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NSD-S Hub Study Day
The Middle East and North Africa (MENA) Space Capabilities and Security Challenges: Applications to Disaster
Management Study Day was organised by the NATO Strategic Direction-South Hub (NSD-S Hub) and Allied
Command Transformation (ACT), under the Open Perspective Exchange Network (OPEN) Framework, on 28
and 29 June, 2022. This intricate and specific project was aimed at enhancing NATO understanding of current
MENA space capabilities and potential requirements in the field of disaster management, defence and
security, particularly with a view to using space capabilities and assets to support early warning mechanisms,
climate change and border security.
Space technologies can play an important and significant role in the preparation, prevention, management
and mitigation of disasters, thereby having direct impact on security. As an example, communication
satellites can help in disaster warning, while earth observation satellites can monitor activities. MENA is an
area that is both vulnerable politically and prone to natural disasters. Space technology can be one of the key
tools in this domain.
This Study Day was made possible by a collective effort through a network of distinguished experts/speakers,
trusted partners and multiple agencies: The Faculty of Law, Istanbul University; the Space Generation
Advisory Council (SGAC); the United Arab Emirates Space Agency; the Bahrain National Space Science Agency;
the Egyptian Space Agency; the Kuwait College of Science and Technology; the Vernewell Management
Consultancies; European Union Satellite Centre (Copernicus Unit); U.N. Platform for Space-based Information
for Disaster Management and Emergency Response (UN Spider); Centre for Global Development; Portuguese
Space Agency; Prague Security Studies Institute (PSSI); Critical Care Medicine at King’s College Hospital in
London and; Quantum Brilliance GmbH.
The 2-day Study Day was divided into three panels dealing with the topics of:
1. Natural Hazards and Disaster Reduction
2. Human-made Disasters and Technical Responses
3. Public Health Disaster Management
The moderator of this event was Dr. Markos TRICHAS, the Head of UK National Eyes Only Bids and Studies at
Airbus Defence and Space in the UK and a Research Fellow at University of Plymouth on Space Threats and
their impact on Naval Operations.
Following the conclusion of the Study Day, a roundtable discussion was conducted between guest speakers
and audience members focusing on essential points in regards to the prevention of disasters and proposals
of cooperation between organisations. Topics that were discussed consisted of the following:
1.
2.
3.
4.
5.
6.
7.
8.

Climate Change
Alternative Energy Solutions and Dependency
Satellite Traffic Management
Task Force for Capacity Building
Next Generation, Women Empowerment
Optimized (AI, IA, Quantum technology) Data Usage and Accessibility
Networking with Space Actors
Security Issues (Natural Disaster Long-Term Implication)

This paper collects the proceedings of the Study Day.
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1. Panel One: Natural Hazards and Disaster Risk Reduction
1.1 Morocco Case: Monitoring, Reduction, and Prevention
Strategies
(Ms. Imane EL KHANTOUTI, Space Generation Advisory Council, Morocco)

Introduction
Space infrastructure and satellite data have shown an important role in
determining disasters, providing early warnings, and preventing disaster
cycles. Currently, with the climate change issues, there has been an increase
in these disasters' frequency, unpredictability and intensity. There are more
desertification, flooding, wildfires and earthquakes likelihoods. Africa and the Middle East are one of the
regions that will have the most impact due to climate change. To illustrate, the East of Africa had known a
tremendous famine crisis in 2011, due to the La Niña phenomenon caused by a temperature change. The risk
of famine is increasing by 45% since 2012 on the continent. In addition, the African and middle eastern
countries will have great flooding and hydric stress risk potential which proves the need to find solutions to
warn and prevent. Therefore, it is primordial for scientists, NGOs and governments to find new ways to
manage these disasters.
Many African and Arab countries are investing in Space capabilities and taking part in global initiatives: Egypt,
Morocco and Gabon as a part of the Space Climate Observatory (SCO); Utilization of the Copernicus
Emergency Management Service; UAE, Morocco, Algeria, South Africa, and other countries disposing of their
remote sensing satellites... This paper will be discussing the potential disasters that are facing these
countries, the lessons to be learned from other international cases and recommendations on how to use the
existing infrastructures or the incoming programs.
A disaster is when a hazardous event such as drought, flood, cyclone, earthquake and tsunami cause a loss
of life and damages infrastructure. This disrupts the functioning of a community or society in multiple forms
of losses: human, material, economic, or environmental.
The hazard can have multiple classes and affect multiple levels, which are described in the following:






Small scale: affecting only local communities and requiring assistance beyond the local
community
Large scale: requiring national or international assistance
Frequent and infrequent disaster: depending on the probability of occurrence and return period
and its impacts. As the hazard can be cumulative and become chronic for a community
Slow onset: emerge gradually over time: drought, desertification, a pandemic
Sudden onset: emerging quickly: earthquake, chemical explosion, infrastructure failure

Disaster risk management mechanisms and prevention systems:
Awareness, identification, understanding and measurement of disaster risks are all clearly
fundamental underpinnings of disaster risk management. To prevent and manage those risks the
governments and international agencies through the UN have put into place The Sendai Framework
for Disaster Risk Reduction 2015-2030, which defined the four next priorities:
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1.
2.
3.
4.

Understanding the disaster
Strengthening disaster risk governance
Investing in disaster reduction
Enhancing preparedness for effective response and eventually recovering, rehabilitating,
and reconstruct

The disaster management process comes on a cycle divided into multiple phases after the occurrence of the
hazard:









Risk knowledge builds the baseline understanding of risks (hazards and vulnerabilities) and priorities
at a given level.
Monitoring is the logical follow-on activity to keep up-to-date on how those risks and vulnerabilities
change through time.
Response capability insists on each level being able to reduce risk once trends are spotted and
announced — this may be through pre-season mitigation activities, evacuation or duck-and-cover
reflexes, depending on the lead-time of a warning.
Warning communication packages the monitoring information into actionable messages understood
by those that need, and are prepared, to hear them.
Mitigation means reducing the severity of the human and material damage caused by the disaster.
Prevention is to ensure that human action or natural phenomena do not result in disaster or
emergency.
The Recovery phase is where reconstruction efforts are carried out on the basis of a more precise
assessment of damage and destruction of infrastructure. In addition, efforts are conducted to
reconstruct infrastructure when needed and to restore the livelihoods of those affected.

Disaster Risk Reduction
According to the United Nations Office for Disaster Risk Reduction (UNDRR) Early warning systems are “the
ensemble of integrated systems for hazard monitoring, forecasting and prediction, disaster risk assessment,
communication and preparedness activities systems and processes that enable individuals, communities,
governments, businesses and others to take timely action to reduce disaster risks in advance of hazardous
events".
These systems are implemented and operated whether on a local level, national through national programs
or international level under international agencies' umbrellas.

Space-based Applications for Risk Disaster Reduction
Space technology (Remote sensing and imaging satellites) is an important part of disaster risk management,
it provides advanced tools to monitor and measure indicators related to atmospheric and environmental
variables as well as the infrastructures and land use. These tools also detect changes over time that were
planned or unforeseen.
Early warning Space technology is based upon:



Satellite telecommunication: transmits data from sensors in observed areas and transmits warnings
from a geographic area to another
Earth Observation: to track and assess the severity of the hazards monitor the progress and
determine the potential expansion of the hazard,
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GNSS: to provide precise and up-to-date information about the localization of the hazard.

Exposure assessment: defining and understanding the elements (buildings, derivation of population
information) exposed to risk thanks to high-resolution satellite data.
Vulnerability assessment: physical, environmental, infrastructure and human elements of vulnerability
through remote sensing data. This assessment supports risk assessment, risk reduction and eventually
evacuation planning.
Hazard assessment and monitoring: detailed provision of the natural or manmade threat and its intensity
and probability through medium resolution data and Synthetic Aperture Radar data for example.
Damage assessment and recovery monitoring: beyond field surveys and aerial photographs and due to
satellite-based remote sensing, the distribution of the damage is better defined and understood. The images
help comprehend the extent of the damage on a regional scale. In addition, and in a similar manner, the
recovery processes can be monitored and modelled through time series analysis of space-based remote
sensing data.

Morocco
The country of Morocco has a Semi-arid climate, and the pluviometry regime is variable from one region to
another moreover, the country is among the countries with the least water resources per habitant,
730𝑚3/habitant/year. With climate change, the country is on alert according to the drought indicators and
impacts. Water shortage causes very severe issues, the reservoirs were at their lowest levels since the 1980s
– volumes less than 33%. Agriculture is one of the country’s main economies, farmers and government actors
have developed strategies and built-up practices to control and prevent various risks.
During the end of 2021 and the beginning of 2022, Morocco has known an arid period in which there was a
below-average rainfall which brought a persistent precipitation deficit which led to drought conditions in
most agricultural areas. The Moroccan soil was drier than average due to a lack of precipitation. Which
directly impacted the vegetation with a persistent drought since November 2021. Monitoring such evolution
of drought is essential for risk assessment as 40% of the whole land suffers from soil deterioration in normal
times.

Drought
Thanks to the Copernicus Emergency Management Service, alarming data has been raised about the drought
levels internationally. A severe drought has been affecting the Mediterranean region, and an important lack
of precipitation has been taking place in the North African region – a lack of precipitation during the two first
months of 2022, causing lack of precipitation, thus, a lack of soil moisture which induced bad vegetation
conditions. This data is mapped in the following figures.
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Morocco’s National Strategy through
Space Applications
The country disposes of a detailed risk
management program as well as a water
national plan to prevent and monitor any
natural disasters, and provide the right
response mechanism, reform a legislative
framework governing the management of
flood risks.
The space capabilities of the country are
playing a major key role in this
management; the country has 2 remote
sensing satellites which provide up to date
data enabling decision-makers, regional
agencies, and rescue teams to act during the
three phases of the crisis: pre, during and
post-crisis.

Figure 1: Drought in western Mediterranean, Feb 2022

Those strategies are detailed according to the nature of the natural hazard.

Flooding Case
The Centre Royal de Teledetection Spatial (CRTS) is constantly mapping the Moroccan territory and
monitoring the water bodies. During rainy periods and using Synthetic Aperture Radar Imagery, the plain
floods, with consequent cloud coverage are well monitored.
The produced maps are then used by the government users to better understand the evolution of the floods,
and integrate the flood risk in land planning, urban planning and catchment management planning.

Tsunami and Marine Risks
In partnership with the SCHEMA project of the European Commission, the Rabat-Salé coast was one of 5
Atlantic and Mediterranean coasts to be mapped describing in details Coastlines relief and composition,
vulnerability classes of buildings and infrastructures of the zone and height of the tsunami based upon
modelling scenarios, satellite data and in situ data for well documentation and understanding of the
resources. Such a study helps the different actors and government agencies to prevent any consequent losses
in case of tsunami/marine hazards.
Currently, a national map is being developed describing the totality of the Moroccan coastline enabling an
improved forecast of potential tsunamis or other sea-induced hazards.

Forest Fire Prevention
The Royal Centre of remote Sensing has put in place a national system for monitoring the potential of forest
fires daily. Based upon low-resolution satellite images of the surveillance of high-risk zones: where a fire is
most likely to be triggered and monitoring of forest zones with significant fire setoffs which occurred between
satellite flybys.
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Conclusion
Space-based data is providing an important amount of data which enables a better understanding of the
natural resources and potential hazards and risks. The actions to be taken are decided throughout the
different steps of the cycle: prevention, preparedness to save lives, resources and infrastructures, and postcrisis. Worldwide and regional wide, efforts have been focused on hazard assessment and less vulnerability
mapping whether it is through international programs such as Copernicus, NOAA programs or national
programs through national space capabilities. Those programs are constantly improving thanks to constant
and repetitive monitoring of the different regions of interest.
With the international efforts, it can be argued that a better understanding and planning of prevention
methods toward a systematic response to any potential hazards – climate-change-induced, naturally induced
or manmade.

1.2 Navigating Unknowns: Use of Space Technologies for Disaster
Management, Law and Policy Considerations
(Dr. Nebile Pelin MANTI, Istanbul University Faculty of Law)

Introduction
Since the 1980s, The Middle East and North Africa (MENA) region has been
struggling with different types of severe disasters, which are posing ongoing
and new security challenges in MENA sub regions, threatening not only regional
but global peace and stability.
These disasters, whether natural disasters (such as weather, floods, earthquakes, wildfires and multi-annual
droughts) which have been on the rise due to severe effects of climate change in the 21st century; or manmade disasters (like environmental degradation, pollution, terrorism and accidents) or new technological
disasters (such as chemical or hazardous materials (HAZMAT) emergencies, dam failures, nuclear or
radiological events, power outages and cyber security), has been a severe exam of the ability of MENA
countries and cities, as well as the NATO Alliance, to withstand the unexpected, placing strain on economic,
health, social, and urban infrastructures.
The spaceborne capabilities provide promising opportunities for disaster management and recovery in the
MENA region. Various kinds of satellites, including communications, meteorology, remote sensing, earth
observation and geo-physical satellites, etc. are, or may become, useful tools in disaster prevention,
preparedness and relief.
Then the question remains, which space technologies and which space applications can serve more
effectively used during this process, against/during which risk/threat and how/what can be the legal and
policy framework for their use can be determined?
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Mapping MENA Disaster and Space Technology Matrix
Within the past few decades, MENA countries were affected by a great increase in the disaster incidence and
their impacts, and in order to better prepare for the future, MENA should take into consideration other
geographies living similar problems. IFRC1 defines disasters as “serious disruptions to the functioning of a
community that exceed its capacity to cope using its own resources”2 and disasters can be caused by natural,
man-made and technological hazards, as well as various factors that influence the exposure and vulnerability
of a community.
Space technologies and applications can assist in all stages of disaster management, from monitoring, early
warning, prevention, preparedness to recovery. Also emphasized in 2021, MENA countries have steadily
accelerated their own space programs, developing and using their own capabilities, and in search of new
possibilities to enhance their infrastructure for communication and connectivity against and during
emergencies, in order to avoid maximised losses and minimize disparities between developed and
developing regions of the world.

Space Technologies for Disaster Risk Identification and Risk Reduction
Space assets and technologies can play a crucial role for promoting preparedness and resilience through
emergency communications and early warning and reduce or avoid potential losses. The importance of
disaster monitoring and mitigation has been included in the UN Millennium Declaration of September 2000,
where the heads of State and Government have resolved (among other things) to intensify cooperation to
reduce the number and effects of natural and man-made disasters.
Measuring and anticipating the effects of future natural hazards is important in order to implement measures
to mitigate the effects of disasters. In all phases of crisis management, satellite-derived information plays an
essential role as a synoptic, independent and objective source.

1

The International Federation of Red Cross and Red Crescent Societies (IFRC) is the world’s largest humanitarian network. The IFRC secretariat
supports local Red Cross and Red Crescent action in more than 192 countries, bringing together almost 15 million volunteers for the good of
humanity.
2 What is a disaster?, IFRC Website, (Available: https://www.ifrc.org/what-disaster)
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MENA Specific Disasters
In the 21st Century

Natural Disasters

Man-Made and
Technological Disasters

Incidents of Mass
Trauma

Geological Disasters

Environmental Degradation

Food Insecurity

Pollution

Epidemics &
Pandemics

Hydrological Disasters
Climatological Disasters

Terrorism

Meteorological Disasters

Accidents

Displacement / Forced
Migration

Biological Disasters
Space Disasters

Space assets can provide various possibilities:
-

Space-based platforms can provide transboundary perspectives invaluable for more accurate
weather forecasting, disaster risk reduction, crop harvest projections and other purposes.

-

Space-based technologies can contribute to all phases of the disaster management cycle, including
prevention, preparedness, early warning, management, response and reconstruction.

-

Before a disaster takes place, remotely sensed data provides information for systems and models
which can predict disasters and provide early warnings.

-

Space technologies, including Earth observation satellites, communication satellites, meteorological
satellites and global navigation satellite systems (GNSS) have played an important role in risk
reduction and disaster management.

-

Space assets are very useful in planning and managing future disaster response and rescue missions.

Earth Observation and Remote Sensing Technologies are useful in hydro-meteorological and geo-hazards.
While tropical cyclones are not common in MENA region, heavy rainfall, severe thunderstorms, floods and
drought are some of the hydro-meteorological hazards whereas earthquakes and volcanic eruptions are
grouped under geological hazards MENA region is facing.
Satellite instruments are designed to cover specific wavelength ranges of the electromagnetic spectrum in
order to capture images and perform atmospheric sounding, satellite communication, geo-positioning, and
navigation. Earth observation satellites and meteorological satellites are normally placed in low Earth orbit
at a height of 500-800 km and nearing polar inclinations. Because of their position, these satellites offer
global access with low temporal resolution but medium to very high spatial resolution.
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For Earth observations, EO satellites use optical sensors, radar sensors, or both. These satellites transmit
images in both panchromatic format and multispectral formats. Panchromatic images usually include B/W
images (all visible light is reflected from the Earth's surface).3
Over the past decades, 4 subregions of MENA countries are facing serious disasters which put the population,
nature and economies in peril.
The advance in space technologies and applications are creating new opportunities for enhancing disaster
resilience and risk reduction, while many challenges remain before these satellite applications can be made
widely accessible to all concerned nations for disaster risk reduction and management.
Some of these technologies can be exemplified as:
1. Synthetic Aperture Radar (SAR) Technology refers to a technique for producing fine-resolution
images from a resolution-limited radar system, which has a unique role to play in the mapping and
monitoring of large areas affected by natural disasters, especially floods, owing to its unique
capability to see through clouds as well as all-weather imaging capability.
2. Geographic Information Systems (GIS) have become crucial to mitigate the effects of disasters,
considering the increase in the severity and frequency of disasters, space technology and saving lives
and augments resilience in a region. Space technologies including Earth observation satellites,
communication satellites, meteorological satellites and global navigation satellite systems (GNSS)
have played a crucial role in risk reduction and disaster management”. GIS is a computer-based
system, capable of producing high-quality maps to store and accumulate huge quantities of
geographic information. By using the analytical tools of such advanced technology and mapping the
region of the area under inspection; GIS can provide service to the humanistic needs of a community.
3. SRS Radar (Subsurface Radar Sounders) - systems are capable of generating high-resolution 2D and
3D images in real time. This application enables to monitor a variety of disasters, such as; droughts
and hydro-geological activities/studies; to detect ground displacements in hydrogeology4 and as a
component of an integrated approach to hydro-geologic monitoring and characterization of
unconsolidated alluvial groundwater basins differential SAR interferometry contributes unique
information. Some applications of satellite differential synthetic aperture radar (SAR) interferometry,
principally coherent (InSAR) and to a lesser extent, persistent-scatterer (PSI) techniques to hydrogeologic studies has improved capabilities to map, monitor, analyse, and simulate groundwater flow,
aquifer-system compaction and land subsidence.
Over the previous decades, several investigations show how the spatially detailed images of ground
displacements measured with InSAR have advanced hydro-geologic understanding, especially when a time
series of images is used in conjunction with histories of changes in water levels and management practices.
Some of the important advances include:
a. Identifying structural or litho-stratigraphic boundaries (e.g., faults or transitional facies) of
groundwater flow and deformation;

3
4

Panchromatic And Pansharpened Satellite Imagery, (Available at: https://eos.com/make-an-analysis/panchromatic/)
D.L. Galloway and J. Hoffmann, The application of satellite differential SAR interferometry-derived ground displacements in hydrogeology, in
Hydrogeology Journal, 2007. (Available at: https://pubs.er.usgs.gov/publication/70033045)
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b. Defining the material and hydraulic heterogeneity of deforming aquifer-systems;
c. Estimating system properties (e.g., storage coefficients and hydraulic conductivities); and
d. Constraining numerical models of groundwater flow, aquifer-system compaction and land
subsidence.
Future satellite SAR missions specifically designed for differential interferometry will enhance contributions
to facilitate improved management of groundwater resources, against droughts and one of the recent
examples include the Luxembourg based Spacety’s launch of two new satellites into orbit: the new Chaohu1 SAR satellite and the Thor smart satellite on February 27th, 2022. Both launched from the Wenchang
Satellite Launch Centre and telemetry data and antenna deployment were completed, indicating another
successful space mission for Spacety and the Chaohu-1 satellite is the second commercial C-band SAR remote
sensing satellite launched by Spacety, after the HiSea-1, which continues the deployment of Spacety’s SAR
constellation.
Also included in NATO’s DEXTER (Detection of Explosives and firearms to counter Terrorism) Project, this
technology is used in MIC (Microwave Imaging Curtain), one of the 3 pillars of DEXTER Project, which aims at
designing and developing an efficient Multiple Input Multiple Output (MIMO) Synthetic Aperture Radar (SAR)
technique is capable of generating high-resolution 2D and 3D images in real time. MIC will make use of
machine learning algorithms to elaborate the images and automatically identify and characterize potential
threats. By doing this, it will enable the detection of explosives and firearms without the need for
checkpoints.
4. HAM Radio Emergency Amateur Radio Communication (Amateur Station Operators) is used during
disaster and calamity situations, such as an earthquake, interface fire or other natural or man-made
disasters, amateur radio can be used to provide continuity of communications. The communication
infrastructure of an area can be heavily compromised during a disaster. Cellular systems, as well as
landlines, may be overwhelmed, damaged or even destroyed. This interruption in communications
places immense strains on rescue personnel, government agencies and volunteer organizations as
they try to provide relief to those that are affected. Local radio clubs form emergency groups that
practice and train for emergency communications.
5. Light Detection and Ranging; or Laser Imaging Detection and Ranging or shortly LIDAR Tech - In the
field of remote sensing imaging, multispectral imaging can obtain an image of the observed scene in
several bands, while the light detection and ranging (LiDAR) can acquire the accurate 3D geometric
information of the scene. With the development of remote sensing technology, how to effectively
integrate the two imaging technologies in order to collect and process simultaneous spectral and 3D
geometric information has been one of the frontier problems. Most of the present researchers on
simultaneous spectral and geometric data acquisition focus on the design of physical multispectral
LiDAR systems, which inevitably lead to an imaging system of heavyweight and high-power
consumption and thus inconvenient in practice. While SAR technologies are the best option for
monitoring and EO, since their ability to image in complete darkness as well as through clouds, smoke
and other similar obscurants, LiDAR on the other hand can be used to create detailed topographic
maps and collect digital elevation data, which is one of the suggested practices for Storm Surge
Coastal Flood Modelling by UNSPIDER, which allows users to visualize the geographical extent of
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coastal flooding or sea level rise on local, regional or global scale (depending on the resolution and
accuracy of the incoming digital elevation model). It can be used exclusively as a first approximation
to determine areas that are prone to inundation and can serve as a first assessment for further, more
in-depth analysis of coastal flood and sea level rise assessment.
6. Satellite communications: Telecommunications regulatory frameworks can be developed to
improve disaster management worldwide in the face of increasing hazards caused by climate change.
The use of satellite-enabled technology allows for the enhancement of relief services, which save
lives and reduce costs during emergencies, particularly where cellular networks cannot reach.
7. Satellite-based emergency mapping using optical imagery: Space and satellite data can support
different phases of emergency management, and future directions are concluded from the
perspectives of disaster monitor, vulnerability and risk assessment, damage evaluation, emergency
rescue and scheduling. The bibliometric analysis can provide meaningful insights of evaluative
research management.

Emerging and developing countries remain highly vulnerable to disaster risks, concerning the fact that they
have to maintain wide national territories with high disaster risks, but have not sufficiently developed ground
infrastructure for disaster risk management (DRM).
Space technologies such as satellite remote sensing (RS), satellite communication (SatCom) and global
navigation satellite system (GPS/GNSS) have great potential to strengthen DRM capabilities as they can
effectively monitor and manage wide territories at comparatively low price.
More tools and techniques are developing to prevent and manage disaster occurrences and one of the
proven tools and techniques is the application of space science and technologies. Space science and
technologies could be useful in various areas of disaster risk reduction and disaster management, from
aviation, maritime and land transportation, to urbanization, mapping and surveying, food security and
sustainable agriculture, environmental monitoring and natural resources management, and human health.
One of the well-known examples is the ASNARO-2 satellite, launched by NEC in 2018, has the potential to
play an important role in disaster prevention by using the potential of Synthetic Aperture Radar (SAR)
technology, which images the earth using the satellite's embedded radar.
Ongoing challenges in space policy and law, correlating remote sensing practices, and data sharing issues for
humanitarian relief following natural disasters.
This paper identifies ongoing challenges in space policy and law, correlating remote sensing practices, and
data sharing issues for humanitarian relief following natural disasters.

Design of Law and Policy Framework for Disaster Management
The space domain is a shared security concern by NATO and its member Nations. Unprecedented
technological advancements threaten civilian and military satellite infrastructure. NATO's new space policy
is a crucial step toward implementing space as an operational domain and reinforcing its core mission of
deterrence and defence.
Developments in disruptive technologies – such as artificial intelligence (AI), the Internet of Things (IoT),
cloud computing and Big Data – and innovations in such areas as robotics and drone technology are
transforming many fields, including disaster risk reduction and management.
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The modernization and the lack of effective command, control, communication, and computer (C4) and
advanced intelligence, surveillance, and reconnaissance (IS&R) capability, can cause policy and
implementation gaps. Environmental risks are perceived to be the five most critical long-term threats to the
world as well as the most potentially damaging to people and the planet, with “climate action failure”,
“extreme weather”, and “biodiversity loss” ranking as the top three most severe risks.
For the MENA region it requires joint calibration and validation activities, as well as integration of local insitu systems to enhance the quality of data and service products. Therefore, providing policy and
coordination; data access, availability and info-sharing; capacity building and institutional approaches for
specific needs of the MENA region affected and at the various stages of disasters (such as risk reduction, early
warning, and emergency response) is essential.
As a first step, from national to global scale an Institutional framework design is required, namely for;
a. Mitigation and preparedness, which can be provided by mapping and using space enabled
data to detect vulnerability of a certain region or on global scale and assess risks, modelling
impacts and using early warning and response maps;
b. Emergency response procedures has to be designed to create event specific approaches, to
implement necessary provisions easily and keeping information flow updated, as well as to
support decision making process with real time data.
c. Recovery and rehabilitation process to be designed, by using situation maps, following time
series and monitoring.
This risk management cycle can be effective only with access to “accurate spatial data”, provided by the
advanced EO Satellites. Accurate information helps policy makers to better understand the “Facts”, to adopt
the strategy with precise action plans, to save lives and maintain security, to keep the threat level low.
Within the UN, there is United Nations Platform for Space-based Information for Disaster Management and
Emergency Response, shortly UNSPIDER and NATO can create a cooperation or collaboration with this
database.
Secondly, NATO has to determine a priority framework, in order to enable military and political commitment
get into action and for this purpose space assets can help disaster risk reduction, on national and
international level;
a. To identify, assess and monitor disaster risks and enhance early warning capabilities within
the Alliance for MENA region.
b. In the MENA region, NATO Alliance can contribute to build a resilience culture, by innovation,
knowledge sharing and education under specific courses on use of these technologies and to
strengthen disaster preparedness, design effective responses to specific situations and
requirements.
Space assets can also help to reduce underlying factors, through monitoring.
Most policies focus on the automatic analysis of satellite data to provide information products and analyses
for more effective disaster risk reduction and conflict prevention, as well as evaluating the needs for post-
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disaster response, recovery and reconstruction planning. The first consideration to note for policy makers
would be that the disasters are no longer confined in jurisdictional limits but becoming global challenges.
MENA regions’ goal is improving human security during disasters including prevention, preparedness, early
warning, response, and reconstruction, and therefore determining the priorities of the countries in the region
on country basis as well as the community basis, meaning intergovernmental meetings and workshops, as
well as mission specific teams to use improved disaster risk reduction and emergency practices, including
space technologies can be created.
Thirdly, to bridge the gaps between spacefaring and non-space faring states, technical advisory support
teams can be created and via several practices including gaming, or workshops, science and technology
requirements as well as the knowledge sharing practices can be developed.
Natural disasters are becoming more and more severe every year, but various technologies can help minimize
the damage they cause. Space information technologies in observing the variability of nature and changes in
the Earth system have increased substantially over the past few decades.
Another important point is the type of “data” to extract and follow, since the data that forms the basis for
evacuation orders and advice by municipal and district authorities must include not only weather
information, but also information such as increase in river levels and danger of landslides.
Despite the importance of space information technologies for disaster management and the participation of
a number of national and international organizations in promoting the use of space for disaster prevention,
early warning, and management, are relatively known and lack of necessary frameworks bridging gaps
between communities, industry, governments and developing knowledge of how space technology is used
to prepare, respond, and recover from disasters.

Conclusion
Space has become an important source of safety and security on the planet, and space-based assets provide
the data, which is necessary for the modern economy, security and resilience.
The MENA region has the youngest population and limited resources. The reach for space assets and data is
limited and due to limited connectivity, which urges to look for a new approach; one that not only has a
hands-on approach but provides preventative measures to manage such risks.
To achieve such earthly objectives, space technology can provide critical knowledge and contribute to
profitable innovations that will assist in an extensive understanding of the current and possible global
challenges.

1.3 Disaster Management in North Africa: Space Capabilities
(Ms. Rania TOUKEBRI, Space Generation Advisory Council, Tunisia)

Introduction
Disasters are increasing Worldwide and are becoming more devastating
with time. The global economic losses have been estimated at $370US in
2011. In order to better support the decision making bodies, Space based
Earth Observations are delivering a growing amount of data. The Disaster
risk management actions are executed in different steps within the disaster
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management cycle, including: the prevention; preparedness and crisis management and post-crisis
management.

Disasters in North Africa
The average number of disasters tripled since 1980 in North Africa. The most frequent disasters in the region
are floods, earthquakes, storms and droughts. Floods represent around 53%. Droughts and storms represent
around 10%, recurrently hit the region, bringing significant water shortages, economic losses, and adverse
social consequences.

Disasters in Risk Management Operations (Categories)
Disaster Risk Management consists of applying strategies using instruments to reduce existing disaster risk,
compensatory disaster risk management, corrective disaster management, prospective disaster
management and community-based disaster risk management.
Disaster management addresses disasters over time. Four distinct phases have been widely adopted:
mitigation, preparedness, response and recovery.

Figure 2: Disaster Risk Management Description

Space
for Disasters Management (EO Applications)

Technology

Earth Observation Satellites have been used for the post-disaster response, damage assessment recovery
and mitigation, data collection and data processing have been widely used for this purpose. EO data are a
key transition of the Fourth Industrial Revolution and the way we access and use this data to support a quick
response to these critical challenges has evolved through time.
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1. International Support:
Instead of developing expensive space technology, North African countries rely on the support of space faring
countries capabilities through international organizations and commercial space industries.5
1-1 International Charter:
The Charter allows resources and expertise to be coordinated for rapid response to major disaster situations,
thereby helping civil protection authorities and the international humanitarian community. Pre-defined
disaster risk management authorities from all over the world are able to submit direct requests in the
immediate disaster response phase.
1-2 Copernicus Program (EU):
Among the used space capabilities for disaster management, the Copernicus program is the most efficient
one globally and particularly in North Africa. Copernicus is the name for the Global Monitoring for
Environment and Security program of the EU. Based on satellite and in situ observations, Copernicus delivers
near-real-time data and services on a global level, which can also be used for local and regional needs, to
help better understand our planet and sustainably manage the environment. The Copernicus Emergency
Management Service (EMS) uses satellite imagery and other geospatial data to provide free-of-charge
mapping services worldwide, in cases of natural disasters, human-made emergency situations and
humanitarian crises. The Rapid Mapping service (RM) consists of the provision of geospatial information
within hours or days immediately following a disaster, while Risk & Recovery Mapping (RRM) consists of the
on-demand provision of geospatial information in support of Disaster Management activities not related to
immediate response.
Among the satellites used for disaster management within the Copernicus program there is:
SENTINEL-1 that works on analyzing earthquakes and managing floods. The Sentinel-1 repeat orbit interval
of six days for the constellation, along with small orbital baselines enables the implementation of cross-SAR
interferometry (InSAR) by combining data acquired by Sentinel-1A and B from repeat-pass orbits. The data,
acquired shortly before and after an earthquake, respectively, can be combined, along with using terrain
height information.

5

https://www.researchgate.net/publication/328095061_Using_space_for_disaster_management_in_emerging_space_states_A_critical_assessment

MENA: Space Capabilities and Security Challenges
NATO Strategic Direction-South Hub

19

2. Local Capabilities
2-1. Existing Bodies for Disaster Management in North Africa:
Morocco
The Royal Center for Remote Sensing (CRTS) is the national institution responsible for the promotion, use
and development of remote sensing applications in Morocco. CRTS uses operational systems to collect,
produce and analyze data from Earth observation satellites and other sources.
Tunisia
The National Remote Sensing Center: a public institution in the core of geographical information. Since the
beginning of 2004, the CNCT engaged in a strategic step going in parallel with the widening of CNCT’s
attributions to topography and cartography (basic and thematic).
Algerian Space Agency
ASAL propose to the Government the elements of a national strategy in the field of space activity and ensure
their implementation. It implements the annual and multi annual programs to develop national space
activities related to the various sectors concerned and to ensure the monitoring and evaluation.
Libyan Center for Remote Sensing and Space Science
The Libyan Center for Remote Sensing and Space Science also known as LCRSSS, established in 1989, is a
governmental research organization dedicated to the researches in remote sensing, space, and earthquake
sciences, currently with more than 5 research stations.
2-2. Comparison of Space Capabilities in North African Countries
The North Africans have different space capabilities. In this section we will go through the space capabilities
of the North African countries. Algeria and Morocco managed to launch their own satellites to cover the most
urgent national matters. Tunisia on another level is improving its capabilities of data services by processing
data and using Copernicus Satellites data covering droughts and floods. Libya is still behind and lacks support
to provide space products and services.
Tunisia Case:
Tunisia did not yet launch its own Satellite for disaster management purposes. However the data processing
has been way improved! In Tunisia, floods are the most widespread natural hazard mainly in the Medjerda
watershed.
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As an example we take the Case study of Medjerda Basin, northern Tunisia by Flood mapping using hydraulic
modeling and Sentinel-1 image. The study used Sentinel-1 data acquired on 28th of February 2015 after the
flood of 22th of February 2015. Sentinel-1 sensor belongs to the European Space Agency and was put in orbit
in 2014 and available via the Sentinel online website.

Figure 3: Location of the Medjerda watershed (Tunisia part).

Algeria Case:
Alegria launched AlSat-1. AlSat-1, the first
Algerian national satellite of seven
microsatellites in the Disaster Monitoring
Constellation (DMC), was launched in
September 2002. In a constellation with six
other satellites, Algeria was able to access
global images for daily global disaster
mitigation,
national
remote
sensing
applications, commercial space exploitation
and international co-operation with both
developed and developing countries.
Figure 4: AlSAT-1 image of the Western United States (600 x 570 km,
32 m GSD, [NIR, R, G])
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Morocco Case:
Morocco launched a satellite on 20 November 2018 which aims
to assist with a range of tasks including the prevention and
management of natural disasters, monitoring changes in the
environment and desertification, as well as border and coastal
surveillance.
The satellites can help Morocco to mobilize resources in cases
of natural disasters such as earthquakes and fires through
better mapping of affected areas. The satellites will also be
able to gather information on droughts and floods.
2-3. Sustainability
Space Technology should be extremely used for Disaster Risk
Management DRM on local and regional level. Governments
Figure 5: Planimetric and Altimetric Mapping of
Mohammed-VI satellite.
and local agencies are not usually aware of their benefits in
space capacities until a major event occurs. Local and regional Space Capabilities should be developed to
have a sustainable management of the potential risks, taking into consideration the economic and human
losses.
2-4. Regional Collaboration Capabilities as a Potential Solution
Sentinel Asia is a perfect example to consider fostering the regional capabilities for the common interest of
North African Countries.
Sentinel Asia is a regional collaboration initiative in the Asia Pacific region organized through the Asia Pacific
Regional Space Agencies Forum (APRSAF) international bodies (like UN) and DRM Communities (Asian
Disaster Reduction Center, ADRC) with regional Space Agencies.
2-5. Effectiveness of Space Capabilities
Downstream
Data Analysis and processing is one of the most critical operations in Disaster Risk Management. Maps or
Web-GIS portals are used as the means to communicate among DRM partners. New sensors and data
processing are appearing, the downstream operation should be adapted to these updates and ready to use
the technology at its full potential.
Midstream
Satellite Ground operations are crucial to access Space data for DRM. Efficient Ground Operations are needed
to decrease the response time required in case of emergencies.
Upstream
The target acquisition time should be as close to the disaster occurrence time as possible. However the North
African Countries operate with one or two satellites, which is not sufficient. Additional data provided by
international collaborators (e.g Copernicus) should be provided to support the response. For this, regional or
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international multilateral collaborations should be considered. Satellite Constellations are also considered as
an optimal solution.

Recommendations
1. Improvement of capability Building, Education, and Knowledge Sharing: To manage risks, policy and
legislative development, training, and knowledge sharing,
2. Hazard and risk assessments,
3. Design and implementation of structural and nonstructural DRM measures,
4. Response, Recovery, and Reconstruction
5. Improvement of Space capabilities quality/cost by using microsatellites

Conclusion
Disaster Risk Management is considered a major justification for establishing space programs in North African
Countries. It is extremely important to recognize the needs of each country and find adapted solutions for
the disasters. The continuity and sustainability of the space program are extremely important and the
optimization of space resources should be highly considered.

1.4 UAE Case Study: Disaster Management and Space Sustainability
(Mr. Abdullah ALMARAR, United Arab Emirates Space Agency)

Introduction
Space utilization plays a vital role in monitoring weather, climate change, and
the environment, management of natural resource, crises and disaster
management, and rescue and humanitarian aid programs. In addition, many
capacities and advanced technologies that were developed for space have been
widely used in other domains such as medicine, energy, manufacturing and
others. Hence, the space sector has become a source of advancement of
technologies, promoting innovation and inspiration for young generation.
The continuous efforts of the UAE comes from its deep value and recognition of the essence of space and its
significant impact on improving human lives on earth, and its role in general as a driver for socio-economic
sustainable development at the national and global scales.
In the area of better understanding of our planet, and support the international challenges such as climate
change, food security and environment studies to predict crisis, UAE have launched several space programs
and initiatives supporting the global efforts i.e. Launching of Earth Observation satellites i.e. DubaiSat-1,
DubaiSat-2, KhalifaSat, MeznSat, DMSat, and MBZSat (currently being developed).
Images from satellite supports in assessing disaster relief teams to determine how to manage rescue efforts
during catastrophic natural, or even man-made, disasters. As an example, DubaiSat-1 provided images of
different areas of the world hit by natural disasters. Following the 2011 earthquake that hit Japan, DubaiSat1 provided images to assist rescue operations and assess the damage caused by the earthquake and
subsequent tidal waves (tsunami). The figure below presents an image of Japan captured by DubaiSat-1
satellite on the 19th of March 2011. Visual inspection showed signs of buildings destruction and soil erosion
caused by the tsunami wave. The image doesn’t show any major damage to the airport itself; however it can
be observed that most areas on the coastal side have been wiped out. In addition, DubaiSat-1 to include
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them in their projects sand by guiding them on using different image processing techniques. On the
international level, DubaiSat-1 images were provided during the flooding that occurred in Pakistan.

Followed by KhalifaSat (a remote
sensing
Earth
observation
satellite, was put into orbit via a H2A rocket which lifted off from
Japan in 2018). KhalifaSat aims to
assist with a range of tasks
including aiding relief efforts after
disasters. These highly-detailed
images aim to help governments
and private companies across the
globe with a range of tasks
including disaster relief efforts,
Figure 6: (L) Google Earth / (R) DubaiSat-1 Image
climate change, environmental
protection and urban planning. KhalifaSat is also is expected to provide detailed imagery of the ice caps at
the North and South Poles, helping to detect the effects of global warming.
Detecting of Flood in Indonesia, the
Heavy rainfall since 12 July caused
three rivers on Sulawesi Island - the
Masamba, Rongkong and Mely - to
overflow. Indonesian National
Institute of Aeronautics and Space
(LAPAN) requested Sentinel Asia
activation. MBRSC have supported
in providing imageries from space
of the flood.
The UAE's MeznSat, a national
project in partnership between
UAE Space Agency, American
University of Ras Al Khaimah,
Figure 7: Detected Flood Water in Indonesia
(AURAK) and Khalifa University (KU).
A nanosatellite, MeznSat weighs around 2.7kg, and measures 10cm x 10cm x 30cm. A team of KU
postgraduate students and AURAK undergraduate students will monitor, process and analyse the data sent
to the ground station at KU’s Yahsat laboratory and the supporting ground station at AURAK. The UAE’s
MeznSat is studying and detecting the Greenhouse Gas, GHG, concentrations, carbon dioxide and methane,
using shortwave infrared spectrometer.
The MBZ-SAT has been pivotal in supporting the local space industry, with 90% of the mechanical structure
and 50% of the electronic modules being built in the UAE. MBRSC has actively engaged with regional
companies in an effort to build a local hub for space-related manufacturers. It has also partnered with local
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companies to manufacture and supply the components of MBZ-SAT, which will be launched by the end of
2023.
MBZ-SAT, which is the second Emirati satellite to be built by a team of Emirati engineers after the KhalifaSat,
will be equipped with an automated system for arranging images round-the-clock, ensuring that it provides
the highest quality standards of satellite images intended for commercial use globally. The satellite will
improve image capture resolution by more than double compared to the previously launched system. It will
also increase the downlink data transmission speed by thrice the current capacity. The fully automated image
scheduling and processing system of MBZ-SAT will also be able to produce more than 10 times the images
the Centre produces currently.
In addition to the downstream program for
utilizing space assists to create scientific studies
and value-added services. Last year, UAESA
launched a competition under the umbrella of
the Space Analytics and Solutions (SAS)
programme was announced in Expo 2020
Dubai’s Space Week and has been launched in
partnership with the UAE Ministry of Climate
Change and Environment (MOCCAE), which is
also responsible for food and water security. It
aims to find technically feasible, scalable and
innovative ideas using data gathered from outer
space to create services that support agricultural
or environmental practices. This could be using
Figure 8: Uses of MBZ-SAT
data to map and monitor greenhouse gas
emissions or analyzing soil moisture levels to boost crop yields. Climate change and food security are two of
the world’s biggest challenges. In 2019, atmospheric carbon dioxide concentrations were higher than at any
time in at least two million years, while close to 750 million – nearly one in 10 people around the world –
were exposed to severe levels of food insecurity during the same year. Urgent action is needed to address
both issues and the UAE Space Agency aims to find solutions to tackle them.
The UAE is a member of International Charter Space and Major Disasters. The International Charter aims at
providing a unified system of space data acquisition and delivery to those affected by natural or man-made
disaster. Authorized user can access and request assistance for emergencies in their own country, or in
another country they cooperate with for disaster relief. The United Arab Emirates has stated its readiness to
contribute by sharing images and data collected by the DubaiSat-2 satellite, and KhalifaSat in 2018.
Moreover, UAE’s national space key players i.e. the Mohammed Bin Rashid Space Centre (MBRSC) who
operates these satellites have joined Sentinel Asia with the goal of supporting disaster management in the
Asia-Pacific region through the means of providing high-resolution satellite images.
In November 2018, in partnership with UNOOSA, the UAE held a high-level forum on using space as a tool for
sustainable development and signed an agreement on the peaceful uses of outer space (Space Security Index,
2019). The country is committed in supporting the international efforts in achieving long-term sustainability
goals of our earth and in space.
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In 2020, UNOOSA, with a support from the UAE Space Agency (UAESA), established an ambitious initiative to
inject new energy into the global discussion on space sustainability. Looking at both the policy side of
promoting sustainable space activities in space, as well as using space technology for sustainable
development on Earth, the Space Sustainability Initiative unites the international space community to put
sustainability at the heart of the global space sector.
For the UN’s Sustainable Development Agenda, this increasing magnitude of space based infrastructure is
having a huge impact on global socio-economic development. Joint UNOOSA and European Union research
show that around 40% of the 169 targets behind the 17 Sustainable Development Goals (SDGs) benefit from
the use of Earth Observation and Global Navigation Satellite Systems. With telecommunication satellites
included, this statistic rises even further. In this context, more countries are accessing space services,
information and data to accelerate their sustainable development, including the implementation of the 17
SDGs, the Paris Agreement and the Sendai Framework for Disaster Risk Reduction.

2. Panel Two: Human-made Disasters and Technical Responses
2.1 Surveillance of Nitrogen Dioxide via Spaceborne Sentinel-5P
Satellite across the Kingdom of Bahrain
(Ms. Shaima ALMEER, Bahrain National Space Science Agency)

Introduction
The Kingdom of Bahrain is a West Asian archipelago of thirty-three natural
islands and reefs. Presently, Bahrain’s population is estimated to have a
density of 2239 per Kilometer Square (Km2), equaling it to 5,799 people per
Mile Square (Mi2), in a total land area of 760 Km2.6 With the rapid increase
of population, the commandment for urbanization and transportation increases, leading to a boost in air
pollution with negative impacts on the quality of environment and human health. The World Health
Organization (WHO) has estimated that almost four million individuals die every year because of exposure to
air pollution Worldwide.7
Particulate matter (PM), sulfur dioxide (SO2), nitrogen dioxide (NO2), ozone (O3), carbon monoxide (CO),
and carbon dioxide (CO2) are the most frequent air pollutants we encounter on a daily basis. Severe health
issues could arise out of elevated concentrations of O3, PM, and NO2 close to the Earth’s surface. NO2 is a
key contributor to air pollution on ground-level, as it primarily radiates from fossil fuel combats,
transportation, power planets and industrial discharges.
The Air Quality Index (AQI) scale of the Kingdom of Bahrain has scored a number of 112 in its Particulate
Matter (PM) 2.5 AQI, making it one of the most polluted and unsafe countries in the Middle East region, in
accordance with the World Health Organization’s guidelines.

6

Worldometers. (2020). Bahrain Population. Retrieved from Worldometers: https://worldometers.info/world-population/bahrain-population/
Roser, M. (2021, November 25). Data Review: How many people die from air pollution? Retrieved from Our World in Data:
https://ourworldindata.org/data-review-air-pollutiondeaths#:~:text=WHO%3A%204.2%20million%20premature%20deaths,(or%20ambient)%20air%20pollution
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Sandstorms, industrial pollution, vehicle transportation and fertilizer production are all components that
contribute to Bahrain's poor air quality. Seasonal fluctuations occur, with the greatest levels in June and July
and the lowest levels in December and January.
Since the beginning of 1995, organizations have been monitoring the NO2 level from satellites orbiting the
Earth. The Global Ozone Monitoring Experiment (GOME) was the first satellite used to observe pollutant
levels at the stratosphere and troposphere. Subsequently, the National Aeronautics and Space
Administration (NASA), launched the Ozone Monitoring Instrument (OMI) in 2004. Later, the European Space
Agency (ESA) launched the Tropospheric Monitoring Instrument (TROPMI) on-board of Copernicus Sentinel5 Precursor (Sentinel5-p) in 2017. The key mission of the Sentinel-5p is to carry out atmospheric
measurements with high spatial-temporal resolution, which will be utilized to monitor air quality and air
pollution.
This study utilizes data from Sentinel5-p to analyze the correlation between the NO2 level in the atmosphere
and the population statistics in the Kingdom of Bahrain.

Data and Methods
There are several different atmospheric sensors, which the Dutch have been designing and constructing. The
sensor utilized in this project is Tropomi, which is known to be the highly developed multispectral imaging
spectrometer to date. Tropomi was built in conjunction with the European Space Agency (ESA) and the
Netherlands Space Office.8
The sensor optimized examines sunlight that is spread back to space through Earth’s surface as well as
atmosphere, identifying the distinctive patterns of fumes in various segments of the spectrum. Resulting in
an extremely precise array of contaminants together with a resolution as extreme as 7 kilometers x 3.5
kilometers.
Figure 10 illustrates the NO2 emission over
the Kingdom of Bahrain in May 2019.
Whereas Figure 11 shows the emission that
was observed in May 2022, captured from
Earth Observation Browser.
Subsequently, the outcomes of the statistical
study were compared with the number of
residents in each of the four governorates in
the Kingdom of Bahrain. According to the
population data utilized from the Information
and eGovernment Authority in Bahrain, it has
been observed that the total population was
1,504,365 in 2021.9

Figure 9: Tropomi May 2019

Figure 10: Tropomi May 2022

8

ESA. (2022). Tropomi. Retrieved from The European Space Agency: https://www.esa.int/Applications/Observing_the_Earth/Copernicus/Sentinel5P/Tropomi
9 iGA. (2021). Bahrain Open Data Portal. Retrieved from Information and eGovernment Authority: https://www.data.gov.bh/en/ResourceCenter
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Figure 11: Bahrain's Population in 2021

Discussion
Based on the data acquired and analyzed above for the year
of 2019, the Southern governorate has recorded the highest
emission concentrations of NO2, however, in terms of
population it is the 3rd top. However, this was expected due
to the number of refineries and manufacturing factories,
such as Alba, Bapco, Tatweer, Bana Gas, etc.
The second highest NO2 emissions come from Muharraq
governorate, whereas, in terms of population, it has the
least population among all four governorates. This is logical,
because the Bahrain International Airport, Marine Port and
Hidd Industrial Area is located in that specific governorate.
Nevertheless, it has been noticed that 42% of the NO2
emissions spread from transportation means such as road,
air and marine.10
The Capital governorate has the highest population of all,
yet, it is considered to have the third highest ranking in
regard to NO2 emissions. This could be due to the fact that
the Capital governorate is considered to be a primarily
residential area.
Lastly, comes the Northern governorate, which holds the
2nd rank in terms of population. However, it shows a similar
NO2 value to the Capital governorate. The Northern
governorate is considered to be an extremely cultivated
10

Figure 12: Bahrain's Population per Governance in
2021 Map

Holly Reid, J.A. (2017). Staggering reductions in atmospheric nitrogen dioxide across Canada in response to legislated transportation emissions
reductions. Atmospheric Environment.
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area, therefore, even though the population and the number of vehicles is high, the plants would certainly
aid in enhancing the air quality.
In 2021, HRH the Crown Prince and Prime Minister of the Kingdom of Bahrain, Prince Salman bin Hamad
Alkhalifa has announced and promised a future of net-zero economy. He further stated that Bahrain’s
objective is to incorporate carbon removal solutions by magnifying mangrove coverage, multiplying tree
coverage as well as directly financing in carbon capture technologies by 2035.11
Having this vision in mind and as part of
the
Forever
Green
campaign,
introduced through the National
Initiative Agricultural Development
(NIAD), 22 locales around Bahrain will
have more than 50,000 trees and
shrubs planted on an area of over
70,000 sqm.12
The Undersecretary for Municipal
Affairs of Bahrain has also stated that
the team has planted around 400 trees
in various areas in the year of 2022.
With all the projects that the
government of Bahrain has been
initiating, the air quality of the year
2022 has been highly improved. Figure
6 shows an extreme improvement in
comparison to 2019.

Figure 13: Tropospheric Vertical Column of NO2 in May 2019

Conclusion
In this research, we examined the
correlation of the tropospheric NO2
retrieved from the newly launched
Sentinel-5 Precursor, a low-earth orbit
atmosphere mission, committed to
monitoring air pollution and the
Figure 14: Tropospheric Vertical Column of NO2 in May 2022
population density over Bahrain from
2021. For this research, the mean NO2 value collection from May 2019 and May 2022 and the statistic
population data from 2021 were used. The outcomes showed an insignificant association between the
population density and the maximum NO2 values. For upcoming experiments, it is commended to examine
the relationship of other air pollutants with population and other considerations participating to air and
environmental pollution.

11

Alkhalifa, H.P. (2021). HRH the Crown Prince and Prime Minister delivers speech at COP26.
BTM. (2022). Over 50,000 Trees to be Planted in Bahrain. Retrieved from Bahrain this Month:
https://www.bahrainthismonth.com/updates/news/over-50000-trees-to-be-planted-in-bahrain
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2.2 Oil Spill Detection System in the Arabian Gulf Region: Using
Google Colaboratory Approach
(Ms. Aysha ALHAJERI, Bahrain National Space Science Agency)

Introduction
Marine oil contamination is deemed to be a key risk to oceanic, shore
ecologies, as well as human-related events. Collisions at seaward oil
penetrating platforms can inflame serious oil spills. However, prohibited leaks
of ballast along with tank maintenance greasy deposits from oil tankers as well
as vessels are the primary causes of comparative contamination incidents. The exposure of oil slicks along
with initial caution of the subsequent agencies is crucial to mitigate the ecological disaster, monitor the oil
spill distribution and guarantee that no human lives are in risk. Remote sensing has a vital position in relation
to this purpose because appropriate methodologies can advance useful observing of marine surroundings
and aid the oil spill recognition.
Additional certain, SAR equipped on satellites is contained of the most conventional sensory kit in marine
remote sensing systems. SAR is a microwave-centered machinery, radiates radio signal rhythms and obtains
their image to gain an interpretation of the objective view, broadly known as SAR images. The sensor is
regarded as a perfect alternative owing to the all-weather conditions and varying illumination situations
successful procedure, as well as its robustness to cloud occlusions. One of the primary qualities of oil
stretching across sea surface is that it reduces the vessel waves, the backscatter radio signals are silenced.
Thus, oil spills are described as black places, differing to the lighter areas which are typically associated with
pristine contaminated sea areas.
Due to the significance of the corresponding topic, the following study, emphasizes on identifying oil spill in
the Arabian Gulf area by way of employing a subset of Machine-Learning: neural networks code in Python
upon a cloud-based computing program: Google Colaboratory. This methodology is observed and assessed
based on training as well as verifying various datasets from SAR imageries.

Data Collection
The proposed solution in this paper was implemented using SAR imageries and data sets, collected from
SENTINEL-1 satellite due to its availability in providing imageries in all weather conditions, during day and
night cycles. In addition, it is well-known that SENTINEL-1 data can also be used in implementing many
effective applications in different key areas such as maritime monitoring, land monitoring, and emergency
services, and that is all due to the fact that SENTINEL-1 includes many advantages such as high reliability,
increased revisit time, high geographical coverage, and quick data delivery (Copernicus, n.d.). Moreover, SAR
imageries resolution varies based on the level of processing and the acquisition mode, the acquired data in
this paper was using interferometric wide swath (IW) mode, in the high-resolution Ground Range Detected
(GRD) structure as provided by the ESA (ESA, n.d.).
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Figure 15: Positive Oil Spill from ESA SAR imagery
(Cyan = Spill Pattern, Yellow = Reflections)

Figure 16: Negative Oil Spill from ESA SAR
imagery (Cyan = Spill Pattern, Yellow =
Reflections)

Experimentation and Discussion
Our proposed solution using the Machine-Learning:
neural networks code in Python was implemented
based on 213 images, which were a collection of
negative and positive oil spills used for both training
and validation purposes for the detection system.
The code was built using Google Colaboratory
notebook, a cloud-based platform which enables
users to build, run a Python code and assess the
results.
In addition, building the detection code procedure
went through a certain workflow as it’s shown in
Figure 18: The first steps during the code
implementation were to upload SAR datasets that
been collected for the study into the Colaboratory
notebook. This could be done only by uploading a
zip folder which contains two sub folders, Negative
and Positive Oil Spills imageries. Then, prepare a
code that enables the extraction of this zip folder
and allows to import the images out of it.
After that, plot and display the imported images in
order to visualize the data then create two
directories: Train and Validation Directories. The
purpose of creating these directories is to assign
which images out of the positive and negative oil
spills will be evaluated as training images and which
will be evaluated as validation images.
The first steps during the code implementation
were to upload SAR datasets that been collected
for the study into the Colaboratory notebook. This
could be done only by uploading a zip folder which Figure 17: Oil Spill Detection System Implementation Workflow
contains two sub folders, Negative and Positive Oil
Spills imageries. Then, prepare a code that enables the extraction of this zip folder and allows to import the
images out of it.
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After that, plot and display the imported images in order to visualize the data then create two directories:
Train and Validation Directories. The purpose of creating these directories is to assign which images out of
the positive and negative oil spills will be evaluated as training images and which will be evaluated as
validation images.
Figure 17 shows the Tensorflow and Keras model used which includes different convolution filters, pooling
and flatten features. Then, it is recommended to rescale the images to a certain scale for example 1./255
for easy visualization.

Figure 18: Tensorflow and Keras Models

Figure 19: Model Summary

Lastly, import the ImageDataGenerator and use train generator & validation generator to flow the relevant
images for each in 20 batches then run the generator model for both train generator & validation generator
and check the accuracy level of the oil spill detection system.
The results showed a great level of accuracy reached up to 90.27% which indicates that the developed
algorithm was trained and validated on the right models of neural networks that could distinguish between
positive oil spills and negative oil spills successfully.

Figure 20: Accuracy Level of Oil Spill Detection System Results
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Conclusion
Oil spill encompasses one of the key risks for the ocean as well as the coastal ecosystem, therefore, effective
observations and immediate alerts are mandatory. Contemplating the difficulty of oil spill recognition, SAR
sensors have utilized to successfully develop an artificial intelligence model with an accuracy of 90.27%.
Where the model was trained and tested upon past data to reach this level of accuracy, thus, aiding Bahrain’s
government to take the necessary actions proactively.

2.3 Machine Learning Based Model for Manzala Lake Monitor Using
Satellite Images
(Mr. Ahmed EL-SHAL, Egyptian Space Agency)

Abstract
Most lakes around the world need to be monitored and cleaned regularly to
maintain lake water quality. Where water quality is an important parameter for
the marine life ecosystem. As a case study, Lake Manzala located in Egypt
suffered from a lot of hazards. These hazards can be classified as natural hazards and man-made ones. The
natural hazards can be the plants that appear inside the lake, whereas the man-made ones can be the
constructions and buildings inside the water.
Satellite images are one of the most important data resources that enable scientists to monitor these lakes
and their parameters (NDVI, NDWI, NDUI, etc.) remotely in automated methods using Machine Learning (ML)
techniques. These techniques have the ability to extract features automatically from satellite data.
In this research, we propose using an ML model that can extract features from satellite images in order to
distinguish between objects inside the region of the Egyptian Manzala Lake. Using Landsat-8 and Sentinel-2
satellite images from 2014 to 2022, to study the change that happened due to different hazards in Manzala
Lake, enabled the identification of three main objects inside the lake region (water, plant, construction) and
these objects are classified efficiently and the change of object’s area is calculated as well.

3. Panel Three: Public Health Disaster Management
3.1 Public Health Disaster Management Using Satellite
Technologies and the Case of Africa
(Mrs. Malak TRABELSI LOEB, Vernwelle Management Consultancies)

Introduction
Space-based capabilities have been channeled into preserving the
environment,13 protecting biodiversity, enabling education, managing the
weather, conducting agricultural activities, and responding to disasters.14
Historically, the first time an international cooperative effort using satellite
technologies (Sat-Tech) in the management of a large-scale public health
disaster was under the "International Charter on Space and Major Disasters" (Charter) in West Africa during

13

Simonetta Di Pippo, The Contribution Of Space For A More Sustainable Earth: Leveraging Space To Achieve The Sustainable Development Goals,
Global Sustainability (GS) 2 (2019), 1-3, p1.
14 UN General Assembly resolution, UNGA A/RES/70/1, Transforming our world: the 2030 Agenda for Sustainable Development September 25,
2015, paragraph 76, p 32.
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the Ebola Virus Disease (EVD) outbreak. Since then, an emphasis emerged on the Sat-Tech use in public health
crisis management, stressing the role of effective governance to avoid or reduce potential losses from
hazardous risks, assure immediate and appropriate assistance, and ensure an effective and rapid recovery.
For instance, the need for effective institutional governance in public health emergency response, the
importance of international cooperation and the critical role of Sat-Tech have gained momentum since the
Covid-19 outbreak. Such an aim will be demonstrated first using the Charter in tackling the EVD, and second,
the effective deployment of Sat-Tech by depicting how China used the same along with other new
technologies, like robotics and the Internet of Things (IoT). The case study highlighting one of the most
technologically advanced countries, which is also well known for its robust governance and authoritarian
regime, calls to briefly discuss how African countries could manage public health crises considering their
space capabilities.

Satellite Technologies and Disaster Management
While climate change is a "threat multiplier" impacting human security, food security, and economic
security,15 the world has been facing public health disasters and may have similar impacts and could be
managed through Sat-Tech. This section will address the international cooperative framework to mitigate
large-scale disasters under the Charter and the use of Sat-Tech under its scope, which will lead to discussing,
in the next section, its use in the case of public health disasters in West Africa.

Disaster Management and Cooperative Framework Using Satellite Technologies
Sat-Tech helps allocate, analyze, contain and mitigate disasters under the Charter's first international
framework for satellite remote sensing in disaster management in 2000. The latter enables worldwide
humanitarian cooperation to respond to large-scale disasters using satellite data rapidly.16 United Nations
Office for Outer Space Affairs (UNOOSA) and United Nations Institute for Training and Research's United
Nations Satellite Center (UNOSAT) are Authorized Users (AUs) to enable United Nations relief agencies
humanitarian aid upon the occurrence of a natural or technical disaster anywhere in the world, as well as
Sentinel Asia and the European Commission's Copernicus Emergency Management.17 The activation process
is precise and follows specific steps, as presented in the following figure.

15

Werrell, Caitlin E., and Francesco Femia, Climate Change as Threat Multiplier: Understanding the Broader Nature of the Risk (CCS) 25 (2015).
However, the notion of “Climate Change as a Threat Multiplier” was introduced in the 2007 CNA Military Advisory Board (MAB) Report on climate
security which at that time elaborated the nexus between climate change and security.
16 UNOOSA, UN-Spider Knowledge Portal, Space Based Information For Disaster Management and Emergency Response: The International Charter
Space and Major Disasters, UNOOSA, 2020. (Last accessed on 30 May 2022) https://www.un-spider.org/news-and-events/news/internationalcharter-space-and-major-disasters-marks-20th-anniversary
17 International Charter Space and Major Disasters, About the Charter, 2022. (Last accessed on 28 May 2022)
https://disasterscharter.org/web/guest/about-the-charter
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Figure 21: International Charter Space and Major Disasters, How the Charter Works, 2022.

The Charter has adopted "Universal Access" since 2012 to disaster management authorities, enabling
national disaster management agencies’ aid as it will be highlighted next along with the conditions of use.

Conditions and Criteria to a Universal Access to the Charter
National disaster management agencies can register and benefit from the Charter's aid if they are a country's
national disaster authority or designated agency, capable of downloading and using maps, and able to file
the request and follow its activation request in English. Furthermore, the agency or a delegated entity must
have a national mandate to coordinate emergency response measures in the country. The Charter's content
should be remotely sensed images or derived information products such as crisis or damage assessment
maps. Additionally, the activation request must be supplied during an activation request, including the date
and time of catastrophe occurrence, the impacted region with geographic coordinates, type of hazard, and
the contact person's name for any communication with the designated Charter team.18
Nonetheless, it is critical to note that the Charter is activated only upon meeting precise cumulative
conditions. First, the disaster must be of a natural or technological origin, and second, the request must be
made within ten days from the disaster's occurrence. The Charter is only activated when a sudden event or
situation significantly impacts the environment, lives and infrastructure. However, the Charter's use is limited
due to its mandate limitation, and the granted support shall not exceed four weeks.19 Using Sat-Tech under
the Charter framework require a prompt support and a well-defined procedural framework to mitigate
disaster risks efficiently.

18

International Charter Space and Major Disasters, Future of the Charter, 19 January 2022. (Last accessed on 28 May 2022)
https://disasterscharter.org/web/guest/-/future-of-thecharter?redirect=https%3A%2F%2Fdisasterscharter.org%2Fweb%2Fguest%2Fhome%3Fp_p_id%3D101_INSTANCE_wXneVGJumy2r%26p_p_lifecycl
e%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-3%26p_p_col_count%3D1
19 Courteille, Jean-Claude, International Charter for Space and Major Disasters Space and Major Disasters’ Space Based Information in Support of
Relief Efforts After Major Disasters’, UNOOSA, 2015.
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Disaster Management Framework under the Charter
The emergency team analyzes the situation to decide its eligibility for action under the Charter after the
request. Once approved, an immediate acquisition plan is implemented, and adequate satellite command
and surveillance are used to monitor the disaster's evolution and transmit the collected data for analysis and
reporting.20
The efficiency of the Charter hinges on the timely response, and thus time is of the essence. The average
overall satellite Emergency response time - from mobilization to the first product from 2000 to 2014 - was
reduced from 4.5 days in 2006 to 2.5 days in 2014.21 JAXA capability is one of the best examples to be
highlighted. JAXA's "ALOS-2" approval to an emergency observation request is granted within the hour before
the "command uplink." Upon the approval, automated data analysis is made within the next two hours, and
the provision of the information on the area of the disaster may be provided within five hours. ALOS-2
capabilities also encompass night observation rendering the emergency response more efficient since it is
useful to managing the following day's report.22 The Charter is often used in environmental disasters, such
as large-scale oil spills and massive wildfires. However, public health disasters also fall under the Charter's
scope, as it will be addressed next.

Satellite Technologies and Health Disaster Management
In 2005, the World Health Organization (WHO) reformed the International Health Regulations (IHR), which
entered into force on June 15, 2007, after the 2003 severe acute respiratory syndrome (SARS) failure in early
reporting. The amended international instrument imposed a framework to maintain global public health
security. The IHR established rules and procedures compel states' parties to uphold global disease
management standards to detect, report, and respond to outbreaks. In the following years, large-scale health
disaster outbreaks have induced more stakeholders to deploy sophisticated disease preparedness tools,
cooperation means, and risk mitigation procedures to contain large-scale outbreaks using Sat-Tech.23 The
latter's use is essential in health crisis management, particularly in the case of epidemics.

Satellite Technologies Use in Public Health Crises: The Case of EVD and Covid-19
Amidst the EVD spread in West Africa,24 the "US Geological Survey" has activated 2014 the Charter on behalf
of the "US National Geospatial-Intelligence Agency". It enabled the use of Sat-Tech for the monitoring and
rapid response to mitigate the risks of the EVD outbreak in "Sierra Leone". Consequently, the Charter was
activated for the first time to manage a public health crisis due to an epidemic enabling a worldwide
collaboration.25

20

UNOOSA, UN-Spider, Knowledge Portal, Space Based Information for Disaster Management and Emergency Response: The International Charter
Space and Major Disasters, UNOOSA, 2019. (Last accessed on 30 May 2022) https://www.un-spider.org/international-charter-space-and-majordisasters
21 Voigt, Stefan, Fabio Giulio-Tonolo, Josh Lyons, Jan Kučera, Brenda Jones, et al., Global Trends In Satellite-Based Emergency Mapping, Science
Journal (SJ) 353:6296 (2016): 247–252.
22 Kaku, Kazuya, Satellite Remote Sensing For Disaster Management Support: A Holistic And Staged Approach Based On Case Studies In Sentinel
Asia, International Journal of Disaster Risk Reduction (IJDRR) 33 (2019):417-432.
23 Jamison, Dean T., Hellen Gelband, Susan Horton, Prabhat Jha, Ramanan Laxminarayan, et al., Disease Control Priorities: Improving Health and
Reducing Poverty, Disease Control Priorities, 3rd edition, Vol 9, Washington (DC): The International Bank for Reconstruction and Development, the
World Bank, 27 November 2017. DOI: 10.1596/978-1-4648-0527-1
24 Kamorudeen, Ramat,T., Adedokun Kamoro, A., Olarinmoye Ayodeji, O., Ebola outbreak in West Africa, 2014 – 2016: Epidemic Timeline,
Differential Diagnoses, Determining Factors, And Lessons For Future Response. (JIPH) 13:7 (2020): 956-962.
25 Peckham, Robert, Ria Sinha, Satellites and the New War on Infection: Tracking Ebola in West Africa. (Geoforum) 80 (2017). pp. 24-38
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The Case of EVD in West Africa
Sat-Tech played a crucial role in epidemiology and logistics in the EVD's hotspots across Sierra Leone, Liberia
and Guinea. The outbreak management revealed effective regional mapping using Sat-Tech to
replace colonial-era maps.26 "Mapbox" has given responders like "Doctors without borders" crowdsourced
tracing capabilities.27 Private actors provided resources to national and international stakeholders. Satellites'
Global Positioning System (GPS) satellites enabled health practitioners to identify infection zones and
navigate unfamiliar areas.28 Telemedicine services deployment in the EVD outbreak supplied real-time
results.29 Sat-Tech-based applications, particularly Unmanned Aerial Vehicles (UAVs), and internet-based
applications, such as location-based social media platforms and GPS have contributed in the Covid-19
pandemic management to assert the authorities’ governance through surveillance, and monitoring to
mitigate the public health risks.30 Such capabilities were deployed in the Covid-19 case, as will be highlighted
next.

The Use of Satellite Technologies to Mitigate the Covid-19 Risks
China relied on Telemedicine and other applications to manage the Covid-19 pandemic. The Chinese
authorities employed Telemedicine in Wuhan and Shantou with support from "China Aerospace Science and
Industry Corporation". Telemedicine vehicles and technicians were connected to local hospitals through ICT
to examine citizens receiving remote medical assistance. Telemedicine helped healthcare institutions
collaborate to deliver adequate and fast responses by acquiring real-time patient imagery, transmitting it
over a satellite moderator and processing it on a communication satellite platform.31 "Huoshenshan" (25,000
square meters) and "Leishenshan" (30,000 square meters) were built in Wuhan in 10 days. Wuhan University
created healthcare facilities employing satellite mapping, surveillance and remote sensing.32 Robotics and
the IoT were employed to assist China's healthcare system in managing infection. The "Hongshan Sports
Centre" was developed into a smart field hospital by "China Mobile", "Wuhan Wuchang Hospital," and
"CloudMinds." The smart hospital was remotely monitored, commencing with the "triage" via initial
screening of the patient using 5G thermometers to detect fever, followed by monitoring his vital signs
through a worn ring or bracelet coupled with the "CloudMinds" AI platform.33
China deployed surveillance technologies to implement its strict public policies for the general interest. It
deployed all its surveillance resources as drones and location-based social media applications to track
people's movements.34 The case study could be used as an effective model to manage health disasters to
highlight a high reliance upon Sat-Tech and new technologies in contrast with the high expertise, as well as
the robust governance to identify other nations' limitations in following such an example.

26

Ibid.
Loyd, Charlie, Ebola mapping in Guinea: Humanitarian OpenStreetMap Team, Mapbox, Mars 25, 2014. (Last accessed on 28 May 2022)
https://blog.mapbox.com/ebola-mapping-in-guinea-humanitarian-openstreetmap-team-3bea06639199
28 Peckham, Robert, Ria Sinha, Satellites and the New War on Infection: Tracking Ebola in West Africa, Geoforum (GF) 80 (2017): 24–38, p24.
29
Peckham, Robert, Ria Sinha, Satellites and the New War on Infection: Tracking Ebola in West Africa, Geoforum (GF) 80 (2017): 24–38, p28.
30 Schootman, M., Nelson, E.J., Werner, K., Shacham, E., Elliott, M., Ratnapradipa, K., Lian, M., McVay, A., 2016, Emerging Technologies To Measure
Neighborhood Conditions In Public Health: Implications For Interventions And Next Steps, International Journal Health Geography (IJHG) 15:20
(2016).
31
Yuan, Yue, How Space Technologies Help Fight The Coronavirus In China (Part 2), Spacewatch Asia Pacific Business Intelligence about Space
Activities, 2020. (Last accessed on 29 May 2022) https://spacewatch.global/2020/03/spacewatch-gl-op-ed-how-space-technologies-help-fight-thecoronavirus-in-china-2/.
32 Ibid.
33 Tim Hornyak, What America Can Learn From China’s Use Of Robots And Telemedicine To Combat The Coronavirus, CNBC Markets, 18 Mars 2020.
Last accessed on 29 May 2022. https://www.cnbc.com/2020/03/18/how-china-is-using-robots-and-telemedicine-to-combat-the-coronavirus.html
34 Fleming Sean, China's Response Shows How Bold Decision-Making Can Contain Coronavirus, World Economic Forum, March 11, 2020. (Last
accessed on 29 May 2022) https://www.weforum.org/agenda/2020/03/chinas-response-shows-how-bold-decision-making-can-containcoronavirus/.
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Discussion
The above depiction of Sat-Tech use in public health disaster management demonstrates that robust
technical, infrastructural, human and financial capabilities are crucial to manage crises, in addition to good
governance and strong law enforcement. Here, one might picture pandemic management in low-resource
nations lacking such resources. One would also question the reliance of "weak governance countries" on
international community aid and cooperation to cover larger-scale outbreaks. Even though the Charter was
efficient in the case of the EVD, the international community would be challenged in facing global health
crises with an overwhelming call for action in different regions worldwide, particularly in Africa.
For instance, African nations see space as a critical domain for basic infrastructure and a knowledge-based
economy. Many African countries have strategically engaged in space-related services and satellite launches.
The space budget of African governments has risen drastically from USD 283 million in 2018 to USD 503
million in 2020. The launched African satellites are mainly small and vary from EO, communication and
science technology satellites.35 Various African countries received foreign funding and assistance to build
their satellite capabilities. Others are mostly funded by private actors and universities.36
Despite its growth, Africa's space industry has challenges. First, competing national goals and imperatives
halts sector growth. Second, capacity-building initiatives and space education are insufficient to develop
viable space industries. Third, putting the competence under government institutions without the technical
ability and awareness of space capabilities and the changing international space ecosystem hinders the
sector's growth. Fourth, external reliance hampers development.37 To establish "upstream" capabilities like
space hardware and ground systems, a government must invest heavily in R&D, operating expenditures,
equipment, and experienced employees. Space lacks labor, governance infrastructure and commercial and
civil society interaction. Here we stress the essential role of education in filling the gaps and changing the
narrative with awareness, knowledge and know-how.
States must have a strong governance framework, abide by the IHR guidelines, timely detect infections
before spreading and deploy resources to limit and reduce risks. Appointing skilled healthcare practitioners
to offer field and Telemedicine services, tracking sick patients' connections, and quarantining and isolating
measures, including forced lockdowns and international cooperation, are essential to defeating pandemics.
Institutional effectiveness in addressing African public health crises is questioned based on the mentioned
problems. The conduct of future studies about the Covid-19 management across these nations may pin the
gaps to prepare for the next health crisis.
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Space in Africa, African Space Industry Revenue to Surpass USD 10.24 Billion by 2024 Despite COVID-19 Setback, July 6, 2021. Last Accessed on 28
May 2022. https://africanews.space/african-space-industry-revenue-to-surpass-usd-10-24-billion-by-2024-despite-covid-19-setback/.
36
Independent Review of the Remote Sensing Space Systems Act (RSSSA), March 2022. Accessed on 30 May 2022. ISBN 978-0-660-42327-2 (PDF).
https://www.international.gc.ca/transparency-transparence/assets/pdfs/remote-sensing-systemes-teledetection/2022-review-rsssa-examen-lstsen.pdf
37 Mustapha Iderawumi, Why Small Satellite Constellations are the Next Revolution for Africa, Space in Africa, May 30, 2022. Accessed 30 May 2022.
https://africanews.space/why-small-satellite-constellations-are-the-next-revolution-for-africa/
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3.2 COVID-19 Pandemic as a Case Study for Improved
Preparedness for Future Pandemics in the Middle East
(Dr. Ahmed BARAKA, Space Generation Advisory Council)

Abstract
Responding to public health disasters such as the COVID-19 pandemic is
challenging and such pandemics might become more frequent in the
future. Space technology can play an important role to support responses
to public health disasters. Use cases of space technologies for terrestrial
health includes data and imagery from Earth Observation and remote
sensing satellites, advance communication supporting telemedicine applications from LEO constellations,
and global positioning information.
Increasing the role of space technology to support such a response is a must for better control and readiness
for any possible future pandemics. Countries in the Middle East can implement such technologies in
preparation for future pandemics. Based on recent experiences form the COVID-19 pandemic, we will focus
on such responses in UAE, Israel and Saudi Arabia as examples in the Middle East region and compare that
with the other countries like the US, China, and the EU. In conclusion, we aim to highlight the lessons learned
and the best strategies that could be implemented in countries in the Middle East for any future pandemics
to make sure that all the countries can successfully control the spread of such contagious diseases in the
future.

3.3 Student-led CubeSat Mission to Gather Atmospheric Data
(Dr. Khalid AL-BEGAIN, Kuwait College of Science and Technology)

Introduction
CubeSats are playing an important role in introducing undergraduate
students to new horizons, allowing them to engage in a variety of
disciplines, as observed in.38,39 Kuwait College of Science and Technology
(KCST) started the initiative in collaboration with KSF space foundation. The
students were constrained by time and knowledge. Given these constraints,
a plan was constructed to achieve the objectives of this project which were
to widen the understanding of students in space technology to address and face global issues like climate
change and to utilise the data that can only be gathered by high altitude missions to study the behaviour of
the atmosphere and prevent predictable disasters based on that.
After learning the theory behind CubeSats, students started the implementation phase with the guidance of
the Electronics and Communications (ECE) faculty professor. Collaborations from different departments were
encouraged, specifically Computer Engineering (CE). This collaboration showed impactful results in similar
missions like.40
With the newly obtained knowledge and time constraints of the students, the plan was to use modular
sensors and sub-systems that would allow rapid development and integration in a 1U CubeSat structure

38

R. Darbali-Zamora, N. Cobo-Yepes, E.I. Ortiz-Rivera, E.E. Aponte-Bezares and A.A. Rincón-Charris, “Applying HOL/PBL to Prepare Undergraduate
Students into Graduate Level Studies in the Field of Aerospace Engineering Using the Puerto Rico CubeSat Project Initiative,” 2018 IEEE Frontiers in
Education Conference (FIE), 2018, pp. 1-8, DOI: 10.1109/FIE.2018.8659049.
39 J. Straub and D. Whalen, “Evaluation of the Educational Impact of Participation Time in a Small Spacecraft Development Program”, 2022.
40 R. Darbali-Zamora, E.I. Ortiz-Rivera and A.A. Rincón-Charris, “The Puerto Rico CubeSat project to attract STEM students into the area of aerospace
engineering,” 2015 IEEE Frontiers in Education Conference (FIE), 2015, pp. 1-7, DOI: 10.1109/FIE.2015.7344367
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(10cm x 10cm x 10cm) that was 3D printed in the University's own FabLab facility that would be launched
with a Monatomic He2 gas-filled space balloon to reach near space atmosphere.
This introduction of space missions in the GCC can be a stepping stone to becoming proactive in the face of
potential disasters, and it can be seen in that sandstorms can potentially be monitored using CubeSats.41
This paper is organised in the following: Section 2 shows the sensors that were used in the payload. Section
3 explains the technique that was used for the CubeSat Section 4 showcases the results obtained after the
successful mission return. Section 5 presents the conclusion of the project.

System Model
To achieve a modular CubeSat design under the time
constraint, the Arduino Nano was chosen as the controller
for the system, which was responsible for interfacing with
the sensors and modules of the system, as well as
regulating the incoming voltage from the source to provide
a 5 volts bus for those sensors.
The physical attributes chosen to be measured were:
Atmospheric pressure, temperature, and relative
humidity. Fig. 22 shows the sensors and modules that were
chosen for their modularity and compatibility with
Arduino. The BMP180 was used for measuring the
pressure,42 and the DHT22 was used for measuring the
temperature and the relative humidity.43

Figure 22: List of the Sensors used in the CubeSat

Interfacing with the sensors was controlled by Arduino Nano. The power was provided by two 18650 lithiumion batteries connected in series. To ensure a long operation time, two 18650 lithium-ion batteries were used
with approximately 3000mAh each. Since the Arduino and sensors consume low power, considering the
battery's performance at a lower temperature, a simple calculation showed that the system could stay on for
more than 20 hours.

41

C. Paris, M. Parisse, A. Nascetti, R. Cica and N.A. Salman, “The TIGRIsat camera A nanosatellite optical payload for detecting dust and sand
storms,” 2015 IEEE 15th International Conference on Environment and Electrical Engineering (EEEIC), 2015, pp. 1605-1610, DOI:
10.1109/EEEIC.2015.7165411.
42 Bosch, “BMP180 Datasheet, Equivalent, pressure sensor”, URFL: https://datasheetspdf.com/pdf/770150/Bosch/BMP180/1, accessed 24/05/2022.
43 “DHT22 datasheet”, Datasheetspdf.com, 2022. [Online]. Available: https://datasheetspdf.com/pdf-file/792211/Aosong/DHT22/1, accessed
28/05/2022.
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Proposed Technique
The proposed technique to accommodate all the sensors in
the structure was to divide the CubeSat into 3 layers, as in
Fig. 23:
Layer 1 (Payload): which contains all the sensors of the
CubeSat.
Layer 2 (Buses): like voltage and ground, and some other
communications protocols like I2C bus.
Layer 3 (Mainboard): The batteries and Microcontroller of
the system with a switch.

Figure 23: CubeSat proposed design

Connections between layers were made using robust wires, soldered directly on the pins of the components
directly from the Arduino and through layer 2. The structure was then secured with stainless steel screws
that were customised to fit accordingly. The final CubeSat block model is shown in Fig. 24. The final weight
of the CubeSat and all its content was 426 grams, as shown in Fig. 25, which is below the 1Kg maximum
allowed limit of a 1U CubeSat. The CubeSat was sent to launch in the UK in September 2021. However, the
launch was delayed for a few months to wait for the UK weather to be clear and ready for launch at that
time.

Figure 24: CubeSat Block Model

Results
The Mission was successful, reaching an
altitude of about (27Km). Fig. 26 shows the
Satellite tracking using FindmeSpot services.
Upon safe retrieval, the data was collected
from the CubeSat's micro-SD card. The KSF
capsule also had sensors on board to
measure the outside temperature and
altitude from the atmospheric pressure. A
comparison was made between both data
for validation.

Figure 25: Final CubeSat Prototype
and its Weight in Grams

Figure 26: "FindmeSpot" Live Tracking of Capsule for Entire Mission
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Humidity
The relative humidity readings that were captured by the DHT22
sensor are depicted in Fig. 27. The humidity steeply decreases in
the 2 km range. It then fluctuates to reach a stable decrease
from 5km. The fluctuation can be the result of reaching the level
of the cloud, which contains small amounts of water. The
humidity stabilises at about 17%. The descent readings are more
precise, showing that no external factor malformed the
readings.

Figure 27: Humidity vs Altitude (meters) readings
(a) ascending readings, (b) descending readings

Outside Temperature
Since the CubeSat was placed in a casing, the internal
temperature of the case varies from that of the actual
outside temperature. Fig. 28 depicts the changes in
temperature with respect to altitude. The temperature
decreases almost linearly, to saturate at about -56
Celsius in the 16km range, the cause of the saturation
would be the limit of the sensor from the KSF capsule,
which indicates that the temperature could reach even
lower. The readings from the CubeSat descent could be
interpreted as the freezing of the sensor, which then
returns to normal conditions upon reaching sea level.

Figure 28: Outside temperature (Celsius) vs altitude
(meters) readings (a) ascending readings, (b) descending
readings
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Internal Temperature Comparison
The internal temperature readings of the CubeSat were compared to the KSF sensor readings to validate and
solidify the results' integrity. Fig. 29 compares the ascending readings. The temperature starts decreasing
linearly in both readings to reach a minimum value in the range of -10 to -20 Celsius. The variation causes
would be the slower response from the DHT22 sensor. It can be interpolated that the temperature would
reach approximately the same value. The descent had a higher correlation between the two readings but
reached a new minimum at about -23 Celsius in the 6 km range, as can be seen in Fig. 30.

Figure 29: Comparison between KSF and KCST
internal temperature ascending readings
(Celsius) vs altitude (meters) (a) KCST CubeSat
readings, (b) KSF capsule readings

Figure 30: Comparison between KSF and KCST
internal temperature descending readings
(Celsius) vs altitude (meters) (a) KCST CubeSat
readings, (b) KSF capsule reading

Conclusion
The CubeSat initiative was a great success by KCST in partnership with KSF Space Foundation. It allowed
students to learn the theory behind CubeSats and apply it hands-on to commence the first student-led
CubeSat mission in Kuwait. The proposed method of modular sensors allowed the project to be Mission ready
within the time constraints. The CubeSat was launched and retrieved successfully in the UK, and the physical
attributes were measured and compared with that of the KSF sensors in the capsule. The readings were
consistent, and the comparison solidified the integrity of the sensors. This Mission was the basis for future
projects that will tackle the challenges of space in Kuwait and the MENA region. More attributes could be
measured, such as the ozone layer density, and by increasing the size of the structure, higher power
consuming sensors could be added with the introduction of a bigger space to fit more batteries. The
increasing sandstorms in the GCC countries are also a concern. Future research would be advised aiming at
predicting the sudden formation of these storms to prevent such a disaster.
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