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Radiation Transfer Model Intercomparison exercise

• (1D)-3D Radiative Transfer model independent assessment

• 20+ years activities (five phases, ROMC and RAMI4PILS)

• Blind concept

• Increased complexity of scenarios and experiments

• Oriented to vegetated surfaces

• Oriented to satellite and in situ observations

• RAMI4ATM: towards coupled atmosphere-surface scenes.

https://rami-benchmark.jrc.ec.europa.eu/



Terra (Image credit: NASA)
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RT Models RAMI-V: 14 models – 8 new in RAMI

Model Participants Reference

dart Yingjie Wang Gastellu-Etchegorry et al. (1996)

dirsig5 Adam Goodenough Goodenough & Brown (2017)

Discret Nadine Gobron Gobron et al. (1997)

eradiate Sebastian Schunke
Eradiate.eu (Copernicus Community 

Model - 2021)

flies Hideki Kobayashi Kobayashi & Iwabuchi (2008)

frt13 (*) Andres Kuusk
Kuusk & Nilson (2000), Kuusk et al. 

(2010, 2014)

less Jianbo Qi Qi et al. (2019)

librat Nial Oregon Disney et al. (2009)

randerjay Martin van Leeuwen van Leeuwen M. et al. (2021)

rapid Huaguo Huang Huang et al. (2018a, 2018b)

raytran Christian Lanconelli Govaerts & Verstraete (1998)

spartacus Robin Hogan Hogan et al. (2018)

starter1 Zeng Yelu Zeng et al. (2018) and Wu et al. (2021)

wps Feng Zhao Zhao et al. (2015, 2016)
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* frt13 is an updated version of the model frt (RAMI-IV)



Canopies
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Wellington 

Citrus 

Orchard 
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Birch Stand 

(Winter) 
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WIN)

Järvselja Birch 

Stand 

(Summer) 

(HET09_JBS_S

UM)

Agricultural 

crops: Short 

Rotation Forest 

(HET16_SRF_U

ND)

Savanna pre-fire 

(HET50_SAV_PRE)

Lambertian

Homogeneous

Anisotropic Background 

(HOM23,24,25/HOM33,34,

35)

Two-layer canopy 

(HOM26,27,28/HOM

36,37,38)

Adjacent canopies 

(HOM29,HOM30)

Heterogeneous

Anisotropic background 

(HET10,11,12/HET20,21,22)

Two-layer canopy 

(HET16,17,18/HET26,27,28)

Constant Slope 

(HET23,24/HET33,34)
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Scenes per Models: Abstract canopies

BRF's Fluxes Absorption Transmission



Scenes per Models: Actual canopies

BRF's Fluxes Absorption Transmission



RAMI X Cal/Val



RAMI4ATM
Many radiative transfer models have been developed 

and are widely used in Earth Observation:

• Calibration

• Atmospheric correction or sensitivity analyses

• The uncertainties of these models have not been 

clearly assessed in realistic usage conditions when 

supporting typical Earth Observation applications by 

remote sensing scientists. https://rami-benchmark.jrc.ec.europa.eu/

RAMI4ATM was dedicated to the 

benchmarking of coupled 

surface-atmosphere radiative 

transfer models. 



RAMI4ATM models/inst = 16
Model # Institution Participants Reference

6sv
Second Simulation of the Satellite Signal in the Solar 

Spectrum v2.1

Magellium
Jorge VICENT 

SERVERA

S.Y. Kotchenova et al. (2008), J. Vicent et al. (2020)

modtran6 MODerate resolution atmospheric TRANsmission A. Berk et al. (2014), L. Guanter et al. (2009)

sbdart Santa Barbara DISORT Atmospheric Radiative Transfer P. Ricchiazzi et al. (1998), J. Vicent et al. (2020)

6sv2.1 6SV v2.1 (2014)
EC-JRC

Christian

LANCONELLI
S.Y. Kotchenova et al. (2008)

sixsnad Modified 6SV, RT coupled model used for ESA Nadine GOBRON S.Y. Kotchenova et al. (2008); Gobron et al. (1997)

eradiate A cal/val-oriented 3D radiative transfer model
RAYFERENCE Nicolas Misk

Reference: https://www.eradiate.eu

rtmom Radiative Transfer Matrix Operator Method Y. Govaerts (2006)

pnims
Polarized radiance Improved Multiple and Single 

scattering (PnIMS) GRASP Masahiro Momoi

Lenoble et al. (2007)

Momoi et al. (2022)

Nakajima and Tanaka (1988)

waqh Waquet and Herman radiance correction Lenoble et al. (2007), Waquet and Herman (2019)

model-iao Model of V.E. Zuev Institute of Atmospheric Optics SB RAS IAO Zhuravleva Tatiana
T. Zhuravleva (2008), T. Zhuravleva and I. Nasrtdinov

(2018)

smartg Speed-Up Monte Carlo Advanced Radiative Transfer using GPU HYGEOS Mustapha MOULANA Ramon et al. (2019)

smartmom
Simulated measurement of the atmosphere 

using radiative transfer based on the Matrix Operator Method
JPL Sanghavi Suniti

Sanghavi, S., et al. (2013)

vsmartmom
Vectorized Simulated measurement of the atmosphere 

using radiative transfer based on the Matrix Operator Method
Sanghavi, S., et al. (2014)

sos-abs Successive Orders of Scattering code including gas absorption CS Group Stéphan Gwendoline J. Lenoble, et al. (2007)

pydome python library for radiative transfer computations DLR Dmitry Efremenko A. Doicu and T. Trautmann (2009)

wps Weighted Photon Spread
Beihang 

University
Feng Zhao Zhao et al. (2022, 2015)



Web Site
https://rami-benchmark.jrc.ec.europa.eu/



• Energy conservation (l)

• BRF consistency (L)

• BRF vs Albedo (NEW) (L)

• The BRF simulations are used to optimize the RPV function to obtain the 

corresponding BRDF parameters. DHR and BHR are then recomputed by 

geometrical integration and compared with the submitted DHR, BHR.

• Albedo vs (F↑/F↓) Top-of-Canopy (l)

• Spectral consistency (un-collided BRF vs Input surface properties)

Internal Consistencies



Applying ISO-13528 to Canopy RT Models

Widlowski J.-L., et. al. The fourth Radiation Transfer Model Intercomparison (RAMI-IV): Proficiency 

Testing of Canopy Reflectance Models with ISO-13528. (2013), Journal of Geophysical Research -

Atmospheres, 118, D09111, 13, DOI: 10.1002/jgrd.50497. 

• Ensure the homogeneity and stability of the samples that are to be analyzed 

by the participants

• Assign a reference value against which the bias of the participants can be 

determined  ISO-13528 recommends to use consensus values derived 

either from the simulations of selected expert models or else from the 

participants of the proficiency test itself. 

• Specify a tolerance criteria allowing to determine whether deviations from 

the reference are significant. 

http://dx.doi.org/10.1002/jgrd.50497


Histograms of z′ statistics

A priori reference (when possible)

Tolerance: 3 & 5 %

X* is the "reference" value

xm
*  is the radiative quantity of interest 

simulated by model

u2
X* standard uncertainty of the assigned reference value

𝜎 proficiency criteria

Widlowski J.-L., et. al. The fourth Radiation Transfer Model Intercomparison (RAMI-IV): Proficiency 

Testing of Canopy Reflectance Models with ISO-13528. (2013), Journal of Geophysical Research -

Atmospheres, 118, D09111, 13, DOI: 10.1002/jgrd.50497. 

@Rapporteur:

Note to ask 'Which value do we 

really need?"

http://dx.doi.org/10.1002/jgrd.50497


Rules for the reference – Custom

• 3D – Published – Used - ROMC Validation 99% ?

• Consistency check – depend on the measurements

BRF types

• BRF consistency OK

• Spectral consistency OK

• Model-to-model : < 1-2% overall at least 2 models

• Participation : at least 80%

DHR/BHR - FAPAR

• Energy conservation OK

• etc ….

@Rapporteur:

Note to ask 'Which rules do we 

agree?"



Do we have reference values ?

𝛿 < 2%

Participation= 100%

model-specific reference values = {mod_p if 

n=76}-m

𝜎 proficiency criteria for BRF = 3% or 5 %

u2
X* standard uncertainty of the assigned reference values 

Reference – Custom 
(Credible)

Reference Model Dependence 
(RMD)

@Rapporteur:

Note to ask 'Which 

values do we agree for 𝜎
proficiency criteria ?"

Canopy albedo (R) and Foliage Absorption (A)   GCOS ECVs requirements

Others DHP  Gap Fraction  LAI  GCOS ECVs requirements



• RAMI is linked to EO space life.

• From basic' experiences to current sensors spectral bands and 

geometries;

• Preparation of each phase's scenarios and deep dive analysis required 

huge work.

Summary

https://rami-benchmark.jrc.ec.europa.eu/



Thank to Copernicus as the sponsor of the workshop !



EU Science Hub: ec.europa.eu/jrc

@EU_ScienceHub

EU Science Hub – Joint Research Centre

EU Science, Research and Innovation

Eu Science Hub

Keep in touch



Thank you
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