





























































































































































































































































































































models are coupled with the atmospheric
transfer models, resulting in complete radiative
transfer codes describing the interactions over
the entire path of the radiation from the emitted
solar irradiance to the Top of the Atmosphere
(TOA) radiance recorded by satellite sensors.
Variables can then be retrieved by model
inversion constrained by ancillary data (e.g.
atmospheric profiles measured by a radio-
sonde, in-situ measured micro-climatic data,
a-priori knowledge of some of the canopy and
soil variables, e.g. gathered by campaign
activities). Moreover, comparison of the
modelled TOA radiances constrained by
ancillary data with the observed TOA radiances
makes it possible to analyse and further
improve the models.

TOA radiances are used as inputs in the
inversion process. Different approaches are
proposed for the inversion, such as look-up
tables, neural networks, golden-section 3D and
Gauss-Newton techniques.

It should be noted that the models also
consider illumination- and viewing-angle-
dependent effects. This means that the
inversion process is further constrained by
feeding in additional angular observations. This
in turn reduces the number of degrees of
freedom available during the inversion, and
may enhance the accuracy of the retrieved
variables. The latter will then be used as inputs
to surface-process models to derive variables
of interest to researchers, such as canopy
state, fluxes, crop production, etc. These models
can be used both for monitoring and fore-
casting the state of the ecosystem.

3. Assimilation of remote-sensing data into
radiative transfer and canopy or soil
functioning coupled models

A further development of the technique
discussed above is the coupling of the
complete radiative transfer models with the
surface-process models themselves (canopy
and soil functioning models) and assimilating
the remote-sensing observations from different
sources (optical and SAR data with different
spectral and spatial resolutions) in a multi-
temporal manner.

Assimilation involves tuning (by means of a cost
function) some of parameters of the coupled
models so that the simulation matches the
observations as closely as possible. This
facilitates optimum exploitation of the
complementary features of the different
sensors. This technigue is potentially the most
promising because it makes best use of
available information, both on the physical or
biological processes and any ancillary data.

This technique follows a new philosophy.
Instead of retrieving variables directly, it rather
aims at stakilising the coupled process models
by adjusting variables within the models,
making use of assimilation technigues. The
stabilised models make it possible to predict
the future state of the ecosystem more
accurately. The frequent feeding of the models
with remote-sensing data accounts for
unforeseen events such as hailstorms or other
natural hazards, thereby ensuring that the
model remains ‘on-track’.

This, of course, is a rather ambitious and
challenging idea and many scientific questions
still remain unanswered. These include the
refinements to be introduced into the models,
the non-linearity of model scales and the
related optimum spatial resolutions, the
optimum temporal coverage of the different
sensors, the optimum spectral resolution, the
optimum number of viewing directions and
the required spectral resolution of angular
observations, the optimum SAR (band,
polarisations and incident angle), etc. Some
of these questions were already addressed
within the framework of the LSPIM Phase-A.

ESA plans to investigate these questions
further through dedicated study activities. The
DAISEX campaigns provided suitable data to
start addressing some of these questions. A
future land-surface-processes mission will
certainly help in refining these ideas.
Programmes like APEX and CHRIS/PROBA wiill
be useful assets.

The DAISEX campaigns

The main scientific objective of the DAISEX
campaigns was to demonstrate the feasibility of
quantitatively retrieving geo-/biophysical variables
by accounting for atmospheric effects, whilst at
the same time analysing the data for possible
additional information on directional anisotropy.
Bio-/geophysical variables included the leaf
area index, biomass, leaf water content,
canopy height, chlorophyll content, surface
temperatures and emissivity. Since accurate
calibration and atmospheric corrections are
essential to quantitatively retrieve these
variables, in-situ atmospheric measurements
(needed to derive the atmospheric corrections)
were performed in addition to the field
measurements for validating calibration and
retrieval. The atmospheric modelling for
airborne hyper-spectral sensors was carried
out based on the ATCOR model. Three
airborne campaigns were organised over test
sites in Spain, France and Germany, in 1998,
1999 and 2000, exploiting a range of different
airborne instruments.

daisex campaigns
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