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ABSTRACT:

The RAMI On-line Model Checker (ROMC) is a web-based tool (http://romc.jrc.it/)” allowing for the automated evaluation of
canopy radiation transfer (RT) models. This is achieved by comparing simulation results submitted by registered ROMC users to a
reference dataset established from credible 3-D Monte Carlo models during the third phase of the RAdiation transfer Model
Intercomparison (RAMI) exercise. Access to the ROMC is free and allows users to assess their model performance either in “debug
mode” (if users want to evaluate the impact of changes in their model’s software code/parameter input with respect to some user-
selected test cases identical to those in RAMI), or, in “validate mode” (if users want to evaluate the performance of their model
against a random selection of test cases not included within RAMI). Upon successful submission, registered ROMC users will be
presented with various results statistics and graphical displays that document the performance of their model with respect to the
reference dataset. In addition to providing an indication of the overall skill of a model to correctly match the reference data, the
ROMC also allows for interactive comparison/evaluation of the differences existing between various versions of the same model.
Furthermore, ROMC users can download encapsulated postscript versions of these graphical results files, and — in debug mode only
—may also receive ASCII files containing the ROMC reference data. ROMC graphs come with a reference number and may be used
in presentations and — in validate mode — also in refereed scientific publications to underline the quality of a given model. As such
the ROMC is a good example, on how a concerted, voluntary community effort (i.e., RAMI) has led to tangible results that benefit
both model developers and their customers.

1. INTRODUCTION strong consensus emerged among RT models capable of
simulating the entire palette of RAMI test cases: from simple

Indicators as to the quality of physically-based radiation plane-parallel  turbid medium scenarios to complex

transfer (RT) models are of relevance to their developers and
users, as well as the scientists, space agencies and policy
makers that use or support the products and information derived
on the basis of such model simulations/inversions. The radiation
transfer model intercomparison (RAMI) initiative was launched
in an attempt to shed light on the reliability and accuracy of
existing canopy radiation transfer models. RAMI is a triennial
community exercise that encourages the systematic evaluation
of canopy reflectance models under well-controlled
experimental conditions and on a voluntary basis (Pinty et al.,
2001, 2004, Widlowski et al., 2007). Significant efforts were
being made during the first (1999) and second (2002) phases of
RAMI in order to document and reduce the dispersion between
increasing numbers of participating models, but it was not until
the completion of the third phase (2005) that a sufficiently

heterogeneous vegetation canopies with and without underlying
topography. During RAMI-3 the mutual agreement between the
reflectance simulations of six state-of-the-art 3-D Monte Carlo
models was estimated to lie at ~1%. This is significantly lower
than anything previously achieved and well below the absolute
accuracy of current space borne measurements, which prompted
the usage of these model simulations in order to establish a
reference dataset against which other/future radiative transfer
models may now be compared.

2. THE ROMC REFERENCE DATA SET

The self-consistency (e.g., energy conservation) together with
the absolute and relative performance of models were evaluated
in great detail during RAMI-3. Substantial improvements in

* Corresponding author; ** Due to a renaming of all European Commission websites this URL is likely to change in the near
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model agreement were observed, in particular, for the 3-D
Monte Carlo (MC) models that participated. These models
allow for explicit 3-D representations of complex canopy
architectures and avoid unnecessary assumptions and
approximations in the solving of the radiation transfer equation
due to their stochastic sampling of the surface leaving radiation
field (Disney et al., 2000). The average model-to-ensemble
dispersion between the total BRF simulations of six 3-D MC
models (e.g., dart (Gastellu-Etchegorry et al., 2004), drat
(Lewis 1999), flight (North, 1996), rayspread (Widlowski et al.,
2006), raytran (Govaerts and Verstraete 1998) and sprint3
(Goel and Thompson 2000)) was found to have almost halved
from RAMI-2 (1.37 %) to RAMI-3 (0.72 %) for canopies with
finite-sized foliage, whereas in turbid medium cases it improved
by a factor of ~7 from RAMI-2 (6.36 %) to RAMI-3 (0.91 %) —
see Table 1 for exact values of the dispersion in RAMI-3
(computed according to equations given in section 3.3.2 of
Widlowski et al., 2007). The overall performance of these six
3D MC models in RAMI-3 thus supported their usage in the
generation of a “surrogate truth" against which other RT models
could then be evaluated.

model name foliage description
discrete  turbid

dart - 1.46

drat 0.55 -

flight 0.97 1.06

rayspread 0.55 0.64

raytran 0.60 0.69

sprint3 1.01 0.69
Table 1. Model-to-ensemble dispersion (in percent) for the
total BRF simulations over both homogeneous and

heterogeneous canopy scenes for six “credible” 3-D Monte
Carlo models identified during the third phase of RAMI.

In order to obtain a “surrogate truth” estimate it was decided to
simply average the BRFs that were obtained from the above set
of credible MC models. Due to variable model participation
(and performance) the precise number and names of the
available 3-D MC models could, however, change from one
experiment and measurement to the next. As a consequence, the
number and names of the credible models that featured in the
computation of the “surrogate truth” had to be chosen
separately for every RAMI experiment and measurement. The
following list of criteria was finally applied to derive the
“surrogate truth” estimates from RAMI-3 simulations:

1. For every RAMI BRF (flux) measurement, identify at
least two (one) 3-D Monte Carlo models that do not
belong to the same RT modelling school/family,

2. If two (or more) models from the same RT modelling
school/family are available, e.g., rayspread and
raytran, choose the one with the least amount of
apparent MC noise,

3. Remove all those 3-D Monte Carlo models from the
reference set that are noticeably different from the
main cluster of 3-D MC simulations,

4. If sufficient models are contained in the main cluster
of 3-D MC simulations then remove those models
that would introduce noticeable levels of “MC noise”
into the reference set,

5. If there are two distinct clusters of 3-D Monte Carlo
models, or, no obvious cluster at all, then use all
available 3-D RT models to define a reference
solution.

A drawback of this selection procedure lies in the fact that the
ROMC reference dataset may not be fully compliant with
energy conservation. This is a direct consequence of 1) not all
credible models performing all test cases and measurements,
and 2) the variable performance of credible models for different
measurements types, as well as, structural, spectral and
illumination scenarios. Nevertheless, the average absolute
deviation of the ROMC reference dataset from energy
conservation was found to be 0.00025 in the red, 0.00007 in the
near-infrared, and 9.5*107 for conservative scattering
conditions (purist corner). A synoptic table featuring the names
and performances of the various 3-D Monte Carlo models that
contributed toward the computation of the “surrogate truth” for
all the RAMI-3 experiments and measurement types

individually, can be found on the following internet page:
http://romc.jrc.itt WWW/PAGES/ROMC_Home/RAMIREF.php
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Figure 1. The RAMI On-line model checker (ROMC) website.

3. THE RAMI ON-LINE MODEL CHECKER

With this valuable reference dataset at hand, it becomes
possible to allow canopy RT model owners, developers and
customers to evaluate the performance of a given model even
outside the frame of RAMI. To facilitate such an undertaking
the RAMI On-line Model Checker (ROMC) was developed at
the Joint Research Centre of the European Commission in Ispra,
Italy. The ROMC is a web-based interface allowing for the on-
line evaluation of RT models using as reference the “surrogate
truth” derived from among the six credible 3-D Monte Carlo
models identified during RAMI-3. Access to the ROMC can be
obtained either via the RAMI website or directly using the
URL"™ http://rome jrc.it/. After providing a username and valid
email address, the ROMC can be utilised in two different ways:
1) in “debug mode”, which allows to repeatedly compare the
output of a RT model to that of one or more experiments and/or

™ Due to a renaming of all European Commission websites this
URL is likely to change to http://romc.jrc.ec.europa.eu/.
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measurements from RAMI, i.e., the simulation results are
known since they are available on the RAMI website, and 2) in
“validate mode”, which enables the once-only testing of the RT
model against a randomly selected set of test cases that are
similar but not quite equivalent to those from RAMI, i.e., the
solutions are not known a priori and the model runs cannot be
repeated.

e In “debug mode” users may choose to execute one
particular experiment and/or measurement from the
set of RAMI-3 test cases ad infinitum, or, at least until
they are satisfied with the performance of their model.
Detailed descriptions of the structural, spectral,
illumination and measurement conditions are
available. Once the ROMC user has generated his/her
model simulations, they can be up-loaded via the
web-interface, and - provided that they adhere to the
RAMI filenaming and formatting conventions - this
process will result in a series of graphical results files
being made available for all test cases. In debug mode
users may not only download their ROMC results but
also an ASCII file containing the actual “surrogate
truth” data.

e In “validate mode” ROMC users may choose between
structurally homogeneous leaf canopies and/or
heterogeneous “floating spheres” scenes in order to
verify the performance of their model. The actual set
of test cases will, however, be drawn randomly from a
large list of possible ones, such that it is unlikely to
obtain the same test case twice, i.e., in all likelihood
one will not “know” the solution a priori. Again, the
“surrogate truth” was derived from simulations
generated by models belonging to the same set of 3-D
MC models as was the case for the debug mode. In
validate mode the reference data will, however, not be
available for downloading. The procedure for data
submission, on the other hand, is identical to that of
the debug mode, and - provided that all RAMI
formatting and filenaming requirements are applied -
leads to a results page featuring a variety of
intercomparison graphics.

Registered ROMC wusers may download their model
performance results either as jpeg formatted images directly
from the ROMC website, or else, opt for receiving them via
email in postscript form. Both the debug and validate mode
ROMC results files feature a unique reference number. Graphs
are available for individual experiments (see Figure 2) as well
as for the ensemble of submitted experiments (see Figure 3).
Currently the set of downloadable graphs include 1) plots of
Bidirectional Reflectance Factors (BRF) from both the user’s
model and the ROMC reference dataset along either the
principal or the orthogonal plane, 2) 1 to 1 plots of the model
and reference BRFs (or fluxes), 3) histograms of the deviations
between the model and reference BRFs, 4) 3 graphs depicting
model equivalency with the reference data set for the various
submitted measurements, 5) graphs depicting the deviation of
the model and reference fluxes using barcharts, and 6) Taylor
diagrams (Taylor, 2001) expressing model performance in
terms of correlation, standard deviation and root mean square
error (see Figure 4). Statistics like the root mean square error
(RMS), the signal to noise ratio (S/N) and the number of
experiments included are also provided. In addition some these
graphs can be received in black and white only form.
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Figure 2. Examples of downloadable ROMC graphics showing
model performance for individual experiments in debug mode
(top) and validate mode (bottom). Shown are plots of user and
reference BRFs (top left), a x* graph (top right), a histogram of
BREF differences (bottom left), and a 1:1 plot (bottom right).
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Figure 3. Examples of ROMC graphics summarising model
performance for ensembles of submitted experiments carried
out in debug mode (top row) and validate mode (bottom row).
Shown are a 1:1 BRF plot (top left), a barchart of mean absolute
flux differences (top left), a histogram of BRF differences
(bottom left), and a * graph (bottom right).
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Figure 4. Examples of a Taylor graph in validate mode
depicting model performance in terms of the ability to match
the pattern (correlation R) and variability (normalised standard
deviation) of the reference solution. The RMS difference error
is also indicated (dashed isolines).

In order to provide an overall indication of a model’s capability
to match the reference data set a skill metric is defined and
applied to each measurement type. The ability of a skill metric
should be such that 1) for any given variance the score
increases monotonically with increasing correlation, and 2) for
any given correlation the score increases as the modelled
variance approaches the variance of the reference data set. For
visualisation purposes the ROMC skill scores were defined
from zero (least skillful) to 100 (most skillful). The metric that
was chosen for the ROMC skill score evaluates the correlation,
R between the model simulations and the reference data set, the
standard deviation, ¢ of the model and reference dataset, and

the mean, X of both datasets:

. 1+R)
Skill =100 ( 5 ) > ()
X_mod + i(ref Gmod + O-ref
Xref Xmod O-ref O-mod

Since different models may perform different numbers of
experiments in debug mode the representability of the skill
metric has to be related to the number of test cases on which it
is based (see Figure 5).

The ROMC possesses also a series of interactive features
allowing users with more than one registered model (maximum
is 3), or, users that have submitted simulation results of
different versions of the same model to compare these data
either against the ROMC reference data or against one of their
own ROMC submissions. Similar graphics as in the standard
submission to the ROMC are provided both in encapsulated
postscript format and as jpeg images (see Figure 6).
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Figure 5. The ROMC skill describing the performance of two
models — belonging to the same user — over their respective sets
of available simulations for the homogeneous scenes in RAMI.

Users of ROMC are encouraged to utilise only ROMC results
that were obtained in validate mode for publication purposes.
Those obtained in debug mode, obviously, can not qualify as
unambiguous proof of model performance since all simulation
results may readily be viewed on the RAMI website. It should
also be noted that it is not permissible to modify, change or edit
the results provided by the ROMC. This applies to ROMC
graphs, statistics, as well as reference data which must all be
used 'as provided' and duly referenced using either Widlowski
et al., (2007) or this publication.
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Figure 6. Examples of interactive ROMC graphics in debug
mode, showing (left panel) a histogram of model-to-reference-
differences for two models belonging to the same ROMC user,
and (right panel) a 1:1 plot of BRFs for two different versions
of the same model of a ROMC user.

Last but not least a large ensemble of FAQs are available on
the ROMC website, that explain the conceptual functioning of
the ROMC, the statistics and graphics provided, as well as the
submission procedure and guidelines to address eventual
troubleshooting. It is hoped that the ROMC will prove useful
for the RT modelling community as a whole, not only by
providing a convenient means to evaluate RT models outside
the triennial phases of RAMI (something that was rather tedious



in the past if authors wished to rely on the experiences gained
from RAMI, e.g., Gastellu-Etchegorry et al., (2004)) but also to
attract participation in future RAMI activities.

In this context it is important to realize that the ROMC is
primarily intended to provide rapid, indicative evaluations of
the performance of RT model, in particular in validate mode.
RAMI, on the other hand, approaches model evaluation in a
more comprehensive manner covering many different aspects of
model performance under a large variety of structural, spectral
and illumination conditions. The usage of the ROMC should
thus be seen as a first step toward the full participation in a next
phase of RAMI. Finally it should also be noted, that it is
foreseen to regularly update the reference data set of the ROMC
after every new phase of RAMI, thus reflecting the
improvements that are being made by the RT model
community.

4. CONCLUSION

The RAMI On-line Model Checker (ROMC), a web-based tool
for the autonomous benchmarking of canopy radiation transfer
models was presented (http://romc.jrc.it/). The ROMC was
made possible due to substantial improvements in model
agreement observed during the third phase of the RAdiation
transfer Model Intercomparison (RAMI) exercise. The ROMC
utilizes a reference data set established after several years of
efforts of the international modeling community to identify a
series of “credible” 3-D Monte Carlo models. It is expected that
the ROMC will evolve into a yardstick for scientists, funding
agencies, and policy makers alike when it comes to appreciating
the quality of a given model and ultimately also the information
that it helps retrieving from Earth Observation data.
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