FORESTS OF THE WORLD

FORESTS,
A VITAL HERITAGE
TO BE PROTECTED

How can we protect our forests?
How can we support international efforts to halt deforestation?
Which tools can we develop to sustainably manage forest
resources? Remote sensing research explores these vitally
important questions.

Forests cover more than 4 billion hectares, i.e.
almost a third of the land on this planet. While
only 300 million people live in them, more
than a quarter of the world’s population, i.e.
1.6 billion people, depend on forest resources
to survive. This exceptional environment has
numerous functions which have motivated the
international community to set up the sustainable management of forest resources.
On an economic level, logging provides 3 billion
m3 of wood every year and sustains significant
trade in non-timber forest products: fish, game,
rattan, bamboo, cork, resin, nuts, mushrooms,
spices, essential oils, honey, etc.
Forests also play an important social role: used
on a daily basis for leisure, recreational activities, tourism, education and the conservation of
heritage, all of them provide a special point of
contact between man and nature.

The VEGECLIM, UNESCO-WATCH, FOMO, GRAZEO, HYPERFOREST and ECOSEG projects have been financed by
Stereo II, the Belgian science policy (BELSPO) research programme for Earth observation.
More information: eoedu.belspo.be > teacher’s corner ; eo.belspo.be > Directory > Projects
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Finally, from an environmental point of view,
forest ecosystems lie at the heart of fundamental processes. They help purify the air (extraction of dust, production of oxygen by growing
forests), protect and stabilise the soil (protection
against erosion), purify water (three quarters
of accessible fresh water originates from forest
catchment areas), and contribute to hydrological
regulation (prevention of the risk of flooding
thanks to their ability to retain water) and temperature regulation (humidification and cooling
of the ambient atmosphere thanks to evapotranspiration). They also offer fauna and flora
highly diverse habitats, thus providing a home
to 80 % of the world’s biodiversity.
Their crucial impact on climate (de)regulation
has been highlighted since the 1980s. Forest
ecosystems (including biomass, dead wood and
soil) “sequester” more than 650 billion tons of
carbon, i.e. more than all the carbon present in
the atmosphere. Massive deforestation, especially in the great old-growth forests of the tropical
belt (Amazonia, Central Africa, South-East
Asia), release these carbon stocks and contributes to the increase in greenhouse gases in the
atmosphere and, therefore, global warming.

The REDD imitative (Reducing emissions from
deforestation and forest degradation) was set up
in 2008, under the aegis of the United Nations,
in an effort to incite the countries concerned
to protect their tropical forests. Its principle is
to give developing countries that abandon or
reduce deforestation financial compensation to
make up for the loss of income resulting from
this abandonment. The REDD programme was
quickly extended to REDD+ which includes the
sustainable management of forests, as well as
forest carbon stock conservation and growth
measures through reforestation or new plantations.
These initiatives are part of a confirmed desire
at international level to curb deforestation
(approximately 13 million hectares on average
every year, corresponding to twice the surface
area of Ireland), and sustainably preserve all the
benefits provided by our forests.
Earth observation research contributes to these
efforts by allowing the development of the most
effective estimation and monitoring tools, from
a global scale (carbon footprint, vast changes in
cover, productivity, etc.) to the most local level
(extent, composition, structure or health of the
stand).

FORESTS OF THE WORLD

CARBON SINKS OR CARBON SOURCES?
To support greenhouse gas reduction programmes, it is vital to be able to quantify and
forecast the dynamics of the associated vegetation and carbon fluxes. Vegetation is an essential
carbon sink. Through photosynthesis, it assimilates the CO2 present in the atmosphere to
produce organic matter and thus reduce
the concentration in the greenhouse gases
responsible for global warming. But human
intervention is reversing the trend. Forest
degradation and deforestation are the primary
mechanisms responsible for turning the carbon
sinks into carbon sources. It is estimated that
deliberate fires, unsustainable logging and the
conversion of forests into pastures, farmland
and various infrastructures are responsible for
approximately 20 % of global greenhouse gas
emissions, i.e. more than the entire transport
sector.

Networks of “flux towers”
measure the carbon amount
exchanged between an ecosystem (here the Amazon
Forest) and the atmosphere.
By combining these
measurements with other
measurements, it is possible
to continuously follow the
CO2 levels in a forest.

Besides having a decisive effect, these anthropic
disturbances have, until recently, seldom been
taken into account in carbon cycle modelling,
such as the ORCHIDEE model. This global
dynamic model of the continental biosphere
includes biophysical, biogeochemical and
ecological processes. It takes into account the
CO2 and energy fluxes between the soil and the
atmosphere as well as certain hydrological
components, and is employed in the large
climate models used by the GIEC (Intergovernmental Panel on Climate Change) or the REDD
programme. Besides anthropic disturbances,
seasonal and interannual variability in the
carbon fluxes in tropical regions is another
parameter that needs to be accurately defined.

The goal of the VEGECLIM project is to improve
the terrestrial carbon cycle forecast in tropical
regions by dynamically integrating the characteristics of the continental surface into the global
ORCHIDEE model, on the basis of 10 years of
SPOT VEGETATION image time series (type of
vegetation, seasonal and annual evolution, dry,
cut, burnt areas, etc.). The main innovation of
this vast five-year project is the implementation
of a close collaboration between Earth observation researchers and land surface modelling
experts.
Traditionally, existing maps, ground surveys,
climate data or low-resolution (4 kilometres) and
static (at a given moment) satellite data provide the information for the global or regional
models. By integrating the time dimension and
the most precise soil classifications derived from
SPOT VEGETATION (resolution of 1 kilometre)
in the ORCHIDEE model, researchers have
been able to improve the estimation of stocks
and real carbon fluxes in the Amazon and
Congo basins.
In particular, they tested the model with the
deforestation simulation results in the Democratic Republic of Congo (DRC), in order to
establish forecasts of the evolution in stocks and
carbon fluxes until 2035, according to different
climate scenarios. Based on the advances of the
VEGECLIM project, it should be possible to
determine whether the DRC’s terrestrial carbon
budget will remain negative or become positive,
thus changing the DRC from a carbon sink to a
carbon source.
Relatively preserved up until now, Central Africa’s old-growth forest, the second largest tropical
forest after the Amazon forest, is increasingly
being threatened by degradation and deforestation, mainly owing to industrial exploitation.
The results obtained will therefore help to define
the most relevant policies to adopt within the
framework of the REDD+ mechanisms or other
strategies to mitigate climate change factors.
The study could also extend to the whole of the
Congo basin thanks to the optimised modelling
of changes in land cover.
Besides these results, two global products have
been made available to the scientific community: a multiannual map of land cover and a
reference database on the phenology of foliage.
Furthermore, a global map of the world’s forests
was created and used as a linchpin for a public
exhibition aimed at drawing attention to the
importance and the vulnerability of our forests.
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False colour composite of the Amazon
and Congo basins based on daily SPOT
VEGETATION images. In the Congo Basin,
the map shows woody biomass (trunks,
branches, leaves ...) in Mg C/ha, as estimated
by the ORCHIDEE model.
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Imaging the World’s Forests exhibition

Copyright Ricardo Funari/BrazilPhotos.com

In support of the International Year of Forests 2011, the Federal Science Policy, VITO
(Vlaamse Instelling voor Technologisch Onderzoek) and the Université Catholique de
Louvain joined forces to set up the travelling exhibition Imaging the World’s Forests. Its
objective is to demonstrate to the general public the usefulness of Earth observation by satellite to manage and protect the world’s forests. A series of remarkable satellite images highlight some of today’s major stakes: deforestation and reforestation,
savannah and forest fires, threatened mangroves, etc. A global map of the world’s forests,
classified into seven main types, has also been produced on the basis of SPOT VEGETATION
images collected over 10 years (2000-2010). The exhibition was shown around Louvain,
Brussels, Mons, Charleroi and in regional environment initiation centres in the Walloon
Region, and can still be viewed at the Euro Space Center in Transinne, and online on the
eoedu.belspo.be/forests website.
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HELPING UNESCO MONITOR
THE TROPICAL FORESTS
The tropical forests have an invaluable natural
and cultural value. Besides their essential role in
regulating the climate and the water cycle, they
are an unparalleled reservoir of biodiversity. The
tropical rain forests alone are home to more
than half our planet’s animal and plant species. In order to protect this exceptional wealth,
UNESCO has already classified more than 80
sites, composed mainly of tropical rain forests,
as world heritage.
While the World Heritage Committee decides on
the classification of a site, it must also examine
the state of conservation, in order to be able
to take measures when the site is threatened.
However, the annual assessment of the different
sites’ state of conservation is a difficult task
owing to their vast surface areas and inaccessibility. For instance, only 18 % of the sites inscribed
on the World Heritage List were assessed during
the Committee’s session in 2013.

The tropical rainforests
of Sumatra in Indonesia are
part of the forest heritage
sites in danger. This SPOT
image clearly shows how
deforestation, already important in the buffer zone, is
starting to nibble at the
borders of the site.

To manage and thus protect this precious heritage as good as possible, UNESCO needs semiautomatic tools to detect changes. Consequently,
the challenge of the UNESCO-WATCH
project is to develop an operational method
based on satellite imagery to assess, at regular
intervals, the state of conservation of the tropical
rain forests classified as world heritage.
In order to observe the external pressures
exerted on these sites, a 20 kilometre buffer
zone was established around the perimeter of
the protected site. By monitoring this buffer
zone, it is also possible to determine the impact
of the protection measures in the areas directly
surrounding the site in question.

The researchers selected 15 test sites with
different types of vegetation (from mangroves
to mountain forests), expanse (from 150,000 to
more than 5 million hectares) and geographic
location (spread across the entire tropical belt).
In total, the surface area of the sites analysed
corresponds to approximately five times that of
Belgium.
The chosen sites share an exceptional biodiversity, some home to emblematic species such as
the giant panda in Sichuan (China), the jaguar
in Calakmul (Mexico) or the gorilla in Virunga
National Park (DRC).
The study analysed a great number of Landsat
images (resolution of 30 metres) and SPOT
HR images (10 metres) covering three periods:
1990, 2000 and 2010. The originality of the
image processing consists of grouping together
neighbouring pixels with similar characteristics,
known as objects. These objects have an average
surface area of one hectare. The objects are used
to detect changes allowing the visualisation of
variations per entity and not per pixel. Using this
approach, it is possible to take into account the
context surrounding each pixel and contribute to
a better characterisation of the change’s dynamics.
As regards prototypes, maps of 12 of the selected
sites were created in the form of interactive pdf
files, in order to facilitate their use by UNESCO
and local managers. These maps allow users
to visualise changes in plant cover within
the protected area, whether they are negative
(deforestation, degradation) or positive (reforestation, regeneration), as well as identify potential
threats that may appear along the borders (clearing, deforestation, expansion of farmland, etc.).
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Example of a clickable pdf
file delivered to managers
of heritage sites. For the
site of Mount Kenya, the
deforested areas are marked
in red, reforestation areas in
green, the perimeter of the
heritage site in dark brown
and the buffer zone (5 km)
in light brown.

REVERSING THE MOVEMENT:

REFORESTATION

Of crucial importance to all life forms, humans
see forests as a seemingly inexhaustible source
of ecosystem goods and services. While the
global demand in food is accelerating the conversion of forests into farmland, in some parts of
the world, however, forest cover is expanding.
“Forest transition” describes the transition from
deforestation to reforestation. Many industrialised countries have already tried out this
transition, while in the majority of developing
countries, it is only just beginning or has yet to
happen.
The aim of the FOMO project is to assess the
dynamics of these forest transitions, as well as
their impact on ecosystem services. The study
particularly relates to mountainous regions
because farmland is most often abandoned and
forests allowed to regenerate on marginal land
that is unproductive and/or difficult to access.
In order to make a comparative analysis, three
sites were chosen in very different geographic
contexts: the Carpathian Mountains in Eastern
Europe, the Northern Andes in Ecuador and a
valley in Bhutan in the Himalayas.

To develop tools to monitor changes in forest
cover in mountainous regions, satellite imagery
is the preferred source of information. It provides detailed, reliable, up-to-date and cost-effective data on relatively inaccessible areas. The five
years of research led to important methodological advances:
• atmospheric and topographic correction
techniques (shadow effects) were optimised for
mountainous terrains. The steep, hilly landscape
interferes with the images’ “readability”;
• an automatic large-scale forest cover mapping
process was developed based on an assembly of
Landsat images (resolution of 30 metres);
• innovative methods were developed to detect
changes in forest cover over short or long
periods.
Based on very high resolution WorldView-2
images, these methods are sufficiently precise to
allow tree species to be identified. For instance,
in Ecuador, researchers were able to determine
the presence of pine or eucalyptus copses, exotic
species that were introduced to the detriment
of the páramo, the natural ecosystem at this
altitude. This reforestation is supported by the
government to encourage wood production and
take part in carbon sequestration efforts within
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Forest map of the Carpathian
mountain chain made from
a mosaic of Landsat images.
The insets show details of
forests disturbance between
1985 and 2010 (in green are
the stable areas, other colours
correspond to different
periods of disturbances).

the framework of programmes to combat global
warming. These benefits are nevertheless counterbalanced by a series of negative effects such as
the decline in biodiversity and a reduction in the
capacity to store water. This leads to a disruption
in water flow control and a potential threat to the
stability of the slopes after the harvests.
On the one hand, the FOMO project has
revealed the links that exist between changes
In the Ecuadorian Andes
deforestation is clearly visible
in the middle of this picture.
A little higher we also see
patches of pine and eucalyptus, exotic trees planted
at the expense of the natural
ecosystem.

in forest cover and the provision of ecosystem
services and, on the other hand, it has produced
detection and quantification tools for these links.
These results are a significant help to decisionmakers and managers of forest ecosystems,
whether at local, regional, national or global level.
They can indeed help them to adopt land-use
strategies more adapted to a sustainable management of the resources supplied by the forests.
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What is a forest?
According to the definition of the United Nation’s Food and Agriculture Organisation (FAO),
a forest is “a land area of more than 0.5 hectares with a tree canopy cover of more than 10
%. The trees should be capable of reaching a height of 5 metres at maturity”. As for primary
forests, they are “naturally regenerated forests of native species, where there are no clearly visible indications of human activities and the ecological processes are not significantly
disturbed”.
As for the Ministerial Conference on the Protection of Forests in Europe, held in Helsinki in
1993, it defines the sustainable management of forests as “the stewardship and use of forest
lands in a way, and at a rate, that maintains their biodiversity, productivity, regeneration capacity, vitality and their potential to fulfil, now and in the future, relevant ecological, economic
and social functions, at local, national, and global levels, and that does not cause damage to
other ecosystems”.

THE SAVANNAH,
A SPECIAL TYPE OF FOREST
Dotted with low-growth vegetation comprised
of trees and shrubs, the savannah is a particular
type of forest that requires specific monitoring
tools. The GRAZEO project focused on Kruger
National Park in South Africa, where the savannah covers more than two million hectares. The
project’s emphasis is on the structure, composition and quality of the natural vegetation, key
factors of the habitat and behaviour of the large
local herbivores.
The main objective of GRAZEO is to improve
the models developed by the EPISTIS project to
estimate the risk of the transmission of footand-mouth disease between the wild buffalo
enclosed in the wildlife reserve and the livestock
outside it. The abundance and the quality of the
fodder are the determining parameters for the
distribution of livestock and buffalos in the

savannah’s pastures. Their assessment, coupled
with the risk of the destruction of the enclosures,
allows the risk of contact between these two
populations to be better defined.
Subsequently, GRAZEO explored the potential
of WorldView-2 data to map tree species (solitary
or in a copse), grassland, herbaceous biomass, as
well as the nitrogen concentration, all indicators
of the fodder’s availability and quality.
These indicators are entered into adapted
models and various scenarios are tested in order
to determine their contribution to the estimation
of the risks of contact. By making use of the
WorldView-2 sensor, researchers were able to
develop new methods to produce detailed
regional maps – generally unavailable up until
now – for savannah environments. Thanks to
the very high spatial resolution of the images
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(50 centimetres), it is possible to deal with the
savannah’s significant spatial variability (alternation between prairie grasslands and clumps
of trees); at the same time, they are also compatible with the distances covered by the animals.
The sensor also offers a specific spectral diversity: in addition to the usual spectral bands of
what is visible and the near infrared, four extra
channels are available, including yellow and rededge, thus allowing users to better discriminate
between trees and grass.
The principle aim of GRAZEO’s results is to
prevent the spread of foot-and-mouth disease
around Kruger National Park. The objective is
to provide park managers with the necessary
information to adapt the fight against this highly

The difference in vegetation
cover inside and outside the
Kruger Park is clearly visible
on this image. Within the park
(left), managers maintain
a savannah-like vegetation,
while on the other side of the
barrier, natural vegetation is
intact.

contagious disease, by primarily allowing them
to locate priority areas of intervention (vaccination, reinforcement of enclosures, etc.). But the
results’ reach extends beyond this case study.
The methodology and products developed can be
used to monitor changes on a regional level in
all of the savannah’s ecosystems. They should
help to better understand the impact on these
special ecosystems of local environmental
factors (soil use, livestock density and other
animal populations, bush fires) or global ones
(climate evolution).
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STANDS IN 3D
It is impossible to imagine the sustainable
management of a forest without monitoring
its general condition. Forest managers must
have reliable and regularly updated data on
important parameters such as the diversity of
the stands, the species therein and the vitality of
the trees. Once lengthy and fastidious, the task
of gathering data in the field is now increasingly
supported by different types of airborne remote
sensing instruments. For instance, hyperspectral
imagery is useful to identify tree species and
assess the foliage’s state of health. However, its
observations only relate to the upper part of the
forest, i.e. the canopy. LiDAR, an active sensor
that emits a laser beam, provides 3D information on the structure of the forest (height of the
trees, presence of understories) and its density.
The HYPERFOREST project’s objective was
to determine whether the three-dimensional
information provided by LiDAR could enrich
the processing of hyperspectral images in such
a way as to provide forest managers with more
reliable and more detailed information.
The researchers selected three forest sites located in Flanders with a structure increasing in
complexity: the entire Kersselaerspleyn reserve
in the Sonian Forest, which has a homogeneous
stand of beeches; Wijnendale Forest, one of the
biggest forest areas in West Flanders, where the
dominant species, oak, grows alongside maple,
beech, hazel, larch, etc.; and Aelmoeseneiebos,
the University of Ghent’s experimental forest
with mixed species (oak, beech, ash, larch, etc.)
and a lush undergrowth.

Conducted over a five-year period, the project
delivered concrete, widely documented and
published results:
• improvement in the geometric correction of
the hyperspectral images. The height of a tree
causes its position on a hyperspectral image to
move. Thanks to LiDAR, this vertical component
can be taken into account and the position of the
crown can be determined more precisely;
• supplementary information provided by
LiDAR has also helped to improve the classification of tree species and determine more
precisely the level of crown closure, which is an
important indicator of the forest’s state;
• LiDAR data was also shown to contribute in
other ways. It particularly helps to determine
whether part of the crown is exposed to the sun
or not, since it is more difficult to identify the
species in this case. It also helps to better define
the tree crowns.
To fine tune the results still further, the
HYPERFOREST project used two other sources
of information at the same time as the airborne
data. On the one hand, a LiDAR sensor placed
on the ground, which helps to generate a clearer
picture of the lower strata of the forest. On
the other hand, a complex model called DART
which links the recorded hyperspectral signal
with the biophysical and biochemical properties
of the vegetation, since the latter have a direct
influence on the trees’ state of health.
Through the intermediary of the Instituut voor
Natuur- en Bosonderzoek (INBO), one of the project’s partners, forest managers were involved in
all stages of the study. Not only did they collect
reference data in the field, they also assured of
the research’s relevance for end users. The types
of products and applications to be developed
were continuously discussed and adapted to
real needs (for instance, the mapping of species
and the level of crown closure). The final results
were presented at a workshop held especially for
users.
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The Wijnendale Forest seen by the hyperspectral
APEX sensor in false colours (previous page) and
real colours. The false colour image is made up
of three specific wavelengths in the near-infrared,
red and blue. Vegetation looks red; the different
shades of red indicate different stages of
development or different species.

Mapping the dynamics
Several studies have already explored the use of satellite image time series
to monitor the vegetation’s evolution. The majority of traditional techniques
compare the spectral responses of a given set of pixels over a given period,
for instance, every month over 10 years. But, in general, these approaches
don’t take into account either the spatial context (the value of the pixels or
groups of neighbouring pixels), or the time context (the values of the same
pixels at different periods). Furthermore, these procedures are rarely based
on a hierarchical classification, i.e. one that groups together the data, from
level to level, in similar segments. Hence, they don’t succeed in showing the
complex spatial-temporal mechanisms at work in nature, where the majority
of ecological processes are spatially linked and organised hierarchically.
Consequently, the objective of the ECOSEG project was to develop an
optimised method of classification which includes temporal information in
the image’s hierarchical segmentation. In an innovative manner, the project
attempted to integrate the context of a pixel from the point of view of all its
components (spectral, spatial and temporal) in order to be able to determine
its classification at a lower hierarchical level.
Forests provide the ideal environment to validate such a method, owing to
the complexity of their responses, on a spatial and temporal level, in relation
to stress factors (for instance, insects and other pathogens, drought, fire).
Time series of several biophysical parameters were therefore used as the key
indicators of the forests’ health. By the end of the project, the researchers
had developed a methodology and an algorithm that should allow users to
more precisely determine the dynamics of forest ecosystems and thus better
understand how they function.

