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RAMI Phases
« RAMI 1 (1999):

- Turbid medium and discrete
- Solar domain + purist corner

- 9 models (HOM: 7)

.« RAMI 2 (2002): v
- Topography + true “zoom-in
- 13 models (HOM: 9)

- RAMI 3 (2005):

Birch and conifer scene
(GO models)

- Heterogeneous purist corne

- Local transmission and
horizontal flux measuremen:.__

- ? Models (HOM: 15)

HOMogeneous HETerogeneous

"‘\""' ' 'h' Hoo

vus et ‘I el r/l’

http://rami-benchmark.jrc.it
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Measurement Types

Measurements include

Flux quantities:
« Albedo

e Transmission
e Absorption

BRF quantities:

Total BRF
(PP+OP)

«BRF components
-multiple collided
-single un-
collided
(hit soil only
once)

-single collided
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T T
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Model comparison in absence of a
“truth”
Model self consistency: ooe * L 4
« Energy conservation i ]
- Fluxes: 1=A+R+(1-a)T oo  odel
- BRFs: total=co+uc+mlt i S 1 st
. Spectral ratii: ol RN 1
UC, o/ UC\R = Oeq/ Ayig " _ 1
Absolute model evaluation: .. .
o Purist corner fluxes: A,R 5 i | — s+
« HOM TUR UNI: uc, co i 17 e
tive-mrodetevaluation: i 1
Model dispersion: &, oo -
« Model equivalence: X2 i ]
AL

nnnnnnnnnnn



EUROPEAN COMMISSION

DIRECTORATE-GENERAL

Joint Research Centre

Relative Intercomparison: BRF
Dispersion

raytran discret mbrf rayspread sprint3 drat RGMACRM

Evaluate hOW different any 25—1 LI L N L [ O N L N O Y B B I l-
one model is with respect to
all other models:
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Relative Intercomparison: X? statistics

Use X? metric to identify how close RT models are to a credible
BRF solution:

Nog N scenes
2
= (ZS]9}\’) pcreze(lS]’)\’):f
x(1)= N_IZ > 2 VHFP Ty

Credible BRF solution is derived from 3D Monte Carlo

models:
Iocredible(i7sﬂj;)\’)= <p3D(17S9]9)\‘)>

Simulation error is fraction f of credible BRF solution:

oli,2)= f{psp (5. js2)
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Relative Intercomparison: X? statistics

Discrete Turbid

Model Discernability [Ref.: FLIGHT, Rayspread, drat] Model Discernability [Ref.: FLIGHT, Rayspread, Sprint3, DART]
5 T 5F ™
Dimensions’ C Dimensions’
152 8-~ F 152 8,."
2,8, Models - 2,8,
4 ~22 Sprint3 4F S22 Models
. 2 Scenes C 1 Scenes -
10 Models || © RayTran : |8 Models Sprint3
© Rayspreg ’ © RayTran
3 » frat SF © Rayspreg
o * drat & f  Discret
 Discret : DART
2 Y “
» Sail++ - '5 » Sail++
FLIGHT g FLIGHT
1 % ACRM o S— e x 4SAIL2
4SAL2 e
ok, i O -
0 1 2 3 4
Xfed

X2 uses 6=0.025<BRF>,, X2 uses 0=0.01 5<BRF>.19Q/S
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RAMI achievements so far...

« Established model intercomparison as community
exercise,

« Fixed obvious model bugs and provided feedback on
directions for potential RT model improvements,

« Documented spread of available RT models and
reduction of spread from phase 1 to phase 2,

e Increased complexity of experiments (topography, zoom)
and measurements (local transmission/BRF and
horizontal fluxes),

o Augmented visibility (IRC, website) and participants list,
» Improved agreement between 3-D MC models (surrogate

truth) /\’Q/S

Environment and
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Where do we go from here?

Science questions should dominate any new experiments:

« What is the impact of canopy abstraction (on RT model output and
accuracy of inversion algorithms)?

« How to validate remote sensing products (what field instruments and
sampling schemes)?

Increasing number of structural scenarios from RAMI 1 — RAMI 3

« Heavy on newcomers but necessary for comprehensive RT model
evaluation! Can we ease this load?

e Reduce work of coordinators and enable continuous RT model
checking - even in between RAMI phases.

Exploit very close agreement between 3-D MC models.
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Landscape generation

« Generate explicit representations of selected field sites:
- use available measurements and imagerv.
- sample different biomes (SAFARI, BO
- ideal scene size 250x250 to 500x500 |

%

e Generate structural abstractions ¢
the same scenes.

e Apply dynamic measurements
scenarios to these scenes:

- reproduce measurements of existingf, /
instruments (TRAC, LICOR, fisheye |

- provide new measurement strategie
to specific campains.

Courtesy of
P. Lewis &
i M. Disney
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The RAMI On-line Model Checker
(ROMCQ)

The ROMC allows to check the performance of your RT model:

« quickly, online and at any time

e using a minimum set of test cases derived from RAMI

« against a “surrogate truth” derived from credible RAMI models

[ ROMC - Mozilla EEX

i File Edit View Go Bookmarks Tools Window Help

éﬁi - Q - R:%d “35 ,E http:fframi-benchmark. jrc.itfROMC W WWIPAGESIROMC _Login.php v :ﬁ v

% Z%Home | W¥Bookmarks #2Cinema £ Google #2Meteoschweiz #2Wordsmythiow £2FAz £21E0 2RTL £ akeriet #Maporama 42 TuttoCitt
' e v # < » 4 M§ W:g’

RAMI On-line Model Checker
ROMC Info Registration Login

LoaGIn

EUROPEAN CoMMISSION JOINT RESEARCH CENTRE

RAMI{DOTIWEBADMIN{ATYIRC{DOT)IT /\/Q/S
titute
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The RAMI On-line Model Checker
(ROMQ)

ROMC in a nutshell:

To have access users must register (valid email address)
Users may test up to 3 different models at once.

To test their model users may choose between
HOMOGENEOUS and/or HETEROGENEOUS (floating spheres)
test cases.

Measurements are the same as for RAMI exercises
Users must submit their model simulations in RAMI format.

Results will be shown graphically against the reference
data set (with its uncertainty) or in terms of x? statistics.

Users may receive ROMC results as jpeg and ps files via
email.

Users may choose between DEBUG and VALIDATE mode'\./Q,S

itute for
nnnnnnnnnnnnn
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The RAMI On-line Model Checker

(ROMC)
ROMC features 2 modes:
« DEBUG mode

- Users choose from the set of existing RAMI experiments and
measurements

- Users may submit their simulation results repeatedly for the
same test cases

- Users may retrieve the ASCII file containing the reference data
DEBUG mode results do not qualify as model validation!

e VALIDATE mode

- Users will be given a small set of experiments (similar to those in
RAMI)

- Once selected users may submit their simulations only once

- Only graphical results files are available for download (jpeg and
Ps) .

- VALIDATE mode results may be used for model validation /\/Q/S
purposes. Sy
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VALIDATE mode

model1_300905145547_452217 HOM 11 DlS ERE NlR_3O model1_260905143906 HOM 11 _D|S_ERE_N|R_OO
L A S B S S B ) AL L A L B R S R
0.45F+ RAMI2 to _ 0.36 RAMIREF o
T - -~ RAMI2 1 - - - - RAMIREF
— model1 ] I — model1
L 0.34 - —
0.40
0.32
Q
g‘ 0.35 g
5 o 0.30
I 0.28
0.30 L
0.26 i
0.25 i [
[ ! | | ! ! ' ! | ' ! L f | . 2 ] 024 1 1 | 1 L L | | 1 L ! 1 | ' A
-50 0 50
View Zenith angle [degree]
[ ]

ROMC Debug Mode OIB»;sOto check o model ogoinsl olready pub\?shérainM\ results
View Zenith angle [degree]
This groph does not qualify as model validotion nor is it to be used in any publications
Institute for
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Sustainability




EUROPEAN COMMISSION

*
* DIRECTORATE-GENERAL

s Joint Research Centre

Common Data Repository

Need for accurate BRF/flux simulations over 3-D vegetation
targets:

- improve the accuracy of retrieved state variables from multi-
angular / multi-spectral remote sensing data.

- parameterise, correct and validate inversion schemes that are
not based on 3-D RT models.

- evaluate instruments and measurement strategies that deliver
inventory or ground ‘truth’ data in the field.

- perform case studies to assess the impact of structural
parameters on reflectance anisotropy, e.g., crown shape,
branches, etc.

RT simulations over detailed 3-D canopy targets require
access to

sufficient resources:
- Most 3-D RT codes are computationally heavy. /\/Q/S

tute for
nability

- Generation of canopy scenes is labour intensive and may requifés:~

arracc tn fiald Aafa
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Common Data Repository

e Individual 3-D RT
modelling schools harbour
the knowledge and
expertise to represent
certain plant architectures

NG FRAITAMLISRT
modelling schools have
acquired sufficient
computer resources,
and/or improved the speed
of their 3-D models to RENS
meet the demands of in- ALK

hOUSG SCientiStS and taSkS Courtesy: M. Disney, Y. Govaerts, P. North, P. ,E“:m:;'im
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Common Data Repository

Provided that the outputs (BRFs, fluxes, etc.) of a set of RT
models are undiscernable (within some small level of
uncertainty) amongst themselves then these RT models can
be used interchangeably to generate a common data

itory,
N RAMI activity is a convenient platform:

e accepted community exercise
« expertise in model evaluation
e known file formatting and naming schemes

Entice 3-D Monte Carlo models to contribute to a publically
available common data repository of accuracy assured BRF/
Flux data.

nnnnnnnnnnnnn
Sustainabili



RSS9 EUROPEAN COMMISSION
: : DIRE.CTORATE-GENERAL
W Joint Research Centre

RAMI and I3RC

...but it’s time to put some meat on the
bones!
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RAdiative transfer Model Intercomparison
(RAMI)

Purpose of RAMI:

e To act as common platform for the impartial
intercomparison, diagnosis and, ultimately, also
validation of RT models.

e To document current uncertainties/errors among existing
RT models over an as comprehensive as possible set of
conditions.

« To serve as baseline protocol against which further RT
model improvements and developments can be made.

« To foster the scientific debate in the modeling

community. ALK

Environment and
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Model Self Consistency: Flux
quantities

Energy conservation requires that: 1=A+R+(1-a)T

Energy Conservation: Discrete Red and Near Infrar Energy Conservation: Turbid Red and Near Infrared
1-2 F T T T T T T E 1.2 F T T T T T T T T E
11E - 1E =
;:; 1.05 _——— ;; 1.0E - _—E
0sf 3 09F 3
0_8 E 1 1 1 1 1 0,8 E 1 1 1 1 1 1 1
4SAlL2 FLGHT SAL++ discret raytran sprint3 4SAIL2 FLIGHT SAL++ TwoStream dart  discret raytran sprint3
Models Models
Energy Conservation: Discrete Purist Energy Conservation: Turbid Purist

1.2 T T T T T E 1.2 F T T T T T T E

11 3 1E 3

g ; 3

5 1.0 1 510 — =

-] 3 [+ =

m E m E
09F 3 09f 3

t 0.8 E 1 1 1 1 1 0,8 E 1 1 1 1 1 1 1 E °
4SAL2 SALL++ discret raytran sprint3 4SAL2 SAIL++ TwoStream dart  discret raytran sprint3 /\/Q/S
Models
Institute for
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Sustainability
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Model Self Consistency: BRF
quantities

10

The spectral ratio of the os
single-uncollided in the red I
and NIR must be equal to ]|~
the ratii of the soil albedos i": | : V'W'm
in these bands. : | / |
Pt e (Q39,) o :j:*"
psi?iuc (Qvﬂ QO ) agS{ A2
t l l I l l /.\/Q/S
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Absolute Model Evaluation: Flux
quantities

ITurhid purliqt carner: Ifnb<;

Under conservative scattering 010
conditions, i.e., r;=t = 0.5,

d.; = 1.0, the surface leaving _
flux (DHR) is equal to 1. 005~

0.00 p- { {

RMS error [%]

Under conservative
scattering
conditions, i.e., r;=t =
0.5,
—0.10_ | | |

-0.05

d.; = 1.0, the absorbed
flux 'IS raytran sprint3 discret moSdP:IL-Ir;:me

4SAIL2

TwoStream

equal to 0.
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Absolute Model Evaluation:
brf_uc_sgl

The single-uncollided (hit the
soil once) BRF component in
the case of a turbid medium
canopy with a uniform LND
overlying a Lambertian soil is

yyspread sprint3 discret dart

IIIIllIIIIIIIIIIIIIIIIIIIIIII

|

[%]

1 l——l—T—l—'i'—l——l-—l__l A 1

RMS error

-0.5LA1 -0.5LA1
psgl_uc (HV ) 90 )= eXp 1 1 | %o’ -
‘ALLO‘ Auv

-60 -40 -20 O

20
View Angle /\/Q/<>
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Absolute Model Evaluation:

brf_co_sgl
The single-collided (hit only
leaves once) BRF component
for a turbid medium canopy

with a uniform LND overlying
a Lambertian soil is:

-LAI -LAI

raytra

rQ, —Q,)|1-exp

+
20| 2

‘M0‘+Auv
anlquoegzv) rL;; (sin 8 - /J’cos/a’)+—cos[3

cos 8 = (cos 0,cos0, +sinf,sin0, cosQ)

Shultis and Myneni, 1988; Gobron et al, 1997

pyspread  sprint3  discret  dart

IIIIllIIIIIIIIIIIIIIIIIIIIIII
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Model comparison in absence of a
“truth”

o Absolute “truth” is generally not available. Model
results cannot be evaluated against an absolute
reference “truth”.

« Model deviations with respect to an ensemble average
are difficult to interpret in the presence of outliers.

but

e Model results can be compared against each other to
document their relative differences.

« Model results can be compared over ensembles of test
scenarios to establish trends/behaviours in their
performance.

« Careful inspection/verication of an ensemble of modeju/s
results may lead to the establishment of the “most =

sssss inability
rrodihlo enliitinnc” ac a cirrnocate far “Triith?”




* %

%Xk

*

* *
* 4%

EUROPEAN COMMISSION

DIRECTORATE-GENERAL

Joint Research Centre

The RAMI On-line Model Checker

ROMC

B¥ ROMC - Mozilla

: File Edit View Go Bookmarks Tools ‘Window Help

"¢ . % .3 ®

[B] http:{frami-benchmark.jrc.it{ROMC I WWWIPAGES/ROMC_Login.php
Back Reload

4} Home ‘-Z&Bookmarks l Cinema lGoogIe lMeteoSchweiz lWordsmythNow lFAZ lLEO ‘RTL lAIterNet lMaporama l TuttoCitta

Ko o e 4 B 35 ok g

N ‘ 22 _Search

RAMI On-line Model Checker
Registration

ROMC Info

LoGin

Usemame:l

Password:l

Submit I

Registration User Remember Password

EUROPEAN COMMISSION JOINT RESEARCH CENTRE

RAMILDOT JWEBADMIN(AT JJRCL{DOT JIT

e Yl 2 (3 &2

[------------] =1D-ﬁa
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Model Certificates?

Advantages:

- Allow for better appreciation by other scientific communities

- give model owners a means of conveying the quality of their
models.

- give potential model users/customers a means of estimating the
quality of its output.

- create further impetus for RT model developers / owners to
submit their model to a comprehensive validation procedure.

Unresolved issues:

- What criteria should be reflected (number of performed

experiments and measurements, accuracy of results, nature of
model)?

- If tied to RAMI: certificates expire for each phase, due to
potential model development, new RAMI experiments and .
measurements. BUT previous RAMI results are available /\/Q/S
publically!
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Relative Intercomparison: BRF
Dispersion

Evaluate how different any

one model is with respect to 3
all other models: \
\

,0)-203 S ; Z +
=1 ‘s=1 | k=1;k=m ‘ Ll

‘pm(HV’i’S’)\')_pk(HV’i’S’)\') | k\L—
\

0,0,15.7)% 9, 0,1,5.1)

Histogram of 0,,(6,) may be
computed for the total BRF

and the various BRF
components
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Relative Intercomparison: surrogate
truth

rayspread  sprint3 drat
llllllIIIIIIIIIIIIIIIIIIIIIII
raytran discret ysprea

4.0 :—3-D MC models = mprTTTTL

In absence of absolute _
truth criteria, establish 35
surrogate truth from :

ensemble of 3-D Monte 30|
Carlo models that: X
» have performed all 20l
required experiments and

measurements 1.5¢
e minimize RT assumptions _ _
and parameterisation 1'0-7ll1~lullmlmlmlmllf
shortcuts T ege . AV

o feature explicit input B
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Participation & Performance

Discrete Turbid

- - Model Discernability Model Discernability
d= - E 3. = : i
= Yy, &2t £ B 5 5 2 y ;8 + 8 % £EE D
a sE8 8317883855z sESEz:ic7EspsE iyt
< 3 L TE 6 « S & o ..g S re o < 8 TR 6 o S & o E S re o

HOM11 NR1 HOMO1 NR1
o HOM12 NR1 HOMO2 NR1
—
m HOM15 NR1 HOMO5 NR1
m HOM0313 Combined HOMO03 Combined
m HOMO313 NIR HOMO3 NIR
af==d HOM0313 RED HOMO3 RED
&=

Plot Legend . X2 value > plot maximum. Plot Legend . X2 value > plot maximum.
. = Incomplete Data % 1. = Incomplete Data
. No Data ) . No Data

X2 uses 6=0.025<BRF>5, X? uses 0=0.01 5<BRF>iDQ/S
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