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HOW IMAGES
CAN HELP
IN DISASTERS
The Nyiragongo volcano is a permanent threat to the city of Goma,
barely 15 km away. The 2002 eruption destroyed 10 % of the city.

Satellite images are useful before, during and after a natural or anthropic accidents:
they can help to create a risk model, rapidly provide information to manage the crisis and assess
the damage, and support rebuilding.
The increase in the frequency and, above all, the
incidence of natural disasters has become a major problem. There is indeed a distinct increase
in the number of disasters linked to meteorological (storms, cyclones, etc.), hydrological (floods,
landslides, avalanches, etc.) and climatic (heat
waves and extreme cold, drought, forest fires,
etc.) events. Compared with roughly a hundred
events recorded in 1980, there were more than
twice as many in 2013. If we add geophysical
events, such as earthquakes and volcanic
eruptions, 210 million people on average are
affected by natural disasters every year. Thanks
to improved alert systems and more efficient
mobilisation, these disasters cause fewer and
fewer deaths, even if the population density is
increasing, especially in vulnerable areas, such
as coastal zones. In these increasingly built-up
and inhabited areas, the disasters not only strike
people but also their means of subsistence, their
infrastructures and their environment. Indeed, a
major increase has been observed in economic
losses linked to natural or human disasters
(oil slicks, technological accidents, etc.).
In 2013, they were estimated at no less than
USD 130 billion.

The GORISK, Vi-X, HYDRASENS, FLOODMOIST, RIMS and SPRINT 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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TWO VOLCANOES UNDER CLOSE WATCH
Satellite images are irreplaceable when it comes
to monitoring these disasters. Their precision,
recurrence and the extent of the areas covered
make them decisive tools in helping to manage
crises. Sometimes, they are the only sources of
information available in the devastated areas. It
were these unquestionable advantages that in
fact led to the creation of the International Charter on Space and Major Disasters. Agencies and
space organisations worldwide have signed the
Charter. They promise to provide the necessary
information as a matter of urgency to the authorities in charge of managing a disaster (see box).
While satellite resources are essential for emergency situations, they are also highly valuable
before and after crises. Different research projects have studied how to improve each of the
disaster management stages thanks to remote
sensing:
- reducing the risk by identifying vulnerable
points;
- creating a more accurate forecast by fine-tuning
the forecasting models and the alert processes;
- organising aid and more efficient rebuilding
systems that rely on precise and immediate
information.

In the east of the Democratic Republic of Congo,
Goma, the capital of North Kivu, is situated at
an altitude of 1,500 metres, between the north
bank of Lake Kivu and the volcano Mount
Nyiragongo. The population of this town on the
Rwandan border has doubled in less than five
years and now has almost one million inhabitants, many of whom are confined to refugee
camps. The menacing Mount Nyiragongo and
its permanent lava lake dominate the town. The
volcano has been highly and continuously active
since the last eruption on 17 January 2002. At
the time, lava covered a tenth of the town in the
space of just a few hours. Known as the biggest
producer of sulphur dioxide in the world, its
continuous gas plume escaping from the main
crater releases up to 50,000 tons of SO2 a day,
causing pollution and major health problems
in the region. Situated 15 kilometres north-east
of Nyiragongo, Nyamulagira erupts every two
to four years. Every time this happens, its lava
flow sweeps through the Virunga National Park
that extends below. It devastates hundreds of
hectares of forest, crops, and sometimes whole
villages. This threat adds to the high level of
political instability and the many humanitarian
crises the region has suffered for decades.

CALCULATED RISKS

GPS station in the village
of Kibumba, with left the
Nyiragongo (stratovolcano)
and right in the background
the Nyamulagira (shield
volcano).

The multidisciplinary GORISK project, initiated
by the Royal Museum of Central Africa and the
Natural History Museum of Luxembourg, aims
to develop new tools and specific services for the
study and surveillance of these two volcanoes.
The research should allow three local users
(the Goma Volcanological Observatory, the
United Nations Operations Agency – UNOPS –
and CEMUBAC, a Belgian NGO specialising in
healthcare in the Democratic Republic of Congo)
to improve the surveillance of Nyiragongo and
Nyamulagira, to manage the risks more effectively in the region of Goma, and to assess the
impact of volcanic activity on the health of the
population. In order to complete the existing
surveillance systems, the project has focused
on the contribution of ground-based and space
technologies to detect ground deformations, the
study of volcanic degassing and the production
of useful maps to manage the risks.

GROUND STATIONS
AND RADAR INTERFEROMETRY
The project’s cornerstone is interferometric
synthetic aperture radar (or InSAR). Thanks
to this recent remote sensing technique, it is
possible to observe ground deformations linked
to volcanic activity, for instance, based on series
of 100 km x 100 km images with a subcentimetric resolution. Coupled with a permanent
local network of GPS stations and inclinometers,
InSAR opens the way for the study of the geo-

dynamic processes that govern eruptive mechanisms. A better understanding of volcanic activity means an improvement in the assessment
and management of the associated risks. Thanks
to the project and support from the European
Space Agency, the systematic acquisition of six
new Envisat-ASAR images was programmed
every month above Virunga between 2005 and
2012. This data harvest allowed researchers to
produce more than 3,000 separate interferograms, i.e. graphic representations of variations
in height, and study ground deformations associated with volcanic activity.
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Map showing the location
of monitoring instruments
for the Nyiragongo and
Nyamulagira volcanoes,
including the GPS stations
and inclinometers of the
GORISK project. The lava
flows of past eruptions are
shown in different colors.

DANGER: GAS EMISSIONS

LAVA IN ALL ITS STATES

The passive degassing of the two volcanoes has
also been examined. A gas measurement station
was installed in Goma to monitor the flow of carbon dioxide and radon, and to establish a parallel
with the volcanic activity.

The project resulted in the creation of the Gorisk
Scientific Network, which supports the services
developed and actively continues to study and
monitor volcanic activity in the Kivu basin. As
part of the Stereo II programme, the Vi-X project
more closely examines the geodynamic processes at work in Virunga, in order to improve
the assessment of the volcanic risks. One of its
objectives is to use the latest generation highresolution radar images, from the constellation
of TerraSAR-X and TanDEM-X satellites. The
initial results are promising: on the basis of
TanDEM-X time series images, the researchers
produced digital surface models (DMS) before
and after the last eruption of Nyamulagira,
which provided them, for the first time, with an
accurate estimate of the volume of lava emitted.
The DMS also revealed details of the landscape
that weren’t detectable on the basis of the previously available data. Their importance becomes
clear in the knowledge that the highly fluid lava
from Nyiragongo follows trajectories that can
be deviated by very insignificant topographical
elements. This more accurate DMS thus gives
rise to more reliable simulations of flows and,
therefore, a better estimate of the probability of
invasion by lava. A technique allowing variations
in the height of the lava lake to be monitored
also seems promising and would provide a
significant new forecasting tool. Indeed, observations of the lava lake reveal that as it continues
to overflow onto the platforms in the crater, it is
gradually rising, increasing the risk of the edifice
cracking and the lava pouring out.

The teams focused on mazuku, the depressions
in which carbon dioxide of magmatic origin
accumulates and reaches concentrations that are
fatal for humans and animals. As for radon, it
is produced relatively close to the surface and
is conveyed by the CO2 to the surface through
fractures. These geochemical analyses provide
a better understanding of the activity of the two
volcanoes. The analysis of the gas flows and
the possible link between their variations and
volcanic activity aims to develop alert systems.
In collaboration with the VISOR partner project
(United States), the satellite surveillance of the
sulphur dioxide plume is also being used to
assess the impact of this gas on public health
and on the pollution of surface water.
The project has also led to the production of a
new volcanic map of the region and an updated
map of the town of Goma, both very useful to
establish contingency and evacuation plans for
crisis events. The end of the project was marked
by the eruption of Nyamulagira in January 2010.
Luckily, this eruption didn’t threaten the
population of Goma but it nevertheless allowed
the usefulness of the various tools developed
to be tested and validated.

Night view of the
Nyiaragongo lava lake, the
largest in the world (about
200 meters in diameter).
Through regular overflows,
it contributes to the
gradual rise of the lower
platform of the crater
(a hundred meters per year).

Thanks to radar data,
the flooded area can be
defined precisely.
By draping the data on a
digital terrain model, we
can obtain an estimate
of the level of water.

FLOOD ALERT
While the number of geophysical disasters
(volcanic eruptions, earthquakes, etc.) remains
relatively stable, this is not the case for extreme
hydrometeorological events. Today, they are
responsible for approximately two thirds of the
damage caused by natural disasters. In 2013
alone, approximately 100 catastrophic floods
were recorded worldwide, causing more than
8,000 deaths. According to the last assessment
report issued by the Intergovernmental Panel
on Climate Change (IPCC), the rise in these
phenomena is a reflection of global warming.
But the damage caused and the economic cost of
flooding are also linked to other parameters: for
instance, demographic evolution and life choices,
which involve a growing number of people
living in areas subject to flooding, but also the
types of farming practices that determine the
way in which the soil and elements of the landscape intervene in regulating water.

In Europe, floods are the most frequent disasters.
In 2013, they affected approximately a million
and a half people. Therefore, the European
authorities recommend a set of measures to
assess and manage the risk of flooding, in order
to limit the consequences as much as possible.
How can we prevent flooding using satellite
images? The large-scale HYDRASENS project
brought together five research teams from
Belgium and Luxembourg with the aim of
better understanding the different processes
that influence floods in catchment basins, and
attempting to develop more reliable operational
tools, such as flood forecasting models. The protection of inhabitants is indeed directly linked to
the reliability of these models. The Belgian civil
agencies traditionally work with flood forecasting models that are mainly based on the level
of rivers, however, they don’t take into account
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the ground’s saturation level, i.e. its ability to
absorb water. To integrate this major parameter,
the researchers optimised a model combining
hydrology and hydraulics, based on radar data.
The tests were carried out on the basins of the
Dyle in Belgium and the Alzette in Luxembourg,
whose waters often rise

HYDROLOGY AND HYDRAULICS

Flooding of the River Dyle
in Walloon-Brabant

As regards hydrology, the variable required to
estimate the absorption capacity of a perimeter
is soil moisture. This determines how much precipitation will infiltrate the soil and how much
will run directly on the surface. In the field, this
variable is extracted from measurements taken
using Ground Penetrating Radar (GPR). Regarding the catchment area, the necessary information is extracted from synthetic aperture radar
(SAR) satellite data. The soil moisture values
derived from the two types of sensors are then
correlated in a completely innovative way.
Concerning hydraulics, the important variable
is the extent of the flooding. Up until now, it
was very difficult (despite having SAR data) to
map the outline of a flood within an urban area
or under plant cover. By merging the SAR data
with the high resolution digital field models, a
solution to this problem was found.

The extraction of these two variables – soil moisture and extent of the flooding – based on SAR
data, is an important advance; their integration
into the flood forecasting model does indeed
make it more effective. At each of the stages, the
model’s calibration is improved thanks to the
addition of updated data.

“LIVE” FORECASTING
AND MONITORING OF FLOODS
Like all models, the flood forecasting models
currently used produce errors. These are mainly
errors concerning timing, the extent of the
flooding or the height of submersion. The
FLOODMOIST project focuses more on the
interest of assimilating soil moisture observations and the extent of flooding in these
models. Hence, the project studied the usefulness of the SAR data for the continuous surveillance of the water saturation level in the ground,
on the one hand, and the precise localisation of
areas actually flooded, on the other.
The researchers are mainly focusing on the flood
maps’ level of uncertainty resulting from SAR
imaging. Indeed, depending on the mapping
method implemented, the result can differ
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The ground penetrating radar
instrument (or geological
radar) is mounted on a quad
for real-time soil moisture
measurements.

A PATCHWORK OF IMAGES IN REAL TIME
significantly. Therefore, they will begin by developing techniques to define this uncertainty and
then integrate them into the data assimilation
process. The results show that this integration
improves the model’s accuracy and its forecasts.
For now, the techniques developed have only
been validated on events in the past; the next
step is to test them by using SAR data recorded
in real time (or near real time, if we take into
account the short interval between acquiring,
processing and transmitting). This would allow
civil authorities to use models with a “live” supply of data to justify alert decisions taken before
the disaster, and to organise aid during the
crisis. The European Space Agency has shown
an interest in these two projects and their major
methodological advances.
In the framework of the EU Copernicus Programme, ESA developed a successor for the
ERS-1 and 2 and Envisat satellites. This mission
is called Sentinel-1 and is made up of two satellites carrying a synthetic aperture radar. The first
satellite, Sentinel-1A, was launched in April 2014,
and the images it has taken thus far have already
shown their worth for numerous applications.

As regards disaster management, acting quickly
and in the right place is essential. Having
reliable and immediate information is often a
major problem. The RIMS project is dedicated
to this difficulty through its focus on unmanned
aerial vehicles (UAV). From light drones to large
stratospheric aircraft, these pilotless systems
have many advantages: on the one hand, they
offer a wide range of sensors and, on the other,
they can be deployed on request, offering an
unequalled flexibility and reaction time. In the
monitoring of disasters, they are the missing
link in all the remote sensing platforms. However, to obtain visualisation solutions in near real
time, the complete and automated data processing chain must be optimised.
The researchers have elaborated a new geocoding method: this crucial stage consists of
matching (i.e. “locking” and geo-referencing)
superimposed images and vector layers of the
same scene taken at different times, from different angles and by different sensors. This new
approach reaches new levels of reliability, rapidity and quality. While such automatic geocoding
techniques did already exist, the quality of their
results wasn’t always very high. The method
developed allows the best processing chain to be
selected in near real time, based on the content
of the scene observed and the external data
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The International Charter on Space and Major Disasters
Telecommunications, Earth observation,
meteorology, geolocation: spatial resources are of major interest in risk management. To have access to these resources in
case of a disaster, it was necessary to set up
a centralised system focused on acquiring
and delivering spatial data. The International Charter on Space and Major Disasters,
which officially came into force on 1 November 2000, meets this need and helps to support the management of disasters and limit
the repercussions on the population. All
the agencies that are members of the charter commit to mobilising their resources to
produce and distribute images and maps to
disaster areas as a matter of priority.
Soon after the Charter’s foundation
by the European (ESA) and French
(CNES) space agencies, it was joined
by the Canadian Space Agency followed

The Charter was activated
during the flooding of the
Paraná River in Argentina in
June 2014. The Sentinel-1A
data that were delivered were
used to map the extent of the
flood. Sentinel-1A is the first
in a series of satellites of the
European programme of Earth
observation Copernicus.
Data of Sentinel satellites will
be available free to all.
In emergency situations, they
can even be delivered within
an hour after acquisition.

by 15 or so major agencies and institutions
worldwide over the years. The procedure is
very simple: if a disaster occurs, every authorised user has access to a confidential
phone line, available 24/7. Following the
analysis of the request, a project leader prepares a plan for the acquisition of new data
and a choice of archives, by using the available satellite resources. In collaboration
with the operators capable of processing
and analysing this data, it provides images,
maps and all useful information as quickly
as possible. Since its creation, the charter
has been activated more than 400 times, to
assist civil defence and security organisations faced with dramatic events, whether
they are of human or natural origin (floods,
storms, fires, earthquakes, eruptions, oil
spills, etc.).
www.disasterscharter.org
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MINEFIELDS SEEN FROM THE SKY

UAVs (unmanned aerial vehicles) or drones are remotely
controlled aerial vehicles used
for various applications. From
ultralight aircraft to this octocopter, they can take different
types of payload (imagers,
GPS instruments, weather, ...).
Their flexibility and responsiveness are the instruments of
choice for disaster monitoring.

Thanks to radar data,
the flooded area can be
defined precisely. By draping
the data on a digital terrain
model, we can obtain an
estimate of the level of water.

available. This has led to the creation of a prototype software program that processes images
directly on the UAV platform, assembling them
in a patchwork and delivering a faithful geolocalised observation of the area flown over “live”.
This visualisation is broadcast online and can
be used as such by the civil protection services.
With the public authorities and the industrial
world showing their interest in this operational
tool, its development is continuing, in partnership with AGIV (Agentschap voor Geografische
Informatie) and Belgian companies specialising in imaging products, such as Barco and
Gatewing.

Despite the Nobel Peace Prize won in 1997 and
a major international campaign banning landmines, this scourge is still widespread.
In 2013 (year of the last census), there were no
less than 3 308 victims, mainly civilians, the
majority of whom are women and children.
Nearly 70 countries are currently contaminated.
Besides the actual mines, unexploded munitions
also constitute a latent threat. The SPRINT
project, conducted by the Belgian Royal Military
Academy, is dedicated to this contamination
of former war zones. The remnants of war are
a major obstacle when it comes making the
transition from a crisis situation to a genuine
state of peace. They not only endanger the
physical integrity of the inhabitants but also the
possibility of reconstructing and reviving local
development. Taking into account the disparity
of the situations in the field, TIRAMISU, a vast
European project, aims to provide all those actively taking part in humanitarian mine clearance
with a global toolbox.
To improve the process to make land available
again, TIRAMISU wants to develop an integrated geospatial system, capable of processing data
that differs according to type (visual interpretations, historical data, multispectral satellite data,
hyperspectral, radar, etc.), their resolution and
their source (drone, airborne, satellite).
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In support of this large-scale project, the
SPRINT project researchers have developed a
minefield localisation technique in Croatia based
on radar data. The basic principle is that an
area which is no longer frequented by the local
population is likely to be dangerous. The study
therefore aims to differentiate the areas where
there is human activity from those where it has
ceased. This information can be extracted from
changes detected in the SAR radar image time
series, based on an analysis of the interferometric coherence. This parameter provides infor-

Mine clearance operation
in Petrinja (Central Croatia).
90,000 landmines are still
buried in the Croatian soil.
Since the war ended in 1995,
more than 500 people have
been killed by landmines.

