuth)

MSI-CM:

• Cloud mask

• Cloud phase

MSI-COP:

• Solo Imager Cloud Retrieval (Nakajima & King bi-spectral method)

• Effective radius

• Optical Thickness

•Water Path

CAPTIAVATE (CAP):

• Synergy retrieval from Radar (CPR), Lidar (ATLID) and imager (MSI –using visible and thermal IR 2)

COMPOSITE (COM):

• Composite from single instrument retrievals (here only Radar and lidar; no columns wtih MSI)

DATA:
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• High reflectances appear more often on illuminated side

[VIS ïVIS(column mean)] / [VIS + VIS(column mean)]

Impact of 3D effects on EarthCARE retrievals

Asymmetry
LEVEL 1: VIS reflectances of ice clouds

Low slope High slope

VISreflectancesvs IWP levels

• illuminate columns produce higher reflectances

Illuminated

Shadowy
ThickerThinner
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Impact of 3D effects on EarthCARE retrievals

LEVEL 2: Optical thickness

COT deviation from column median [ -]

•Propagation of 3D effects 

in reflectances into COT

•Non-linear relationship of 

reflectance and COT:

strongest effect for 

illuminated, thick cloud

Illuminated

Shadowy ThickerThinner
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Impact of 3D effects on EarthCARE retrievals

LEVEL 2: Effective radius

CER deviation from column mean [ -]

•Propagation of 3D effects 

in reflectances into CER

•Low SWIR reflectance

-> high effective radius

•Reversed pattern for 

strong shadowy bins
?

Illuminated

Shadowy
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Impact of 3D effects on EarthCARE retrievals

LEVEL 2: Effective radiusSigns of Horizontal Photon Transport?

CER deviation from column mean [ -]

Surrounding

darker

-> lower 

effective 

radius
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Impact of 3D effects on EarthCARE retrievals

LEVEL 2b: Comparing COM and CAP ice water path 

Illuminated

Shadowy

IWP (Radar Lidar MSI) / IWP (Radar Lidar)

•Differences 

between CAP 

and COM partly 

controlled by MSI

•3D affected

reflectances 

propagate in 

synergy 
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Impact of 3D effects on EarthCARE retrievals

LEVEL 2b: Comparing COM and CAP ice water path 

Illuminated

Shadowy

IWP (Radar Lidar MSI) / IWP (Radar Lidar)

•Differences 

between CAP 

and COM partly 

controlled by MSI

•3D affected

reflectances 

propagate in 

synergy

•Lower sun ->

stronger effect 

Systematic +/- ~10% Bias 
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Summary:

• 3D effects are structured: 

e.g. Horizontal Photon Transport; Illumination & Shadowing effects

• BT gradient provides a simple proxy to diagnose impact of 3D effects

• 3Deffects can be detected in solar reflectances and imager retrievals

• Solar radiances improve EarthCARE synergy, butalso: propagationof 3D 

radiative effects into synergy
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THANK YOU!

Questions?
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