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Continental Surfaces

Space applications for managing the land environment
and its resources (water, biodiversity, forests, etc.)
[Fig. 1]

[Fig. 2]

[Fig. 3]
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At present, 20% of the population consume more
than 86% of the planet’s resources. The global impoverishment of the Earth’s biodiversity, exacerbated by
climate change, has become a significant threat. The
preservation of biodiversity is a matter of international
concern and it is in that context that France contributed
to the International Year of Biodiversity in 2010.
There are already 11.4 billion people without access to
clean drinking water and more than 3 billion suffering
from diseases related to poor water quality. In 2025,
two thirds of the world’s population are expected to
live in areas of water stress. Several parts of the world,
including Europe, are in danger of over-exploiting their
water resources, a situation aggravated by repeated
droughts. This has made it indispensible to analyse the
impact of human activities and climate changes on this
crucial resource. It is increasingly obvious that “continental” water is heavily influenced not only by climate
change but also, and far more strongly, by the direct
impact of human activities (artificial reservoirs, extraction for agriculture, industries or human consumption,
changing the shape of water courses, modifying the
surface characteristics of plant coverage and catchment
areas). Yet access to water resources is a key requirement
for sustainable development, as economic development,
human welfare and many environmental processes all
depend upon it.
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thermal infrared spectrum and high revisit capabilities,
2) to become a key partner with NASA/JPL in the SWOT
mission, 3) to support the BIOMASS mission, and 4) to
contribute to exploitation of the SMOS mission.
Lastly, following the recommendation of the CNES Space
Science Seminar of 2009 on the necessity of creating a
national-level unit to monitor land masses, following
several years of discussions and in-depth analysis, an
infrastructure was established by various institutions
in 2011 and work was begun on pooling satellite data
within the unit. A recurrent and long-standing request
of the scientific community has at last been answered!

The MISTIGRI mission (involving a MIcro
Satellite for Thermal Infrared GRound Surface
Imaging) is designedto measure surface temperatures
for 1) monitoringthe energy and water balances of the
biosphere on continental land masses, 2) monitoring
energy use in urban environments and 3) monitoring
continental watersand coastal environments. The
mission will also be able to contribute occasionally for
the specific needs of other fields (volcanology, monitoring peat fires, tracking human epidemics, etc.).
MISTIGRI is exceptional because of its combination of
high spatial resolution (close to 50 metres), and high
revisit capability (two days).

So although CNES’s primary mission is to further scientific research, the agency cannot avoid becoming
involved in operational applications such as irrigation
management, precise monitoring of water resources,
monitoring bio-geo-chemical cycles and soil pollution
in relation to water use, or hazard monitoring (e.g.
water stress and forest fires), because the ability of
satellite technology to provide repeated and thorough
overviews of the situation on the ground means that
space is now capable of responding to every one of
these new challenges facing society.

Various activities were pursued during Phase A of
MISTIGRI (October 2009 - July 2011) with a view to
1) drawing up a list of existing applications and of the
needs expressed by the community, 2) consolidating the
mission specifications, and 3) proposing instrument
designs and demonstrating their feasibility. Several
articles were written as a result. The review at the
end of Phase A, held in June 2011, concluded that the
design was mature and the mission feasible. Furthermore, in December 2011 the CNES Science Programme
Committee gave MISTIGRI a priority ranking and recommended initiating a search for partnerships.

These reasons have led CNES and the scientific community, 1) to develop the MISTIGRI project jointly with
Spain, which will offer greater spatial resolution in the

The SMOS mission (CNES-ESA-CDTI) completed its formal in-flight acceptance in May 2010 and
is now sending back a constant stream of measure-
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[Fig. 5]

All these highly promising results have raised the
possibility of a new concept to follow on from SMOS.
A SMOSNext instrument could have a resolution 10
times finer and three times more sensitive, which
would allow the development of new applications for
the study of coastal areas or for monitoring and managing water resources.

SWOT

[Fig. 5 bis]

It will then be possible to convert these observations
into volumes (or variations in volumes) of water, thus
enabling monitoring of the quantity of water available
at regional, national or even planetary levels. SWOT
will also be able to report on the level of rivers more
than 100 metres wide, and, above all, their flow rates.
In addition, it will be able to provide precise maps of
areas that are still submerged after flooding. This
information will enable the development or improvement of applications such as the management of
water-sharing schemes, whether international or interregional, better modelling of flood hazards, the management of clean water for urban, industrial and agricultural consumption, management of hydro-electric
plants, the prevention of the propagation of epidemics,
or assistance with river navigation. The high potential for commercial developments and the innovative
nature of its measurement capabilities have resulted in
SWOT being funded by France’s Investissement d’Avenir
(Investing in the Future) programme, set up under the
terms of the French government’s recent Grand
Emprunt (great national loan scheme).

With SWOT, NASA and CNES propose to use interferometer techniques in the Ka-band to produce measurements across a wide swath (120 kilometres) with
greater resolution (in the region of 10 metres in high
resolution mode). SWOT will be a truly revolutionary
instrument, capable of mapping and calculating the
height of any mass of water with a surface area greater
than 250 m x 250 m, and in any weather, as it will not
be affected by cloud cover.

Biomass, quantifying the biomass of forests and
its cycle (sources of carbon/carbon sinks)
CNES and ESA were both key participants in two major
BIOMASS campaigns: TropiSAR (2009) and TropiSCAT in
French Guiana in 2011. CNES continued to support the
French teams involved, funding 15 of them in 20102011. The TropiSAR data contributed to a breakthrough:
the possibility of estimating biomass for high values
(>300 Tonnes) in the P-band in tropical regions.

[Fig. 1] - Several parts of the world, including Europe,
are in danger of over-exploiting their water resources,
a situation aggravated by repeated droughts. © Phovoir

[Fig. 5 and 5 bis] - The arrival of frost and snow in Europe
at the beginning of February 2012, observed by SMOS.
The values shown here are those of the dielectric constant,
a measurement of soil emissions in the L-band, across Europe.
This variable was measured by SMOS (Fig.5) between 28 and 31
January 2012 and (Fig.5 bis) between 2 and 5 February 2012.
Frozen or snow-covered soil gives lower emissions (in blue).
The more moisture in the soil, the lower its emissions and the
higher its dielectric constant. Soil with a humidity of 0.3m3/m3
has a dielectric constant of about 15. Frozen or snow-covered
soil has a dielectric constant of about 1-3, so its behaviour
in the L-band is close to that of dry soil, which also has
a dielectric constant of about 3. © Ahmad Albitar CESBIO

[Fig. 2] - “Continental” water is heavily influenced not only
by climate change but also, and far more strongly,
by the direct impact of human activities. © Fotolia/NL Shop
[Fig. 3] - Artist’s impression of the SMOS satellite.
The scientific purpose of the SMOS mission is to observe
the surface moisture of land masses and the salinity
at the surface of the oceans. © CESBIO/2010
[Fig. 4] - Image of the test site for the TropiSAR campaign.
The colours show the information contained in the radar images.
The dark areas correspond to water, e.g. the river in the centre
of the image. The green areas represent forests, with
the different tints associated with different characteristics
of the forest. © ONERA
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ments of the surface moisture of soil, the water content
of vegetation and the salinity of the oceans. Although
we shall have to wait until the end of the mission, and
probably even longer, for a thorough analysis, the initial
SMOS results show that the mission has successfully
surmounted its early difficulties. The only real problem
encountered was the high volume of illegal radio-electrical pollution in the protected waveband. To overcome this inconvenience, several frequency-protection
agencies were able to enforce regulations in a number
of countries. More than 100 sources have so far been
closed down in Europe.
The international scientific community uses SMOS data
for validation purposes, and is now also beginning to
develop applications for it. For example, the European
Centre for Medium-Range Weather Forecasts is currently testing the assimilation of SMOS data into its
forecasting model. Other teams are working on the
best way to extract data from SMOS readings to assist
with the management of water resources in catchment
areas, or on methods for determining and monitoring
the water available in the rhizosphere. SMOS measurements are routinely used to monitor seasonal changes
in moisture both in the Tropics and on landmasses. The
accuracy of these measurements has enabled scientists
to track and anticipate certain extreme events such as
floods (Pakistan, Australia, the USA), to assess risks
such as Cyclone Yasi in January 2011, or to monitor
droughts promptly and with great precision, such as
the ones that affected Europe in the Spring of 2011 or
the USA the following Summer.

79

Earth Sciences - Sciences de la Terre
AUTHORS: H. Lawrence (1) - F. Demontoux (2) - J.P. Wigneron (3) - Y. Kerr (1)

Continental Surfaces
L a b o rato r y cont r i b u t i o n

Numerical modeling approach for calculating the rough
surface scattering and emission of a soil layer
Approche numérique de calcul de l’émissivité et du coefficient
bi-statique de structures pédologiques rugueuses
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Abstract
We developed a new 3D numerical modeling approach
for calculating the rough surface scattering and emission
of a soil layer. The approach relies on the use of
the Finite Element Method to solve Maxwell’s equations.
We compared results of rough surface scattering
and emission with results of the Method of Moments
and a good agreement (~3 K) was obtained. The new
approach appears to be a good complementary method
with the advantage that studies can more easily
be extended to 3D heterogeneous media.

There is currently great interest in studies of
rough surface scattering and emission with applications
to both passive and active microwave remote sensing of
the Earth, including satellite missions such as the current
Soil Moisture and Ocean Salinity (SMOS) mission [1].
It is also of interest to extend such studies to include the
scattering and emission of heterogeneous media such as
forests, ice packs, etc. Scattering and emission from these
media involve rough surface effects as well as volume
effects from multi-layers, or permittivity gradients, and/or
inclusions such as buried rocks. Numerical studies would
provide a good approach for studying the scattering or
emission of these media, allowing us to control the many
parameters involved.
Currently, the most widely used numerical method for
studying rough surface scattering and emission is the
Method of Moments (MoM), due to its high accuracy
coupled with implementation of a fast solution method.
This method is particularly well suited to the surface
roughness case.
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Résumé
Nous avons développé une nouvelle approche
de modélisation numérique 3D de calcul du coefficient
bi-statique et de l’émissivité de structures pédologiques
rugueuses. Cette approche est basée sur l’utilisation
de la méthode des éléments finis pour résoudre les
équations de Maxwell. Nous avons comparé les résultats
obtenus avec la méthode des Moments. Les résultats
montrent un bon accord (~3 K). Cette nouvelle
approche a l’avantage de pouvoir étudier des milieux
hétérogènes 3D.

However it is not well suited to studies of heterogeneous
media. Numerical methods that utilize volume meshing,
such as the Finite Element Method (FEM), are well suited
to studies of heterogeneous materials but are not considered as accurate as the Method of Moments for the
rough surface case.
In this study, we developed a numerical modeling
approach for calculating the scattering and emission of a
soil layer using ANSYS’ numerical computation software
HFSS, which in turn is based on the Finite Element Method
(FEM). In the Finite Element Method the computation
region is divided into a mesh of many small regions,
called cells, and then Maxwell’s equations are solved in
each cell. Once a solution has been found the mesh is
refined many times and a new solution obtained. With
each refinement (iteration) the change in the calculated
energy value, ΔE, of each solution is obtained. A final solution is obtained by imposing a convergence criterion on
ΔE. Other parameters such as the maximum number of
iterations can also be set.

Results for the scattering case (bistatic scattering) are
presented in Fig. 1. As an example, the bistatic scattering
coefficient is shown at H polarization but very similar
results were achieved at V polarization. Examples of results
for the passive case are presented in Table I. Results show
a good general agreement between the new method and
the Method of Moments, for both the active and passive
case. The differences for the scattering case (active) are
approximately 1 – 3 dB for angles up to and including 40°,
and 2 – 4 dB for angles from 50° to 70°. Agreement for the
passive case is to within 3.2 K in brightness temperatures
for low roughness conditions and 3.6 K for high roughness
conditions, assuming a soil temperature of 290 K.

→ Continental Surfaces

- Firstly, a 3-dimensional layer with a rough surface was
introduced into HFSS’s calculation area by the following
procedure. A randomly rough surface was generated in
the form of {x,y,z} points using the ‘R’ statistical software©.
It is also possible to introduce roughness profiles measured experimentally. This rough surface had a given value
of standard deviation of surface heights, σ, and auto
correlation length, L c , as well as a defined autocorrelation function which was either of Gaussian or exponential form. Once the surface was created it was then
transformed into a 3-dimensional layer using C4W’s ‘3D
Shop Model Design’© software before being introduced
into HFSS. In HFSS a dielectric permittivity constant was
applied in all the cells of the soil layer.
- Then we calculated the electric field scattered off this
structure. This was repeated for a number of different
structures, each different but with the same values of σ
and L c .
- Finally we computed values of the bistatic scattering
coefficient, backscattering coefficient and emissivity from
the scattered electric field, averaging the values obtained
over the ensemble of rough surfaces that had the same
values of σ and L c .
The advantage of HFSS as a numerical computation tool
is that it allows us to vary many parameters, including
incident angle and the dielectric permittivity constants,
in one calculation. We evaluated whether improved
simulations can be obtained for FEM using this tool, by
comparing results with MoM presented in [2][3].

We conclude that the new approach provides results of
adequate accuracy for scattering and good accuracy for
emission, making it a good complimentary method for
rough surface scattering and emission.
The advantage of the new approach over MoM is that is
better suited to model the scattering and emission of 3D
heterogeneous media. For example the L-Band emission
of heterogeneous structures with rough surfaces such as
forest layers, and permafrost could be modeled, which
would be useful in the context of passive microwave missions such as the current SMOS mission. Future work will
evaluate this.
[Fig. 1]
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The numerical approach developed comprised
3 main stages:

[Fig. 2]

[Fig. 1]
Bistatic scattering coefficient for the MoM
and the FEM models calculated at 1.4 GHz
for εr = 4+1i and [σ, Lc] = [3.41 cm, 20.5 cm]
with an incident angle of 30°.
[Fig. 2]
Emissivity for the MoM and FEM models, calculated
at 1.4 GHz H and V polarizations for a surface
of σ = 0.4 cm and Lc = 8.4 cm, exponential autocorrelation
function, and permittivity of εr = 15.57 + 3.71i.
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An improved algorithm for disaggregating microwave-derived
soil moisture based on optical data
Améliorations d’un algorithme de désagrégation de l’humidité
de surface basé sur les données optiques
(1)
(2)

CESBIO, 18 avenue Edouard Belin, 31401 Toulouse, France.
Monach University, Faculty of Engineering, Clayton campus, VIC 3800, Australia.

Sciences de la Terre -Earth Sciences

Abstract
To improve the spatial resolution of 40 km
resolution passive microwave-derived soil moisture,
a methodology based on 1 km resolution optical data has
been implemented at 4 km resolution. Different algorithms
are built from 3 fractional vegetation cover formulations,
3 soil evaporative efficiency models, and 4 downscaling
relationships. Among the 36 disaggregation algorithms,
one is identified as being more robust than the others
with an error estimated as 0.012 m3/m3.

Une méthodologie de désagrégation de l’humidité
inversée des micro-ondes passives à 40 km
de résolution est implémentée à 4 km avec les données
optiques à 1 km de résolution. Différents algorithmes
sont développés à partir de 3 formulations de la couverture
végétale, 3 modèles d’efficacité évaporative du sol
et 4 relations de changement d’échelle. Parmi les 36
algorithmes de désagrégation, un est identifié comme
étant plus robuste que les autres avec une erreur
estimée à 0,012 m3/m3.

Soil moisture remote sensing methods could help improve
the representation of hydrological processes and their
prediction at the watershed scale. However, the resolution at which current and near-future remotely sensed
soil moisture data are available is in general not compatible with the high spatial variability of landscape properties. In particular, the mean spatial resolution of the SMOS
(Soil Moisture and Ocean Salinity) mission launched in
November 2009 is 40 km. Nevertheless, disaggregating
remotely sensed soil moisture is one way to solve the
mismatch of scales between spaceborne observations
and model requirements. The challenge then lies in
implementing such disaggregation approaches due to
nonlinearity issues. Accounting for nonlinearities is critical because the sub-pixel variability of surface properties
is generally high (this is actually the rationale for applying
a disaggregation procedure).

radiometer) surface temperature into its soil and vegetation components as in the triangle or trapezoidal method
[1] [2]. MODIS-derived soil temperature is then used
to estimate soil evaporative efficiency, which is known to
be relatively constant during the day on clear sky conditions. MODIS-derived soil evaporative efficiency is finally
used as a proxy for surface (0–5 cm) soil moisture variability within the SMOS pixel. The link between surface soil
moisture and soil evaporative efficiency at different scales
is ensured by a downscaling relationship and a soil evaporative efficiency model.
This study aims to develop a robust disaggregation algorithm, which better represents nonlinearities between
microwave-derived soil moisture and the soil evaporative
efficiency derived from red, near-infrared and thermalinfrared data. Consequently, the methodology of [1] is
tested using three different formulations of fractional
vegetation cover, three different models of soil evaporative
efficiency, and four different downscaling relationships.
The near-surface soil moisture retrieved at 1 km
resolution from the Polarimetric L-band Multibeam
Radiometer (PLMR) data collected during the National

The disaggregation method in Merlin [1] decouples
the soil evaporation from the 0–5 cm soil layer and the
vegetation transpiration from the root-zone soil layer by
separating MODIS (Moderate resolution Imaging Spectro-
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[Fig. 1]

Different downscaling relationships are notably developed to assess the impact on disaggregation results of
nonlinearities between soil evaporative efficiency, soil
moisture and a model parameter. Fig. 1 plots MODISdisaggregated versus PLMR-derived soil moisture for
9 November data, and for each of the six cases D1=D1’
(first-order and uniform parameter), D2=D2’ (secondorder and uniform parameter), D1 (first-order genuine
derivative and space-varying parameter), D2 (secondorder genuine derivative and space-varying parameter),
D1’ (first-order projective-derivative and space-varying
parameter) and D2’ (second-order projective-derivative
and space-varying parameter). It is observed that D2’ is
the most efficient downscaling relationship. As compared
with the genuine derivative approach D2, the hybrid
derivative-projective approach D2’ reduces random
uncertainties in disaggregated soil moisture. Moreover,
D2’improves the slope between MODIS-disaggregated
and PLMR-derived soil moisture as compared with the
first-order projective-derivative D1’.
As an illustration of final results, Fig. 2 presents a spatial
plot over the NAFE’06 area of (i) the soil moisture disaggregated by D1=D1’ (ii) the soil moisture disaggregated
by D2’ and (iii) PLMR-derived soil moisture. The spatial
variability of 4 km resolution surface soil moisture is better
represented using algorithm D2’. Results indicate that (i)
the soil parameter of the soil evaporative efficiency model
has a strong impact on disaggregated soil moisture, (ii)
the formulation of fractional vegetation cover has a small
impact with the NAFE’06 data set, (iii) disaggregation algorithms are (slightly) more accurate with a cosine-based
soil evaporative efficiency model, but more robust with
an exponential-based model and (iv) the second-order
hybrid derivative-projective approach combined with the
exponential-based model seems to be a good compromise
between accuracy and robustness. The robustness of that
algorithm is assessed by compositing (averaging) the soil
moisture disaggregated using the MODIS data collected
aboard Terra and Aqua. The error on disaggregated soil
moisture is systematically reduced by compositing daily
Terra and Aqua data, and the most robust algorithm is
found to be the most accurate with an error estimated as
0.012 m3/m3.
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Airborne Field Experiment 2006 (NAFE’06) in southeastern Australia is used to both generate ~40 km resolution microwave pixels and verify disaggregation results at
4 km resolution.

[Fig. 2]

[Fig. 1]
MODIS-disaggregated versus PLMR-derived soil moisture
for 9 November Terra and Aqua composited data
and downscaling relationship D1=D1’ (a), D2=D2’ (b),
D1 (c), D2 (d), D1’ (e) and D2’ (f).
[Fig. 2]
Image of the soil moisture disaggregated
using D1=D1’ and D2’ for 9 November Terra and Aqua
composited data, as compared with the image
of PLMR-derived soil moisture.
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