BIODIVERSITY UNDER THREAT

BIODIVERSITY,
A WEALTH
TO BE PRESERVED
In an attempt to curb the decline of biodiversity, a new approach is being implemented.
Multidisciplinary, large-scale and integrated, it aims to observe ecosystems in a global manner,
in all their complexity. Serving this so-called ecosystemic approach, remote sensing
is proving to be an excellent tool.
Biodiversity is continuing to lose ground, threatened by global warming and anthropic activities.
The International Union for Conservation of
Nature has announced alarming figures: nearly
30 % of the species listed are threatened with
extinction. In the hope of stemming the phenomenon, conservation efforts must increase
and become more efficient. With the Pan-American ecological network, the Australian climate
corridor, the Alpine Convention, the French
green infrastructure and the European Natura
2000 network, etc., wide-scale projects are on
the increase.
As regards these major projects and more local
initiatives, the global approach is now being
given priority; the ecosystem is being considered
in its entirety. From this point of view, satellite
images have a role to play. Indeed, they have a
number of important advantages concerning the
monitoring of biodiversity: obtained through a
non-invasive technique, they allow large areas
to be observed at increasingly sharp resolutions.
Furthermore, the repetitiveness of the shots
allows researchers to have a range of information throughout the year and the seasons.
One particular method of acquisition, hyperspectral imaging, is the natural choice for the study

The HABISTAT, RE-LEARN, ESSENSE, HEATHRECOVER, VEGEMIX and REMEDY projects have been financed by Stereo II,
the Belgian science policy (BELSPO) research programme for Earth observation.
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Hyperspectral true-color image of the site Kalmthoutse Heide
acquired in June 2007 and the habitat map obtained by the
HABISTAT method.
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of biodiversity. A true technological revolution,
it offers researchers much more precise and
extensive data than traditional multispectral imaging. This means scientists have an incredible
mass of information available to them, but this
also presents a real challenge when it comes to
processing and storing it.
After many methodological explorations and
the development of procedures to process and
analyse hyperspectral images, researchers are
now using them for applied studies. Belgian
teams are providing us with concrete results in
the field of biodiversity.

AN ASSESSMENT EVERY SIX YEARS
In Europe, protecting biodiversity has become
a priority. In order to define a framework for
joint action, the Natura 2000 network was
established in 1992. Every country draws up a
list of sites of interest and promises to continuously monitor their state of conservation.
Every six years, the European Commission must
be given an assessment report. This commitment involves a considerable amount of work in
terms of collecting field data; it is both costly and
fastidious. In an attempt to be more efficient,
control bodies should ideally be able to rely on
practical and reliable tools, such as detailed and
recent maps, quality indicators of the identified
habitats, or models linking types of precise
habitat to areas of vegetation. The 18 Belgian
and Dutch researchers of the HABISTAT project
worked on the subject for more than four and a
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half years. Their objective: to develop a method
allowing them to obtain a detailed map of the
habitats and indicators of their quality, thanks to
hyperspectral data.

MAPPED HABITATS
The project focused on three sites in the Natura
2000 network featuring a heathland ecosystem:
Kalmthoutse Heide in the north of Antwerp,
Ginkelse and Eder Heide in the Netherlands.
The researchers’ first challenge was to carefully
classify the habitats present in this ecosystem.
They are very diverse but their structure is only
determined by a limited number of abundant
plant species. Besides several exceptions, there
is no one-to-one relationship between a species
and a type of habitat, thus preventing any direct
classification. The innovative approach therefore
involved first mapping the dominant species at
a highly detailed level, then rearranging them
into habitats, taking into account their spatial
distribution. The researchers were thus able to
go from six broad categories of habitat (heath,
grassy surface, dune, etc.) to 27 far more specific
subcategories, which is far more useful for the
management of the sites.
The method was successfully tested on the three
sites studied. For Kalmthoutse Heide, the managers of the nature reserve had access to maps
of unequalled precision. The resolution of the
maps reached 2.5 m (one pixel on the map corresponds to 2.5 m2 in the field), i.e., much better
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Natura 2000, a large-scale project
The objective of the European Natura 2000 network is to identify, monitor and protect natural and semi-natural sites with a regional or community interest, owing to the exceptional character of the fauna and/or flora there. These sites, whether inland, on the coast or
at sea, require increased protection and a special type of management. The stakeholders in
the network are both numerous and varied: researchers, public services, farmers, citizens,
etc. The Natura 2000 network is the very expression of the desire to adopt a more global
approach regarding the protection of biodiversity. The animal and plant population have
no borders. Extended knowledge of their needs is more than ever necessary to accelerate
conservation and restoration efforts.

than the results obtained by traditional methods.
Thanks to this, they were able to visually assess
the effects of measures such as reaping, grazing,
or mowing on the conservation of the ecosystem.
They were also able to define zones where it
was necessary to intervene to prevent damage
to the site. Followed by many publications and
two international workshops, the project raised
a great deal of interest. The methodology can
therefore be put to the test and applied to several
other European sites.

AN ALTERNATIVE TO FIELD COLLECTION
Continuing on from the HABISTAT project,
and keeping the Natura 2000 obligatory
reporting in perspective, the RE-LEARN
project has endeavoured to find out how to
keep fieldwork to a strict minimum. One of
the solutions put forward is to reuse existing
reference data. Researchers are therefore working on the development of a tool that doesn’t
require an input of new reference data to map
the vegetation. Two types of existing data can
be used: either data collected in the past at
the actual site, or data collected at a different
site, but with similar vegetation. For instance,

the technique has made it possible to classify a hyperspectral image that is normally
unusable because it is largely covered by the
shadow of a cloud.
One of the main advantages of this approach
is the possibility of mapping regions that
are difficult to get to, by combining satellite images and reference data collected at
sites with similar ecosystems. The precious
tool should be very useful for organisations
responsible for monitoring the Natura 2000
network, but also the entire scientific community using remote sensing.

ECOSYSTEM SERVICES
UNDER SURVEILLANCE
Since its appearance in the 1970s, the concept
of an ecosystem service has established itself
in the scientific and political arena. It works
in perfect harmony with the holistic (or
globalist) orientation adopted in the area of
protecting biodiversity. In order to best protect
the countless services rendered to man by
ecosystems, the ideal solution would be to
map them. The Belgian and Basque researchers of the ESSENSE project have developed
an innovative approach that can specify the
location, the area and the structure of the ecosystem services, using hyperspectral data.
Up until now, the mapping of these services
was derived from land use and the emphasis
was mainly on production services, such as the
production of wood or farming yield. Here, researchers are interested in regulating and supporting services such as denitrification, the
phosphorous cycle or carbon storage. Their
study focused on two nature reserves in the
Kempen: De Vennen in the basin of the Grote
Nete and De Liereman around Turnhout.
To establish a link between the hyperspectral
image and the service rendered by the ecosystem, the researchers made two premises. The
first one is that the good working order of an
ecosystem depends directly on the number of
species in it; the greater the biodiversity, the
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Aerial photo and map of burned
areas of the reserve Kalmthoutse
Heide, after the devastating fire in
May 2011.

AFTER THE FIRE
higher the service rendered. The second premise establishes a link between biodiversity
and the spectral signal visible on the images;
the richer the biodiversity, the more heterogeneous the spectral signal. The researchers
therefore correlated the ecosystem service and
the spectral signal, through the intermediary
of biodiversity. The Belgian-Basque project
should provide new possibilities for conservation efforts.

In April 2011, a huge fire devastated the Hautes
Fagnes. The flames ravaged more than
1300 hectares of vegetation, i.e. nearly a third of
the surface area classified as a nature reserve.
A month later, the Belgian/Dutch Kalmthoutse
Heide reserve was hit, and 600 hectares went up
in smoke. These catastrophes revealed the lack
of existing information on (dry or wet) heath and
peat bog ecosystems. Within the framework of
the HEATHRECOVER project, Belgian and

What is an ecosystem service?
An ecosystem service or ecological service is a service provided to us by an ecosystem. When
an ecosystem is in a good ecological state and functions properly, it renders services to our
human societies: maintaining air quality, purifying water (through denitrification, capturing
nitrogen or phosphorous), trapping carbon, etc. As a result, the ecosystem has an economic
value because its disappearance would lead to costs. A value that is difficult to quantify but
that is the subject of much research. In 2005, the publication of the Millennium Ecosystem
Assessment allowed the concept to leave the laboratory and establish itself on the political
scene. The text aroused global interest in this notion, by illustrating the vital importance of
these services in relation to man’s well-being. The ecosystem services, often linked to extensive biodiversity, are threatened by our activities. The general aim is to better preserve them,
which entails the identification of key areas, i.e. hotspots, that provide a high level of service.
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Dutch researchers and the American space
agency (NASA) worked to overcome this gap in
the system, and help the managers of such sites
to restore the ecological balance in the damaged
areas. Aid that is all the more critical since these
vulnerable ecosystems are the subject of major
conservation efforts.
Hyperspectral imaging has enabled us to better
understand the complex interactions that exist
between these ecosystems and fires. The team
reached an interesting initial conclusion: to
precisely assess the severity of a fire in the
ecosystem of a heath, it is necessary to take into
account the vegetation before the fire.

The estimation of the extent of the damage is
more complex than for a “classic” forest, where
a simple index is generally sufficient. The highly
detailed maps obtained by the researchers have
allowed the people in charge of restoration to
have a more precise assessment of the areas
affected and the ecological losses just after the
fire. The Instituut voor Natuur- en Bosonderzoek
(INBO) will continue this research in the mid
and long term. By combining the maps obtained
with the pre- and post-fire vegetation maps, the
managers will be able to determine what types of
management are the most efficient to restore the
ecosystem.

To distinguish between invasive
species and native species, the
VEGEMIX project has developed
a strategy of “unmixing” the
overall and multitemporal signal.
The best time and best spectral
characteristics are determined to
maximize the separability between
species.

Hyperspectral imaging: technology takes off
A given plant has a unique spectral profile: its colour, its The technology is therefore valuable for a wide range of
structure, its exposure determining the way it reflects the applications faced with the variety and complexity
different parts of sunlight. The more the spectral infor- of the environments studied. In the field of biodiversity
mation obtained for a given object is detailed, the easier its monitoring, hyperspectral imaging is therefore the natural
identification will be. The hyperspectral sensors, carried choice; plant cover, the vegetation’s state of health, soil
by planes or satellites, record the radiation reflected by composition, humidity level, eutrophication of surface water,
objects in hundreds of narrow, adjacent spectral bands sediment concentrations, etc., are all examples of parameters
that cover a very large window ranging from the visible to that can be studied with precision thanks to this method.
thermal infrared. Compared with multispectral data recorded The combination of these parameters allows researchers
in only three to ten bands, the quantitative and qualita- to obtain a more complete view of the biological, physical
tive leap is considerable regarding the spectral information and chemical processes that interact and determine the
obtained from the surfaces observed. Researchers can state of a site at a given moment..
determine physical and biochemical variables.
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ALWAYS HIGHER...
FROM PLANE TO SATELLITE
After the hyperspectral revolution, some
scientists embarked upon a new route and went
from airborne to satellite hyperspectral imaging
systems. Compared with an airborne imaging
system, satellite sensors allow larger areas to be
covered, on the one hand, and on the other, data
with a bigger frequency to be provided, and at a
lower cost. Within this framework, studies have
revealed the advantages of the Hyperion sensor,
taken on board the NASA EO-1 satellite.
The VEGEMIX project explored how Hyperion
data can help to map invasive tree species in
Hawaï’s tropical forest in order to be able to
estimate their evolution and their impact on the
tropical ecosystem. Since seasonal variation is a
major parameter for the identification of these
invasive species, the satellite option is clearly of
interest, since the satellite passes over the same
site several times during the growth period,
when the tree canopy undergoes rapid changes.

The project was able to show that native species
have unique spectral properties, different to
those of invasive species. Moreover, it was easier
to make the distinction between native and invasive species in summer than in winter. A simple
explanation based on the fact that invasive,
opportunistic species make the most of the hot
season to greatly extend their canopy. By consolidating the spectral data obtained at different
times in the summer, when the invasive species
spread out, the difference between species can
be seen more clearly, thus improving the precision of the classifications.
The results obtained were examined in depth
and corroborated by the REMEDY spin-off project. The arguments put forward by these studies
in favour of using satellites, suggest that they
will be used in the future to monitor the flora.
After the dramatic changes brought about by
airborne hyperspectral imaging, new horizons
are opening up to researchers

Rainforest on the slopes of Kïlauea in the Volcanoes National Park in Hawaï. On the left the native species, Metrosideros polymorpha (endemic shrub of the archipelago) and Acacia koa. On the right the invasive species Psidium cattleianum and Myrica faya.

