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Abstract
Climate change is a reality where current mitigation strategies are failing and as a result require
adaptation strategies. While climate change has many facets, we address adaptation to two particular
environmental hazards: air pollution and floods, both of which cause significant and often devastating
loss of life and assets every year.
Our AWARE Foundation, assists cities in becoming “climate proof” through a space-aided integrated
Early Warning System (iEWS) and adapted urban planning. Our focus is on adaptation strategies for
cities in least developed countries (LDCs), as defined by the United Nations, where population density
is at its highest, and hazards affect a large number of people who are very vulnerable to change.
Space technology can significantly improve currently existing systems and that our solution can raise
AWAREness about the need to adapt climate change. We have assessed our solution via two case
studies: Dhaka (Bangladesh), and Rotterdam (The Netherlands). We have evaluated how best to apply
our iEWS and how to help develop plans for an adaptable and integrated urban infrastructure, into
cities with different economic contexts and at different levels of hazard awareness. These solutions
can be implemented by reaching out to, and aiding the communities we serve.
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Faculty Preface
Climate change can be considered one of the grandest challenges of our century. While there have
been substantial efforts in monitoring the changes in our environment and mitigating any hazardous
effects, some of these changes may be partially unavoidable, and our societies need to consider
adaptation strategies in parallel to mitigation efforts.
Adaptation to climate change is a topic which inherently requires assessment from an
interdisciplinary, international and intercultural perspective. ISU is thus the obvious institution to
tackle this topic, and demonstrate the key role of space in solutions required for the wellbeing, survival
and resilience of societies. All ISU departments were involved in the research and the development of
potential solutions: from Humanities to Space Applications, from Policy and Law to Engineering.
In particular, this report will tackle the threats posed to our urban areas by floods and worsening airquality. This year’s SSP was hosted by the Netherlands where, for many centuries, adaptation to floods
is daily practice as a large part of its economic center is below sea level. World famous Dutch
waterworks keep the sea and the rivers in place for the security of its citizens. Also, the Dutch space
industry is well known for its specialty in space-based remote sensing instrumentation for air quality
and climate research. Both local specialties provided excellent opportunities for the 33 Team Project
participants from 15 countries, as experts from local space industry and institutions were available
throughout the summer for interaction on the topics of flooding and air-quality.
The result of the work by this talented group of ISU participants is now in your hands. It doesn’t show
the sweat and tears that have gone into it. It doesn’t show the immeasurable amount of meetings that
took place to come to agreements on its content. It doesn’t show that some parts where edited deep
in the night by the last woman or man standing. What it does show is a comprehensive piece of
research presenting their view on how space technologies can be main contributors to Climate Change
adaptation strategies.
We want to thank all the ISU SSP18 team project Climate participants for their teamwork and passion
in making this project a great success. We also want to thank ISU staff, visiting lecturers, the Local
Organizing Committee and our sponsors, NSO and Airbus, for their tireless support. Special thanks go
to James D. Burke, Farhan Asrar, and the proposals in the Host Bid that put forward this challenging
topic; ISU team projects depend on the innovative ideas from faculty and collaborators worldwide.
Last but not least we specifically want to thank Siobhan O’Neill, the team project Climate Teaching
Associate. Her presence and organization skills were key to the success of our project.
Daniel Garcia Yarnoz (Co-chair) Irina Thaler (Associate chair) Erik Laan (Co-chair)
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Participant Preface
“Climate change is no longer some far-off problem. It is happening here. It is happening now.” (Obama,
2015) With these words from Barack Obama in mind, we present Adapting to Water and Air Realities
on Earth (AWARE).
The AWARE team comes from fifteen countries and has 33 individual stories that brought us to the
International Space University Space Studies Program 2018 (ISU SSP18). We are united in our care for
the Earth and the people who live on it. We have an interest in and commitment to space, along with
the benefits the space industry provides to us here on Spaceship Earth.
Though our team is spread across five continents, many of our local communities have been affected
by or under threat of air pollution and flooding (along with other environmental hazards). Many
mitigation strategies are in place for climate change; however, there are fewer adaptation strategies.
Adaptation is necessary as some climate change effects become reality now and in the near future.
This is particularly true in cities, where the majority of the world lives, or is moving to, as global
urbanization continues.
Here in the Netherlands, we saw the abilities of a highly developed country to adapt under threat of
floods (Deltawerken), research water control (Deltares), and also measure air quality across the globe
with the TROPOMI instrument. While at ESA’s European Space Research and Technology Centre
(ESTEC), we saw Europe cooperation in uniting data across many different data sources for analysis
(EU’s Open Data Portal).
However, as we heard from United Nations representatives and did research ourselves, we also
understood the greater vulnerability of Least Developed Countries (LDC) to environmental hazards.
With that in mind, we propose the AWARE system as an effective tool for space-aided climate change
adaptation for both air quality and flood management. The system is modular, customizable based on
a city’s needs, and could be applied to additional environmental hazards.
As an intercultural and interdisciplinary team, we examined global examples from different countries,
analyzed the current technology gaps, and developed integrated answer. We aimed at making AWARE
a robust tool that could handle contingency situations. As most of our team members belong to spacefaring nations, we had first-hand knowledge of space technology used for climate change adaptation
today. We considered how our solution could be applied both for a city in an LDC (Dhaka, Bangladesh)
and as a pilot program in the Netherlands (Rotterdam) before transferring technology and learning to
LDC cities.
We are very grateful to our co-chairs, Daniel Garcia Yarnoz and Erik Laan, our associate chair, Irina
Thaler, our teaching associate, Siobhan O’Neill, as well as the TU Delft community. Finally, a special
thanks to all the experts who have helped and guided us and the fantastic assistance provided by the
ISU faculty and editors.
“Mitigation aims to avoid the unmanageable and adaptation aims to manage the unavoidable.”
(Laukkonen et al., 2009)
Team AWARE,
August 21st, 2018
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General Introduction
The core of our team project is the concept of climate change; a term that has become increasingly
important in recent decades. Climate change aggravates environmental risks while also creating new
ones that impact natural and human systems (IPCC, 2014, p.13). Though there are many hazards linked
to climate change, two of the most pressing are floods and air pollution. These hazards are not
necessarily connected, however they are potentially highly detrimental to humankind. Our project will
therefore focus on how humans can adapt their behavior to the realities of increased floods and air
pollution, as a lot of research has focused on mitigating these hazards, rather than adapting to them.
The effect of increased flooding events and air pollution is complicated further because more people
worldwide are moving to cities. According to the United Nations (UN) approximately 68% of the
world’s population are projected to reside in urban cities by 2050 (United Nations, 2018a). With more
people living in cities, it is increasingly challenging for municipal governments to protect their
populations from environments hazards, including those associated with climate change. Especially
because cities are more vulnerable to air pollution due to increased traffic volumes, and also to
flooding in some cases.
During our team project research and activities, we noticed that environmental risks are not evenly
distributed in countries worldwide. In fact, it is usually those communities in least developed countries
(LDCs) that are impacted more severely when experiencing flooding events or air pollution. The ability
to access certain resources to help cities respond to flooding and air quality hazards is also not evenly
distributed. For example, space-based technologies like remote sensing satellites that can be used to
monitor changes on the Earth’s surface in a large scale, are not affordable for everyone. Generally
speaking, it is developed countries that have the resources to use space technologies, and when
necessary, adapt their activities to environmental problems. Many LDCs are not able to make use of
space-based technologies, despite the potential to help their populations adapt to the new
environmental realities.
We wanted to design a solution that uses space-based technologies to address the risk of floods and
air pollution. It was important for us to create a solution that could help LDCs make use of space
technologies to address environmental hazards impacting their cities. What we have designed is an
early warning system (iEWS) that can predict flood and air pollution events in cities. We are aware
that floods and air pollution are not the only problems related to climate change, therefore our iEWS
is intended to be a modular system. Strategies to adapt to more environmental hazards could be
included at a later stage.
Although an iEWS can help a city’s inhabitants adapt when faced with environmental hazards, our
team has also been inspired by the concept of smart cities. A smart city is an urban space that has
integrated data and technology into its physical infrastructure to make it a more efficient and livable
space. As part of our team project we suggest a method by which our iEWS can be integrated into city
infrastructure. Our example describes the development of ‘smart’ lampposts that can be used to help
a city’s population adapt to poor air quality or potential flooding events.

Project Name
The project name, Adapting to Water and Air Realities on Earth (AWARE), highlights the importance
of public awareness and understanding of actions they need to take in the effectiveness of such
systems in improving people’s lives as we adapt to the realities of climate change.
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Aims and Objectives
Vision: Designing resilient futures for spaceship earth
Mission: Our mission is to provide climate change adaptation strategies using space aided
technologies. We aim to create an Early Warning System and long-term planning suggestions for
vulnerable societies. Project AWARE will tackle adaptation issues surrounding air quality and flood
management.
Core Aims:
•
•
•

To identify the needs of societies that are vulnerable to climate change
To apply the capacity of space technology to aid climate change adaptation
To make adaptation strategies available for the benefit of humankind

Structure of the Report
In this report, Chapter 1 introduces background information and provides definitions for core terms
used throughout the report. In Chapter 2, we lay out the AWARE solution proposed by this project,
both the integrated early warning system (iEWS) and the lampposts that could be incorporated as
smart city designs. In Chapter 3, we examine how AWARE would each be implemented in two cities
for case study: Dhaka, Bangladesh (an LDC) and Rotterdam, the Netherlands. In Chapter 5, we draw
conclusions and discuss possible future work.
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Chapter 1. Background
In this chapter, we introduce definitions relevant to our TP, and establish its scope. We start by
defining what we mean when we use the term ‘climate change’, and go on to clarify the difference
between mitigation and adaptation research.
As we are part of the International Space University (ISU), we discuss the importance of how spacebased technologies can aid with adapting to climate change induced environmental hazards. However,
we mention that our project is focused on the adaptation of cities, particularly making space
technologies more accessible to cities in Least Developed Countries (LDCs). These countries generally
do not have the required capacity to make use of Earth observation satellite data for example, though
it could help their inhabitants better adapt to current and potential environmental hazards effecting
their cities. We explore how Inhabitants in LDCs, are the most at risk whenever air pollution levels rise
beyond healthy standards and damaging floods occur in their environment.
Considering there is a large range of environmental risks related to climate change, we explain our
decision to focus on how floods and air pollution impacts a city’s ability to adapt. By doing so, we
expand on these two risks so that the reader can get an understanding of their consequences in
densely populated urban spaces.
We continue by giving more context to policy instruments and legal organizations relevant to our
project’s scope. We examine current policies and strategies that countries from around the world are
trying to implement to adapt to climate change consequences. We investigate three categories:
-

International/EU Policy
National Policy (NAPs)
Regional/Local Policy

We conclude the chapter by mentioning our consideration of potential commercial opportunities
related to our project, and the solution we describe in this report. There is a difference in costs and
benefits by taking action to finance cleaner futures and doing nothing about it.
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1.1. Definitions and Scope
1.1.1.

Defining Climate Change

Throughout our report, we rely on important terms that are relevant to our TP. To begin, it is essential
to define the term climate change, which is at the core of our project. Climate change is “a change in
the state of the climate that can be identified by changes in the […] variability of its properties and
that persist for an extended period,” as defined by the Intergovernmental Panel on Climate Change
(IPCC) in their 2014 Synthesis Report (IPCC, 2014, p.120). The IPCC definition goes on to explain that
climate change could be the result of the Earth’s natural systems or from human activity (IPCC, 2014,
p.120). The Earth has experienced changes in its climate since the beginning of its existence.
Sometimes the Earth’s climate has been warmer and sometimes it has been colder, for example during
glacial and interglacial periods. What is important now is that the environmental changes we are
experiencing are already, and will continue to (mostly negatively) impact human life.
Other definitions of climate change do exist, specifically the description used by the United Nations
(UN) Framework Convention on Climate Change (UNFCCC). However, the UNFCCC definition
exclusively attributes the Earth’s changing climate to human activities. For our project, we have
chosen to use the IPCC definition because it distinguishes that there are different climate change
causes. We feel the IPCC definition is best suited for our TP as it is more nuanced. Besides, our focus
is about adapting to future environmental hazards influenced by climate change, which are caused by
more than just human activity.
1.1.2.

Adaptation versus Mitigation

To clarify the scope of our TP, it is necessary to explain the distinction between ‘mitigating’ climate
change and ‘adapting’ to it. Climate change studies, including previous SSP team projects have often
focused on its mitigation, which studies how humans can intervene to reduce greenhouse gas (GHG)
sources or increase its sinks (IPCC, 2014, p.125). Our project is about climate change adaptation or
adjusting human behavior to actual and expected environmental risks of climate change (IPCC, 2014,
p.118).
Adaptation assumes that not all effects of climate changes can be completely avoided or effectively
mitigated. Though mitigation strategies are vital and are considered complementary to adapting to
hazards linked to climate change, they are outside of our project’s scope. Instead, we focus on
adaptation and how human conduct can be changed to moderate the harm climate changed induced
environmental hazards have on common anthropological systems.
Our choice is legitimate, as there is a large range of intergovernmental bodies interested in adaptation
efforts; in 2015, the Paris Agreement provided adaptation measures cooperating countries could take,
(UNFCCC) whereas participating countries at the UNISPACE+50 conferences have made community
adaptation a priority for its agenda (Office for Outer Space Affairs, 2017). Such organizations include
the UNFCCC, Food and Agriculture Organization (FAO), International Labor Organization, and the UN
Environment Programme (UNFCCC, 2018a). These organizations systematically fund or organize pilot
efforts to promote the recognition of adaptation strategies at the international, national, and local
levels.
1.1.3.

Adaptation with Space-Based Technologies

As the difference between climate change mitigation and adaptation has been explained, we can
discuss the methods of adaptation our project has focused on. Our TP is part of the Space Studies
Program (SSP), which means we have gained a deeper awareness space-based technologies.
Particularly, how they can be used to adapt to environmental hazards on Earth, including those
associated with climate change.
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Through space exploration endeavors, humankind is becoming gradually aware of the unique
perspective we get of our planet from space. The term the ‘overview effect’ was coined by Frank White
(1987) to describe this awareness. The overview effect highlights that (our spaceship) Earth is actually
a tiny speck of dust in comparison with the vastness of space, and deserves “our care and protection”
(Fuller, 1968).
Space technologies can make it easier to understand Earth, its state, its changes, and its evolution.
Space technologies and applications such as location services via Global Navigation Satellite Systems
(GNSS) satellites, communication or Earth Observation (EO) satellite constellations make it easier to
care for our planet. What is common to the services we have mentioned are satellites orbiting the
Earth, which are now integral to living dignified daily lives. Satellites are even more crucial because
they can monitor the whole Earth without geographic boundaries. The areas satellites can monitor
also include the remotest places otherwise not accessible because of topography, disasters, or wartorn areas for example. (Atayero et.al, 2011; Blair-Rains, 2007). With this in mind, space technologies
are useful tools needed for devising effective adaptation strategies to better respond to the global
effects of climate change and its impacts on Earth.
1.1.4.

United Nations Support of Space-Based Technologies

To strengthen our team’s focus on space-based adaptation, it is important to understand other
organizations working on this topic. For example, the UN Platform for Space-based Information for
Disaster Management and Emergency Response (UN-SPIDER) promotes satellite data as their main
system information resource. UN-SPIDER is fundamental because it is used to advise national
governments in developing and emerging countries on how they can better benefit from space-based
information for disasters. Furthermore, In 1992, the UN established the Global Climate Observing
System (GCOS) that uses both in-situ and remote sensing measurements to provide “comprehensive
information on the total climate system, involving a multidisciplinary range of physical, chemical and
biological properties, and atmospheric, oceanic, hydrological, cryosphere and terrestrial processes”
(WMO, 2011). The combination of satellite, ground-based, and airborne measurements provide a
comprehensive and reliable global perspective of the different essential climate variables (ECVs) in a
variety of international locations. Satellite data has provided approximately 30 out of the 50 ECVs that
the UNFCCC requires to generate climate information.
In addition, satellite data is used by both technical staff and policy makers in many organizations under
the UN umbrella, including the World Meteorological Organization (WMO), the United Nations Office
for the Coordination of Humanitarian Affairs (OCHA), and the World Food Programme (WFP), among
others. The use of satellite data by policy makers reflects its importance, especially for international
cooperation between nations when addressing climate change consequences.
1.1.5.

Space-Based Adaptation of Cities in Least Developed Countries

As our project describes space-aided ways to adapt to climate change ramifications, it is important to
highlight who is adapting their behavior. As has been mentioned, with the current urbanization trends,
the UN has estimated that by 2050, 68% of the world’s population will live in cities (UN, 2018a). The
World Bank has also claimed that with 80% of global GDP already produced in cities, this figure is likely
to grow as city populations become larger (World Bank, 2018a). Therefore, we decided that the most
urgent adaptation strategies are needed by city inhabitants because an increasing amount of global
communities have or will make urban settings their home. Though we understand this excludes people
living outside of urban areas, the usefulness of our project’s insights will be diluted with too broad a
scope; rural areas sometimes have different needs and objectives with regards to addressing to
environmental problems.
Figure 1 - shows that urban areas are susceptible to extreme weather events aggravated by climate
change. Cities rely on interconnected infrastructure including transportation, food and water supply,
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electricity, and housing. It is likely that if one sector is affected by extreme weather events, other
sectors will also be affected.

Figure 1 -

The complexity of Adaptation.

Environmental hazards linked to climate change can affect all those in societies around the world.
However, most of the financial and technical capacity is concentrated in developed countries in North
America and Central-Europe. This capacity means cities within these countries have the means to
make the best use of space-based technologies to adapt to hazards associated with climate change.
In contrast, cities in least developed countries (LDCs) do not have the same ability and are more
vulnerable to climate changes consequences. LDCs are considered as “low-income countries […]
vulnerable to economic and environmental shocks [as well as] low levels of human assets” (UN,
2018b). The vulnerability of LDCs can be attributed to unstable economic resources and a lack of
infrastructure, which reduces their populations’ capacity to adequately adapt to environmental
hazards (Sovacool et al., 2017). For instance, populations in LDCs are known to have lower levels of
health, nutrition, and adult literacy rates in comparison with the highest developed countries; such
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factors make it extremely challenging to use space-aided adaptation strategies at the national and
local level that could aid with reducing the effects of climate change (UNFCCC, 2018b).
Using space technologies requires a certain degree of financial resources, as well as technical expertise
needed to sufficiently understand and operate them. As the reader can imagine, many cities in LDCs
do not possess the necessary resources to integrate and make use of space technologies in their
climate change adaptation strategies. Such a reality is upsetting considering the 1967 Outer Space
Treaty speaks of outer space being for the benefit of all humankind. At the same time, there are more
opportunities for improvement since the urban infrastructure within LDCs is generally
underdeveloped. With sufficient international support, cities in LDCs have the potential for dynamic
and adaptive development. For example, Perkins suggests that developing countries could
theoretically bypass or jump some of the steps in industrial development known to their developed
counterparts. LDCs could (with the right combination of economic and policy backing) transform their
cities by ‘leapfrogging’ into implementing modern and space-based technologies (Perkins, 2003). In
chapter 2, our TP will further explore a way LDCs could adapt to climate change hazards through
modernizing infrastructure in their cities.

1.1.5.1.

Justification for Team Project Focus

Until now, our preceding sections have only mentioned climate change related hazards as our focus
for space-based adaptation strategies. However, the environmental consequences of climate change
common to urban areas are extensive and varied. The hazards range from heat stress to flooding, and
air quality problems (Andersson-Sköld et al., 2015). For instance, one of the pressing environmental
concerns is increased heat wave events that are linked to climate change (Liu et al., 2017). As Wouters
et al. (2017) explain, heat waves will become more frequent in cities, where extreme temperatures
will create additional mortality risks for its inhabitants. Though increased heat stress is a large problem
for cities, adapting to them will become more urgent in the following years (Wouters et al., 2017).
For our TP, we chose to elaborate on the remaining two environmental hazards we have mentioned.
These two hazards facing cities around the world are: floods and air pollution. Part of our motivation
for choosing these issues is because our host country, the Netherlands is experiencing these problems
too. The Netherlands being a country with extensive urban areas in low-lying terrain near complex
river delta system. Two of the main objectives of cities in the Netherlands is maintaining clean air and
‘dry feet’ (Gemeente Rotterdam, 2015). These concerns are common in developing metropolises
found in LDCs; air quality and safety from floods is essential to urban cities that are becoming more
populated and complex.
Two main considerations are shared by these hazards. Firstly, the sources may not be directly inside
the city limits but in a larger area of influence (see Figure 2 -). Pollutant clouds can be generated by
industry or other sources in nearby areas, or even be transported across regions or borders by global
dynamics. Water levels are influenced by rainfall, incoming water in river basins, and other sources
generated out of the urban area limit. Secondly, they require a deep understanding of the orography,
wind patterns and other complex mechanism (see Figure 2 -) that are best monitored by satellites,
particularly large surrounding areas. Because of this, our team project has approached these two
environmental patterns in an integrated manner to optimize technologies that address their
commonalities.
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Figure 2 - A: Transport
mechanism depending on
wind and orography,
among others.

Figure 2 - B: Area of interest
around a city for environmental
h
d
Figure 2 -

1.1.6.

A and B: Shows the transport mechanism of pollutants in a theoretical city.

Floods

Floods are one of the most devastating disasters cities need to adapt to. Whether floods are caused
by heavy rainfall, sea level rise in coastal areas or snow melting, they often claim a greater number of
lives, and damage property (Jeyaseelan, 2003). The increase in floods is associated with climate
change, human activities, and natural phenomenon (Jeyaseelan, 2003). Figure 3 - shows the different
risk levels for different time periods and levels of adaptation. The risk level for flood damage in Europe
is currently very low but itis likely to rise significantly throughout the century. The adaptation potential
of floods (including space-based strategies) can significantly reduce the risk of damage and population
disruption.
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Figure 3 -

The different risk levels for different time periods and level of adaptation (Adapted from IPCC, 2014)

We put our focus on flooding because it is the most common natural hazard worldwide, and the third
most damaging after storms and earthquakes according to the World Economic Forum (2016). For
example, every 4-5 years, Bangladesh experiences flooding events that cover 60% of the country
(Bangladesh Climate Change Strategy and Adaptation plan, 2009).

1.1.6.1.

Causes of Floods

Though growing populations in cities are exposed to flooding events, not all floods have the same
causes. Flood risks as a whole have increased through more extreme weather events like hurricanes
and cyclones, additional precipitation, and sea level rise:
- Temperature & precipitation: With atmospheric temperatures on the rise, the capacity of air
to hold water is proportional to the air temperature and approximately doubles with every
10oC increase. This may lead to more frequent and heavier rainfall events. Such as an increase
in precipitation can lead to flooding, if ground infrastructure is oversaturated by the volume
of water.
- Extreme events: The rate of extreme weather events, such as cyclones comprising high wind
speeds and storm surges, can lead to severe damage in coastal areas. Melting of glaciers
results in sea level rising, then extends to water bodies, which consequently increases
evaporation and precipitation. Other issues such as failure of dams, levees, and water
reservoirs due to the increased volume of river water can also create flooding in urban areas.
Unexpected drainage system obstructions from solid waste can cause gradual flooding
upstream of the obstruction. This risks are exacerbated by uncontrolled urbanization.
Accidental floods may also be caused through damage of tunnels or pipes in cities by
workmanship due to unplanned city development.
- Sea level rise: Sea level rise induced by climate change is projected to contribute to flooding
events. Low-lying coastal areas are particularly at risk. Sea level rise of 1-3 mm per year has
been observed in Asia, which is only slightly above the global average (Cruz et al., 2007).
Increasing sea level rise is a problem for low-lying coast areas that are slowly being
submerged. This sea level rise has consequences for rivers and groundwater that are mixed
with saline coastal water.
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1.1.7.

Air Pollution

Air quality has a significant effect on the wellbeing of humans across the globe. Estimations suggest
that the number of deaths caused by air pollution is as high as the number of deaths caused by traffic
accidents (Ravishankara, Dawson and Winner, 2012). Air quality is strongly impacted by weather and
therefore subject to climate change. As temperature and extreme weather events increase, air quality
issues become more critical.
The World Health Organization (WHO) states that “91% of the world population was living in places
where the WHO air quality guidelines levels were not met” (WHO, 2018). This resulted in about 4.2
million premature deaths, clearly demonstrating that the implemented mitigation strategies were not
successful enough to prevent such a high mortality rate (WHO, 2018). Our team project wants to
create valuable solutions that address the health issues related to degrading air quality.

1.1.7.1.

Causes of Air Pollution

The link between climate change and air pollution is not clear to some at first. However, air quality is
impacted by climate change because it alters natural atmospheric ventilation and precipitation
processes (Orru, Ebi, and Forsberg, 2017). The result is that when pollutants are emitted they are not
substantially removed from the atmosphere (Orru, Ebi, and Forsberg, 2017). Over time, air quality is
degraded due to persistent pollutants like aerosols and greenhouse gases, which are especially
problematic for densely populated places like cities (Orru, Ebi, and Forsberg, 2017).
The main drivers for poor air quality are acid rain, ozone (O3) nitrogen oxides (NOx) (Australian
Government, 2005), carbon dioxide (CO2) (CDC, 2016), sulphur dioxide (SO2) (National Park Service,
2018), and microparticles (PM10 and PM2.5) (Ghorani-Azam, Riahi-Zanjani and Balali-Mood, 2016). The
air quality is degrading due to non-regulated emissions of traffic, agriculture, power plants, industry,
wildfires, and fires in household for cooking and heating. Table 1 -summarizes the adverse effects on
human health from a list of some of the most common air pollutants.
Table 1 - Adverse effects on health from various air pollutants.

Pollutants
Particle pollutants (PM2.5PM10)
Ground ozone O3
Carbon monoxide (CO)

Sulphur Dioxide (SO2)
Nitrogen oxide (NO2)

Effects on health
Airborne particle pollutants mainly cause lung and respiratory
diseases. Symptoms can be asthma, cardiac dysrhythmias, and (nonfatal) heart attacks (Ghorani-Azam, Riahi-Zanjani, and Balali-Mood,
2016).
Ground ozone O3 has an adverse effect on cellular function (epidermal
keratinocytes) (Ghorani-Azam, Riahi-Zanjani, and Balali-Mood, 2016).
Carbon monoxide can result in nausea, headaches, vomiting, and loss
of consciousness. Sulphur Dioxide is said to irritate respiratory
functions, and exacerbate an existing cardiovascular problem
(Ghorani-Azam, Riahi-Zanjani, and Balali-Mood, 2016).
Sulphur Dioxide is said to irritate respiratory functions, and
exacerbate an existing cardiovascular problem (Ghorani-Azam, RiahiZanjani, and Balali-Mood, 2016).
Nitrogen Oxide can be attributed to fever, chest pain, headaches, and
a pulmonary edema. Lead in large quantities can negatively impact
young children, due to kidney dysfunction. With adults, too much lead
can contribute to potential heart attacks or strokes (Ghorani-Azam,
Riahi-Zanjani, and Balali-Mood, 2016).
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Pollutants

Effects on health

Lead

Lead in large quantities can negatively impact young children, due to
kidney dysfunction. With adults, too much lead can contribute to
potential heart attacks or strokes (Ghorani-Azam, Riahi-Zanjani, and
Balali-Mood, 2016).
Pollutants of toxic air can heighten a person’s risk of cancer; the
breathing, eyes, and skin can also be irritated (Ghorani-Azam, RiahiZanjani, and Balali-Mood, 2016).

Toxic air pollutants such
as arsenic, asbestos,
benzene, and dioxin

The World Health Organization (WHO) states, “In 2016, 91% of the world population was living in
places where the WHO air quality guidelines levels were not met” (WHO, 2018). This resulted in about
4.2 million premature deaths, clearly demonstrating that the implemented mitigation strategies were
not successful enough to prevent such a high mortality rate. Our team project wants to create valuable
solutions for air quality adaptation to significantly reduce the health issues in LDCs and also improve
the existing risk reduction strategies in the developed countries. Classical air pollutant average lifespan
and expected air quality target concentration (European Environment Agency, 2016) in Error!
Reference source not found. shows the proportion of deaths linked to low air quality, in comparison
with other environmental pollutants (The World Bank, 2016).

1.2. Existing Law and Policy
As our TP suggests a space-aided adaptation solution to respond to climate change hazards, it is
important to have a good understanding of existing legal and policy instruments. Doing so will help us
evaluate our team’s ideas and provide insightful concepts.

1.2.1.

United Nations Framework Convention on Climate Change (UNFCCC)

The UNFCCC was adopted in 1992 by the United Nations and became effective in 1994. The main
purpose of the convention was to globally reduce the greenhouse gas (GHG) emissions caused by
human activity, with the aim of mitigating human induced climate change. We note that the
convention is non-binding and that instead the document urges countries to take national action on a
voluntary basis. The convention also defines a method for discussion and implementation of the
UNFCCC guidelines in the future. The agreement also recorded national GHG levels relative to those
of 1990.
In 1995, the UNFCCC began annual meetings to implement its framework (UNFCCC, 1992) and in 1997
the Kyoto Protocol was adopted (UNFCCC, 1997). The Kyoto Protocol stated that developed countries
should be instrumental in reducing GHGs during 2008-2012. In 2010, the UNFCCC agreed to confine
global warming to less than 2 degrees above the average temperature before the Industrial
Revolution. This protocol was revised in 2012 (Doha supplement) and targets were set for 2013-2020.
It would take another 3 years until the Paris agreement would be agreed upon and adopted.
1.2.2.

Paris Agreement

The 2015 Paris Agreement encourages all signatory parties to develop domestic adaptation strategies
to cope with climate change, both from the standpoint of mitigation and adaptation (UNFCCC, 2015).
Though the document does not refer specifically to space-based adaptation, the Agreement’s wording
is vague enough that it could be argued to be part of its intended meaning. The Agreement’s party
members commit to reduce their national GHG emissions by 2020 (UNFCCC, 2015). The agreement
encourages adaptation efforts with a focus on adaptive capacity, increasing resilience, and limiting
climate change vulnerability. The agreement aims for states to adapt and finance to reduce the
emissions of GHGs to prevent the global average temperature from exceeding between to 1.5-2°C
(UNFCCC, 2015). The Paris Agreement creates an obligation for member states to regularly report to
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the UN, but there is no enforcement mechanism and the targets they set are voluntary (UNFCCC,
2015). Today, 196 countries have ratified the treaty (United Nations, 2017), which makes the Paris
Agreement almost universal though the US withdrawn recently.
1.2.3.

European Union (EU)

The EU recognizes the need to not only monitor and mitigate environmental hazards linked to climate
change, but also to adapt to them (European Commission, 2013). Europe has already experienced
extreme weather events such as floods. There is an understanding among member states that
although impact may vary across the EU, climate change creates universal problems of economic loss,
deteriorating public health problems and high mortality rates.
The EU commission has adopted a strategy in April 2013 with three main objectives (European
Commission, 2013). First, it promotes adaptation action among the EU member states. To help with
this, the EU provides guidance and funding on both national and local levels. Second, it promotes
better-informed decision-making by using the European Climate Adaptation Platform (ADAPT)
(European Commission, 2013). This platform is aimed at providing all relevant data to the member
states. The final objective is to recognize adaptation in specific areas, such as agriculture and fisheries,
to ensure a European infrastructure that is more resilient to different kinds of disasters (European
Commission, 2013). To implement the policy, the EU has decided on eight actions. These include
encouraging member states to adopt climate change adaptation strategies, community capacity
building and to support adaptation in cities allowing them to advance on a voluntary basis, based on
the model of the Covenant of Mayors (European Commission, 2013). These adaptation strategies will
promote cross-sector economic growth and build resilience to climate related events.
1.2.4.

National Policy (NAPs)

Countries can establish national adaptation plans (NAPs) to “identify medium and long-term needs,
and develop and implement strategies and programmes to adapt to the adverse effects of climate
change” (Abeysinghe, Dambacher and Byrnes, 2017). To date, 11 countries have adopted NAPs and
submitted them to the UNFCCC (UNFCCC, n.d.). A majority of countries that are prone to air pollution
and flooding, either have previously, or are currently building adaptation strategies. Our host country,
the Netherlands, has had adaptation strategies for over a decade (Ministry of Infrastructure and the
Environment, 2016).
1.2.5.

Regional/Local Policy

For many countries, flooding is a problem at regional and local levels. Typically, regions, states, and
cities with low-lying lands close to the ocean or rivers have a more immediate need for flooding
adaptation strategies to possible flooding events than water remote territories. The size of the
communities at risk of flooding varies depending on location. Local strategies will depend heavily on
the local contexts, which is why our report discusses two case studies in chapter 3. Our first case study
elaborates on the local context in Dhaka, Bangladesh, and how this impacts the solution we are
proposing. Our second case study discusses options for Rotterdam, a city in the Netherlands that could
host a pilot project for advanced city adaptation concepts. We decided on this city because it is a
Dutch city with a comprehensive adaptation strategy (Gemeente Rotterdam, 2015).

1.3. Commercialization of Environmental Challenges
Discussing the commercialization of environmental hazards is a controversial topic. Often because
adapting to environmental challenges and economic growth are discussed as incompatible. Rather
than overlook economic opportunities, our report considers whether our team’s solution could be
commercialized.
Commercialization is the process of managing or running a service for financial gain. To consider
commercial opportunities related to environmental challenges, we must understand the difference in
Adapting to Water and Air Realities on Earth
Page 12

cost of adapting to environmental hazards versus not adapting to them. Clarity is needed regarding
the advantages and disadvantages of different potential solutions for effective climate change
adaptation.
Climate change adaptation planning for the future is important, even where there is uncertainty in
our ability to develop solutions that address existing and future environmental risks. It is necessary
that our project consider the future value of our findings, and the importance of alternative future for
current generations. Design, implementation, and evaluation of possible solutions need to occur for
meaningful results.
Though our report will expand on this point in the following chapter, we consider strategies to increase
the ability of cities in LDCs to predict flooding events and air pollution. The economic assessment of
such adaptation measures focuses on the management of uncertainties and risks. There is a need for
risk management and learning. (Tröltzsch et.al, 2017, p.7). Such research into disaster risk
management will be of interest to insurance companies that can help assess environmental risks and
the cost of adapting to natural hazards (Johannsdottir, L., 2014). Even if the solution we describe in
this report is not commercially viable, insurance companies will still have an interest in understanding
the severity and uncertainties of potential climate induced risks (Glaas, E., Keskitalo, E. C. H., and
Hjerpe, M., 2017).

1.4. Conclusion
In this chapter we have explained the definitions and scope of our project. We explain our choice for
using the IPCC’s definition of climate change, describing the difference between mitigation and
adaptation, and our rationale for how space-based technologies could help cities in LDCs adapt to
flooding events and air pollution. In chapter 2 we will discuss our team’s solution to these
environmental hazards and analyze it from interdisciplinary perspectives.
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Chapter 2. The Solution
In this chapter, we describe the space based solution AWARE which can offer aid in adaptation to
climate change. AWARE, is a first in that it integrates space-aided and ground-based information for
BOTH air pollution and floods. AWARE makes use of an artificial intelligence (AI) for an evolved form
of an Early Warning System (EWS). This Integrated EWS (iEWS) has potential to be used with additional
hazards beyond the initial scope of flooding and air pollution; such as, earthquake prediction. The
topics discussed are related to the common aspects of the iEWS solution and the smart city concept
that can work in parallel or independently.
The first section outlines the general aspects common to the iEWS and the smart city. Initial discussion
related to the AWARE Foundation cover the legal vehicle to promote the AWARE solutions. We outline
our considerations concerning its legal personality and its setup as well as a rough outline of a business
plan for the foundation. Furthermore, we address fundamental questions common to the iEWS and
the smart city concept of our solution, such as the cooperation with national governments and
international partners and how to organize outreach and awareness activities for AWARE.
Details of the iEWS element of the AWARE solution are address in the second section. After a short
analysis on how current early warning systems for air quality and floods work, we will display the
advantages of the AWARE iEWS over existing systems.
Functionality of the iEWS is explained in great technical detail. It requires data from the space segment
and date from the ground segment where additional sensors provide in situ information The AWARE
database uses AI to help filter the relevant information for the iEWS which is then distributed to the
appropriate media for communicating alerts.
In the third section of this chapter, we address how the AWARE solution allows cities to adapt to floods
and air pollution in the absence of an immediate crisis. Our research has presented the need for cities
to adapt to climate change, other than in times of crisis, to become “smart cities” that are less
impacted by climate change. AWARE offers an easy way to adapt urban infrastructure.
This paper describes in detail the idea to develop urban planning through the use of smart lampposts
that are space aided indicators of air pollution or flood risks that a city may face. The lampposts are
an example of spin off space technology as the indicators on the lamppost are a coating material used
in space to protect satellites from extreme temperatures. The business and commercialization aspects
of the smart city concept also address the positive impact on outreach and awareness raising of a
visual solution like the smart lampposts being a local public indicator for both air quality and flood
risk.
The smart lamppost exemplifies how standard infrastructure can be used to make cities ‘smart’ via
adaptation planning.
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2.1. AWARE Foundation
2.1.1.

Non-profit organization setup

We propose a non-profit organization, named AWARE, that will provide two separate services. Top
down system is gaining insight into the sub-systems in a reverse engineering fashion AWARE being a
non-profit organization the management is governed by the CEO he is the one responsible for
implementing the decisions of the early warning systems. Non-profit organization has a dual focus it
focuses on the organizations and its viability. The first is installing an integrated early warning system
(iEWS) and aiding in consultation for cities and governments in LDCs to develop and implement an
adaptation plan to fully utilize and make use of the system. The second is aiding in consultation for
cities and governments in cities at risk, focusing on developing countries, for smart city adaptation
with infrastructure development integrating hazard warning and response tools, introducing as a first
pilot project a smart street lighting solution. In accordance to city’s requirement the organization will
work collectively and generate long term adaptation policy.
2.1.2.

iEWS and Smart Cities Implementation

When offering different services to countries, regions and municipalities, it is important for AWARE to
have its own legal rights and duties, or “legal personality.” Due to the beneficial conditions for
establishing entities in Swiss territory,” we suggest establishing AWARE in Switzerland (The Heritage
Foundation, 2018), as a foundation. The location for non-profit organizations is particularly relevant
as it provides credibility and legitimacy in the eyes of international business partners (Sonora, 2008).
Switzerland, because of its independent and stable political position, meets these requirements. There
are also a number of non-profit organizations with international business already located in
Switzerland, such as the World Meteorological Organization, which is one of the prime organizations
to monitor the atmosphere, that are potential partners of AWARE. In the case of non-profits, this is
important as the services or products provided are often difficult to evaluate. Traditionally non-profit
organizations are community centered; however, since AWARE is a global entity using global space
assets, the community of interest is also global. This community will consist of all cities, regions, and
countries that benefit from AWARE’s services.

2.1.2.1.

Swiss law legal considerations

Since the 14th century, Switzerland has attracted non-profit organizations and created a modern
foundation and association law in 1907, which served later as a basis for the Swiss Civil Code in 1907.
“Key actors in the field of charity worldwide have their seat in Switzerland and play an important role
in health, environment and disaster relief, …” this the primary legal framework addressing
foundations. The Code requires the founders to specify the purpose of such organization and the
payment of an initial investment. Once founded, the organization becomes a legal entity and is subject
to corporate income and capital taxation. The foundation’s benefits are subject to Swiss profit tax
(Foundation Source, n.d.). The deposits by the founders at the point of establishment or at a later
stage are not taxable. In Switzerland a foundation does not embed in its legal form a charitable status
with an automatic tax exemption. To benefit from tax exemption, the foundation has to apply to the
tax authority of the place of its seat (Foundation Source, n.d.). A foundation requires a minimum initial
investment of approximately 50.600 USD. While foundations are not required to have a charitable
purpose (act in the interest of the general public) under Swiss law, AWARE will aim for such status
given its mission statement and purpose. Once the purpose has been defined, it cannot be amended.
Advantages of establishing AWARE as a foundation rather than an association are that the foundation
can perform commercial activities under Swiss law. The fact that the purpose cannot be changed
contributes to the stability of the foundation with its moral credit donors. The direct supervision by
the Swiss government adds further to its good image. Since the foundation has international scope
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and is thus subject to national supervision instead of canton level, it does not matter which canton it
is based in. Swiss law does not require the founders of the foundation to be Swiss citizens neither do
they have to live there, at least one of the board members, however, has to be located in Switzerland.
The board members have to work on an honorary basis while the executive team may receive
adequate remuneration. AWARE would aim for such status, as given in its mission statement.

2.1.2.2.

Non-profit status

The AWARE foundation would be registered as a non-profit organization. Non-profit means “A
business organization that serves for public benefit and therefore enjoys special treatment under the
law. It is important to underline that a non-profit organization is not banned from generating profit, it
is only important that the organization reinvests its profits into the purpose it is created for and does
not distribute them to its staff (Entrepreneur Europe, n.d.). The foundation may be subject to further
limitations by national statutes for non-profit organizations. These additional constraints may vary
from one country to another but do not prevent Non-Governmental Organizations (NGOs) to become
active internationally. As a foundation, AWARE can operate an early warning system that is offered
free of charge to multiple countries. At the same time, it can offer commercial services such as advising
on adaptation plan development for urban areas.
2.1.3.

Economic Benefit of AWARE

AWARE’s solutions allow people in high-risk zones for air pollution or flooding to prepare, adapt and
properly respond to an emergency situation before it is too late. While saving lives and protecting
public health is the main goal and most important benefit, the AWARE can also help to reduce
economic loss.
In many developing countries, Early Warning Systems (EWSs) are not a priority and investment focus
lies on immediate necessities of daily life. Preparing for possible future disasters is often neglected,
which can lead to far greater loss further down the line. Adaptation to flood and air pollution risks to
prevent economic and human loss by way of early warning systems is a proven concept in many
developed nations, and ideally should be adopted worldwide (The Word Band, n.d.).
As a result of European hydro-meteorological services (i.e. weather and river run-off forecasts) and
EWS, it is estimated that several hundred lives, and assets valued at 460 million to 2.7 billion Euros
are saved annually (Hallegatte, 2012). The latest study by the World Bank (Hallegatte, 2012) shows
that if similar EWS were implemented in all developing countries, 23,000 lives could be saved per year
and the loss of $300 million USD in assets could be avoided. The current assumption is that using EWS
can reduce deaths from weather events in around 50%. Results from China, Cuba, and Bangladesh
show that such a reduction is possible (Hallegatte, 2012). Today, the most expensive parts of the EWS,
such as the remote sensing data from Earth observation satellites, and the global weather forecast
system have already been implemented. Therefore it is possible to implement EWS at a relatively lowcost and with high return on investment at national level. Considering an investment of 1 billion USD
annually worldwide, it is estimated that the total benefits from iEWS can reach up to 4 to 36 billion
USD (Hallegatte, 2012).
Our proposed solution is a readily available tool customizable for each target city that can save lives
and prevent significant loss of assets in many countries. The solution may even create additional
economic benefits due to optimized economic activities.
2.1.4.

Cooperation with National Governments and Local Authorities

AWARE can only offer its solutions in any country in cooperation and with the support of the
respective national government. One potential partner, the United Nations Platform for Space-based
Information for Disaster Management and Emergency Response (UN-SPIDER), ensures that all
countries and international and regional organizations have access to, and develop the capacity to use
all types of space-based information to support the full disaster management cycle at national level
Adapting to Water and Air Realities on Earth
Page 16

(UN-SPIDER, n.d.). As such, UN-SPIDER can be a key facilitator in establishing this cooperation with
local authorities, also at city level. In order to setup AWARE’s solutions a number of details and
processes must be agreed upon. For example, contact points between the AWARE Foundation and
national broadcasting and cellular network services need to be established. Additionally the respective
government will for example need to agree to the thresholds for air pollution and flooding that trigger
the individual alarm levels.
2.1.5.

General Functionality of the AWARE System

The general principle is that when air pollutant concentrations or flood indicators meet these
thresholds, the artificial intelligence (AI) triggers early warning messages at four different risk levels
for air pollution and three different levels for flood risks. The messages may include instructions as to
what kind of action individuals can take.
The four levels of air quality are:
Level 1: Air quality is optimal – no restrictions for outdoor activities.
Level 2: reduced air quality – people with respiratory problems should avoid strenuous outdoor
activities.
Level 3: high air pollution – public should reduce outdoor activities, high risk groups and children
should limit their outdoor stays to a minimum, consider wearing respiratory masks.
Level 4: Very high air pollution – avoid outdoor stays, wear respiratory masks, consider evacuation or
move to a safe zone.
The three levels of flood risk warnings are:
Level 1: Low flood risk – stay informed and aware
Level 2: Medium flood risk – prepare yourself and your surroundings for possible floods
Level 3: High flood risk – take immediate action and prepare for evacuation if necessary
To determine the degree by which an alert should be triggered, or color activated on our AWARE
lamppost, AWARE shall by default work with standards developed by organizations under the
umbrella of the United Nations level whenever possible. Such universally accepted standards should
serve as basis for the trigger thresholds of early warning messages. An example would be the ambient
air quality standards proposed by the WHO for air pollution warnings (WHO Regional Office for
Europe, 2006).
In case AWARE’s default standards are not acceptable for a certain country, we consider it preferable
that the Foundation provides an iEWS even with national standards deviating from those of the UN
Organizations. We give this preference because the iEWS will still have a beneficial human impact,
even if warnings are issued at thresholds that are less protective than UN standards.
EWS adoption for flooding requires a similar agreement with national governments. Several countries
have established flood maps outlining the baseline levels for fresh and saltwater and indicating to
what extent deviations constitute flooding (The Department of Homeland Security, n.d.). Satellite data
is crucial to this task and serves as support for regular map updates. The accuracy of these flood maps
is important for the AWARE iEWS to trigger the right level of alert, and also to aid development of
insurance and local adaptation plans (Florida Community Resiliency Initiative Pilot Project, 2017)(
HBO, 2017).

Adapting to Water and Air Realities on Earth
Page 17

In the short term, we would implement the system with local standards, which may then be readjusted
once the iEWS is in place and local partners have gained more trust in the reliability of data obtained
by space technology.
2.1.6.

Space Technologies for Climate Change Adaptation

Information on climate change and its environmental effects has greatly improved with advances in
remote sensing satellites and sensors. Earth observation satellites in both geostationary and polar
orbits provide day-to-day information on weather patterns, land use and degradation, urbanization,
sea surface, and numerous other variables relevant for adaptation strategies. Remote sensing is a
state-of-the-art technology that provides valuable data on flood risks and air quality, for instance, by
continuous monitoring of atmospheric parameters as well as water surface parameters (Jeyaseelan,
2003). The geostationary and medium earth orbit satellites provide continuous monitoring of the
Earth for weather and cyclone monitoring although the observations usually have coarse spatial
resolution. The remote sensing data of satellites in near polar sun synchronous orbits comprise highresolution images and sea surface monitoring with low temporal frequency. Earth observation
satellites are a valuable tool to monitor variables for flood and air pollution forecasts in order to
provide countries, regions, and cities with early warnings of hazardous flooding events or an increase
in air pollution.
2.1.7.

Can we use open source data?

Table 2 - and Table 3 - show a non-exhaustive list of the main satellites and sensors used for flood
warning and air quality monitoring. We deem this particular set of satellite data reliable, as in most
cases it is for scientific use and not commercial intent. If the data is used for social applications (noncommercial, scientific and social), there will be no infringement of intellectual property rights. If the
iEWS uses this satellite data to provide consultation for long-term climate change adaptation, a
thorough analysis of the commercial nature of such consultation will need to be made. In such cases,
the resulting additional costs from that estimate may need to be considered in the cost benefit
analysis.
Table 2 - Satellites and Sensors used in flood warning.

Sensor group

Satellite/Sensor

Data is open source

Coarse resolution

NOAA/AVHRR

Yes

Terra/MODIS
Suomi NPP-VIIRS
Sentinel-3 OLCI

Yes
Yes
Yes

Landsat

Yes

IRS AWiFS
IRS LISS III
Aster
Sentinel-2 MSI

No
No
Yes
Yes

LISS IV

No

IKONOS
QuickBird
WorldView

No
No
No

Medium resolution

High resolution
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Sensor group

Aerosol

Ozone

Satellite/Sensor

Data is open source

ZY-3
GF-1/GF-2

No
No

Sentinel-5P/TROPOMI

Yes

MetOp/AVHRR

Yes

Suomi NPP/VIIRS

Yes

Terra/MISR

Yes

Terra/MODIS
NOAA-N Prime/AVHRR

Yes
Yes

CALIPSO/CALIOP

Yes

FengYun-3/MERSI

Yes

HuanJing-1/CCD
GaoFen-5/DPC

Yes
No

Sentinel-5P/TROPOMI

Yes

Table 3 - Satellite/Sensor used in air quality

Sensor group

Satellite/Sensor

Data is open source

Coarse resolution

NOAA/AVHRR

Yes

Terra/MODIS
Suomi NPP-VIIRS
Sentinel-3 OLCI

Yes
Yes
Yes

Landsat

Yes

IRS AWiFS
IRS LISS III
Aster
Sentinel-2 MSI

No
No
Yes
Yes

LISS IV

No

IKONOS
QuickBird
WorldView
ZY-3
GF-1/GF-2

No
No
No
No
No

Sentinel-5P/TROPOMI

Yes

MetOp/AVHRR

Yes

Suomi NPP/VIIRS

Yes

Medium resolution

High resolution

Aerosol
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Sensor group

Ozone
2.1.8.

Satellite/Sensor

Data is open source

Terra/MISR

Yes

Terra/MODIS
NOAA-N Prime/AVHRR

Yes
Yes

CALIPSO/CALIOP

Yes

FengYun-3/MERSI

Yes

HuanJing-1/CCD
GaoFen-5/DPC

Yes
No

Sentinel-5P/TROPOMI

Yes

Communication Channels

The iEWS alerts should be disseminated in as many ways as possible in the affected area, to reach the
maximum number of people. We envisage alerts through radio, on remotely controlled public
advertisement screens, and through short messages to individual cell phones. While other forms of
warning (e.g. billboards, radio, and television) also have a broad audience, the dissemination of
information to individual cell phones has the advantage of reaching people directly and in a more
personal way. We note that SMS systems are not 100% reliable for the timely transmission of
emergency messages (Cellular News, 2008). We nevertheless consider that it is still a very efficient
and quick way to reach a large proportion of a community. Market adaptation to mobile phones has
experienced exponential growth in the developing world (Degliseg, 2012). Cell phones are equally
omnipresent in developed countries, with a particularly high density in cities, which are the main focus
of the AWARE system. Short messages will reach people in an easy and efficient way without the need
of extra applications or a smartphone. The existence of Flash SMS (messages being displayed on the
home screen instead of a SMS Inbox) can help to reach a maximum amount of people quickly.
However, there are a few obstacles to SMS delivery, notably the delivery of many SMS messages in a
short time, across a large area (Nexmo, 2015). AWARE should research the different conditions and
limitations that countries have for the sending of bulk SMS. Cooperation would be needed with
national cellular network providers to agree upon the length of the message. Previous SMS services
have experienced a challenge in the timing of widely distribution of information (Degliseg, 2012). EWS
messages are time critical and this challenge must be overcome to minimize the time frame required
to reach a full community.
The reaction time for warnings varies significantly between floods and air quality. While air pollution
usually builds up over time, flooding can occur quickly (breaking of a dyke, heavy rainfall). The distance
from the source of flooding/air pollution to the community at risk adds another variable to the
equation.
To minimize the reaction time of the iEWS it is preferable to send the warnings in cooperation with
national cellular network providers (and other broadcasting services) for the AWARE iEWS to work
optimally in the case of emergency. Ideally, the AWARE warnings would be issued without prior
involvement of any national authorities, allowing maximum time for appropriate public reaction. We
suggest the network providers should send the EWS message directly to their customers. This way
AWARE will not have access to personal data, and administration of such data remains in the hands of
those that have them anyway.

Adapting to Water and Air Realities on Earth
Page 20

2.1.9.

Education and Outreach for City Involvement

According to the UNFCCC Secretariat Guidelines for Partnership the UNFCCC is highly interested in
partnerships with business and other entities which can help achieving its goals. This partnership is
emphasized to be beneficial for both the UNFCCC and the AWARE Foundation. Also UN-SPIDER could
become one of the key partners of the AWARE Foundation when establishing an iEWS for cities (UNSPIDER, n.d.). As UN-SPIDER’s mission is “making space technologies available for humanitarian aid
and emergency response,” (UN-SPIDER, n.d.) a partnership with the AWARE Foundation could be very
beneficial. UN-SPIDER works with international and regional organizations, space agencies, and
national civil protection agencies for disaster risk reduction (UN-SPIDER, n.d.).
UN-SPIDER can contribute with political advice and contacts with national authorities through their
Technology Advisory Missions. AWARE is able to offer a ready-to-go space-aided system for
emergency warnings with a number of advantages over the present system in place. UN-SPIDER may
find AWARE system useful during emergency situations when there is the need for data dissemination
to communities through national authorities. Using its contacts and network, UN-SPIDER could help
to disseminate the information effectively.
2.1.10.

Awareness opportunities

The iEWS can contribute to raising public awareness without the occurrence of a hazardous event. It
is vital that comprehensive information on air pollution or flood risks is provided in communities, to
increase public awareness. For example, creating a better public understanding of the sources of air
pollutants and floods is a very important catalyst for communities to be able to adapt to these risks
on a daily basis.
Regarding policy, municipalities can decide to declare flood prone areas as non-construction or
reserved for specially designed structures, parks or recreation. However, it may be difficult to enforce
a building ban for larger areas in densely populated cities. Municipalities can create incentive and
taxation schemes in designated areas to circumvent these issues. An incentive approach could
promote reinforcement of buildings, bridges and other infrastructure in areas where there is a high
flood risk. Such incentives have been implemented successfully in Israel as part of a National Master
Plan (NMP 38) for earthquake preparedness. This policy encourages private constructors to reinforce
residential buildings by allowing them to add extra floors. This motivates entrepreneurs who can earn
money from the extra floors at the same time reinforcing the existing building. In areas that are more
prone to air pollution, additional legislation can be introduced, following the example of many
European regions such as the Netherlands (Ministry of Infrastructure and Water Management, n.d.).
A taxation approach could be implemented in LDCs, whereby higher taxes could help to pay for the
implementation of better adaptation strategies. Taxation could be direct (charging the businesses), or
indirect, such as specific insurance requirements that would help to cover potential damage. The
United Nations Development Program (UNDP) suggests that governments promote and incentivize
such insurance schemes.
The iEWS could also help to locate places previously prone to floods or low air quality that are now
free from risk as identified from space-aided remote sensed mapping. This would allow building work
to resume in previously abandoned areas and would aid city planning and development.

2.2. integrated Early Warning System (iEWS)
Very large volumes of satellite and ground sensor data are available online to use for disaster
management and emergency response. Appropriate systems need to be developed to use this
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information to protect people from natural disasters. Advances in technology enable us to create
effective solutions that aim to reduce response time in the case of emergencies.
This team project proposes an integrated early warning system (iEWS) for flooding and air pollution
events in cities and other urban areas. The iEWS is the first of its kind to integrate space- and groundsourced early warning information for both air pollution and flood management. It is customizable to
each particular city based on geographical considerations, infrastructure, and level of development.
The proposed system could be expanded in the future with more modules associated with additional
risks or the specific needs of each city, including coping with hazards such as heat waves or diseases.
The iEWS uses information from multiple space-based and ground-based sources, and analyzes them
via an AI system with high performance computing facilities. The results from this analysis will trigger
accurate alarms for flood and air pollution scenarios that will be distributed through various media
channels to reach the specific people under threat.
The main problem in any early warning system is false alarm due to inconsistency of the input data
sets and human error (Sättele, Bründl and Straub, 2015). One of the objectives of the proposed iEWS
is to reduce such uncertainty by using multisource data and a machine-learning decision support
system to ensure higher reliability. The iEWS consists of three segments (see Figure 4 -):
1. Sensor Network
2. Data Analysis
3. Data Distribution

Figure 4 -

Schematic of the iEWS with iths three segments. These segments are namely, getting data through
earth observation, data processing and analysis, and data disseminastion.

2.2.1.1.

The Three Segments of the iEWS:
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2.2.1.1.1. Sensor Network
The sensors used for iEWS gather data on air pollution and floods are either space-based or groundbased. They may also include sensors already available in cities, or sensors specifically implemented
and installed for the iEWS. This network therefore processes data from various remote sensing
satellites, GNSS, and ground sensors; a sample of these potential satellite and ground resources are
provided in the following sections.
2.2.1.1.1.1.

Space-Based Sensors

There are several space-based sensors that can be used to monitor both air pollution and floods, while
others are distinct to only one. For instance, data provided by the global navigation satellite systems
(GNSS), digital elevation models (DEMs), and wind maps are important for both floods to determine
flow direction, and for air quality to determine the spreading of pollutants. On the other hand, sea
level measurements based on satellite altimetry and precipitation maps may mostly be applicable to
flood monitoring.
A non-exhaustive list of satellite sensors worldwide that can be used for floods monitoring is provided
in Table 4 -. Much of the satellite data is free to use. However, the spatial resolution for free available
data is usually limited to 10 m. Higher resolution data is only available for a fee. We also note that
sensors with higher spatial resolution usually have a worse temporal resolution creating a trade-off
between the two. Data from other sensors can be augment the dataset for different phases of flood
management. Usually there is thick cloud cover during times of flooding that is caused by
precipitation. This could mean the optical sensors are less useful, and radar satellites would be
preferred. Some of these are discussed later in Table 3 when presenting radar altimetry.
Table 5 -presents a list of satellite sensors for detecting air pollution. It shows that for air quality, there
is currently no sensor available with very high spatial resolution (<250 m). For most of the parameters
the temporal resolution is on the order of a day. The data is useful for monitoring a large region on
earth with each orbit, but frequent updates and pin-pointing the pollution sources from satellite
sensors is not yet possible. This means they have to be augmented with ground-based sensors for
localized air quality monitoring.
Table 4 - List of satellites and sensors for flood monitoring with the details of the specific sensors (adapted
and updated from Huang et al., 2018)

Number
Satellite/Sensor of
bands
NOAA
5
AVHRR
MODIS
36
Coarse
resolution Suomi
NPP22
VIIRS
Sentinel-3 OLCI 21
Landsat
4-9
IRS AWiFS
4
IRS LISS III
4
Medium
resolution SPOT
4-5
Aster
14
Sentinel-2 MSI
13
Sensor
group

Spatial
resolution
(m)

Temporal
resolution
(day)

Data
distribution Agency
(cost)

1100

0.5

No

NASA

250-1000

0.5

No

NASA

375-750

0.5

No

NASA

300
15-80
56
23.5
2.5-20
15-90
10-60

2
16
5
23
26
16
5

No
No
Yes
Yes
Yes
No
No

ESA / EUMETSAT
NASA
ISRO
ISRO
CNES
NASA
ESA
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Sensor
group

Number
Satellite/Sensor of
bands

Spatial
resolution
(m)

Temporal
resolution
(day)

Data
distribution Agency
(cost)

QuickBird

5

1-4

2.7

Yes

DigitalGlobe

WorldView

4-17

0.61-2.24

1-4

Yes

DigitalGlobe

RapidEye

5

0.31-2.40

1-5.5

Yes

RapidEye
Ministry of Natural
Resources of the
People's Republic of
China

ZY-3

4

2.1-5.8

5

Yes

LISS IV

3

5.8

5

Yes

GF-1/GF-2

5

1-16

4-5

Yes

5

1100

0.5

No

NOAA

36

250-1000

0.5

No

NASA

22

375-750

0.5

No

ESA

15

300

3

No

ESA

Sentinel-3 OLCI
Landsat
IRS AWiFS
IRS LISS III
Medium
resolution SPOT
Aster
Sentinel-2 MSI
IKONOS
QuickBird

21
4-9
4
4
4-5
14
13
5
5

300
15-80
56
23.5
2.5-20
15-90
10-60
1-4
1-4

2
16
5
23
26
16
5
1.5-3
2.7

No
No
Yes
Yes
Yes
No
No
Yes
Yes

ESA
NASA
ISRO
ISRO
CNES
NASA
ESA
DigitalGlobe
DigitalGlobe

WorldView
High
RapidEye
resolution
ZY-3
LISS IV
GF-1/GF-2

4-17

0.61-2.24

1-4

Yes

DigitalGlobe

5
4
3
5

0.31-2.40
2.1-5.8
5.8
1-16

1-5.5
5
5
4-5

Yes
Yes
Yes
Yes

RapidEye
CAST
ISRO
CAST

NOAA
AVHRR
MODIS
Coarse
Suomi
resolution VIIRS

NPP-

MERIS

ISRO
Ministry
of
Natural Resources
of the People's
Republic of China

Table 5 - List of satellites and sensors for air pollution detection and their respective temporal and
spatial resolution.
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Satellite
/Sensor

Spatial
resolution

Temporal
resolution

Data
policy

Data
availability

Agency

Sentinel5P/TROPOMI

7km x 3.5km

1d

free

2018-

ESA

MetOp/AVHRR

1.1km

Not
applicable

free

2006-

ESA/EUMETSAT

300-750m

1d

free

2011-

NASA

275m
0.25-1km

9d
1-2d

free
free

19991999-

NOAA-N
Prime/AVHRR

1.1km

1d

free

2009-

CALIPSO/CALIOP

30-60m

Not
applicable

NASA
NASA
Ministry of Natural
Resources of the People's
Republic of China

free

2006-

FY-3/MERSI

0.25-1km

5.5d

free

2008-

HJ-1/CCD

30m

4d

pay

2008-

GF-5/DPC

-

1d

pay

2018-

Sentinel5P/TROPOMI

7km x 3.5km

1d

free

2018-

ESA

MetOp/AVHRR

1.1km

Not
applicable

free

2006-

ESA/EUMETSAT

3d

free

2006-

ESA/EUMETSAT

2d

free

2006-

ESA/EUMETSAT

1d

free

2004-

NASA

free

2004-

NASA

free

2011-

NASA
NASA

Suomi
NPP/VIIRS
Terra/MISR
Terra/MODIS

MetOp/GOME
MetOp/HIRS/4
Aura/OMI
Aura/MLS
Suomi
NPP/OMPS
NOAA-N
Prime/HIRS

40km x
40km
20km
13 km x 25
km
vertical
15km
50km

Not
applicable
Not
applicable

NASA & CNES
China Meteorological
Administration
Ministry of Ecology and
Environment of the People's
Republic of China
Ministry of Ecology and
Environment of the People's
Republic of China

20km

-

free

2009-

FY-3/TOU

50km

Not
applicable

free

2008-

FY-3/SBUS

200km

Not
applicable

free

2008-

China Meteorological
Administration
China Meteorological
Administration

OCO-2/OCO

1.29km x
2.25km

Not
applicable

free

2014-

NASA/JPL

10km/0.5km

5d/3d

free

2009-

JASA

GOSAT/TANSOFTS
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Satellite
/Sensor

Spatial
resolution

Temporal
resolution

Data
policy

Data
availability

FY-3/GAS

-

2-3d

free

2008-

Agency

China Meteorological
Administration

GF-5/GMI

3.3km

10d

pay

2018-

Ministry of Ecology and
Environment of the People's
Republic of China

Sentinel5P/TROPOMI

7km x 3.5km

1d

free

2018-

ESA

MetOp/AVHRR

1.1km

free

2006-

ESA/EUMETSAT

MetOp/IASI

free

2006-

ESA/EUMETSAT

free

2004-

NASA

free

2004-

NASA

free

2004-

NASA

Terra/MOPITT

12km
vertical
1 km
vertical
15km
0.53km x
5.3 km
22km

free

1999-

GF-5/EMI

13km

pay

2018-

NASA
Ministry of Ecology and
Environment of the People's
Republic of China

Aura/HIRDLS
Aura/MLS
Aura/TES

Not
applicable
2d
0.5d
Not
applicable
Not
applicable
5d
1d

GNSS
While the primary function of global navigation satellite systems (GNSS) is for navigational purposes,
they have many applications for the iEWS for both air and floods.
For example, troposphere moisture content (associated with precipitation) is a cause of delay in the
GNSS signal (Zhao et al, 2016). This delay is directly proportional to the density of precipitation. This
relationship can be used to predict flash floods, and also allows precipitation water vapor (PWV) values
to be derived from GNSS observations (Zhao et al, 2016). The observed time delay is identified by the
iEWS as a predictive factor to forecast precipitation events. GNSS ground stations with temperature
and pressure sensors contribute to the model allowing forecasting with higher accuracy than spacebased sensors.
GNSS spin-off technologies can also provide some data to enhance the early detection of hazardous
air pollution events. Studies by Gorbuz, Gormus, and Altan (2017) and Lau and He (2017) emphasize
the fact that the GNSS signal propagation could be dependent on air quality and can therefore be
implemented into the iEWS.
Digital Elevation Models (DEMs)
A Digital Elevation Model (DEM) is a digital representation of the 3D surface of the Earth. Currently,
elevation information is available worldwide for every 30 m interval. High accuracy DEM is required
to compute more precise elevation data of the order of 15 m or better. For some cities, a high precision
DEM may need to be developed if initially unavailable. This DEM, in the form of a simple numerical
model or raster, is built in to our iEWS, which computes the slope from the DEM and predicts the
direction of water flow. For air pollution, using DEMs with high spatial resolution is important, as in
urban areas micro climatological effects influence the spread of pollution. Guidance maps are
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generated based on machine learning models from historical remote sensing data and slope
information from DEMs.
Wind Maps
Heavy rainfall and strong storms can cause flash floods in many regions. The sea surface, as the everchanging interface between ocean and air, transfers moisture and energy between the two realms.
Our iEWS uses wind profile models to forecast rainfall, storms, and sea surface variation. For instance,
satellites from the European Space Agency like ERS-1, ERS-2 and ASCAT-MetOp-A/B/C (Advanced
SCATerometer) provide wind profiles including speed and direction over ocean surface (ESA, 2004).
These can also be used in coastal cities for tracking the movement of air pollution.
Satellite Altimetry
Altimetry is a radar-based technology to measure the height of the sea surface. This is particularly
relevant for our iEWS because sea level rise is one of the identified causes of flooding. For example,
the French-Indian Satellite with ARgos and ALtiKa (SARAL) payloads provides measurements of sea
surface height anomalies in real-time. SARAL is a collaborative mission of the French-based National
for Space Studies (CNES) and the Indian Space Research Program (ISRO). ERS-1 and ERS-2 satellites
from the European Space Agency are other missions that provided global level sea surface height
information. The Jason-CS (also known as Sentinel-6) satellite will provide global level sea surface
height information as a continuation of the Jason series. Altimeter data with global coverage is free to
access online for the public. Our proposed iEWS will use this data to continuously monitor sea level
rise.
Table 5 - List of satellites with sensors related to sea surface measurements.

Satellite/Sensors

Space
Agency

Data

ASCAT-MetOp

ESA

Wind Map

NOAA

Tsunami detection

ESA
USA Air
Force
CNES,
NASA

Sea surface height

SARAL

CNES, ISRO

Sea surface height

Sentinel-1, Landsat

ESA, NASA

Shuttle Radar Topography Mission (SRTM)

NASA

Change detection over flood region
Flood direction, Wind direction, Safe
Zone analysis

Deep Ocean Assessment and Reporting
(DART) sensors
ERS-1, ERS-2, Sentinel-6
GPS
Jason-1, Jason-2, Jason-3

Precipitation content analysis
Sea surface height

Data Satellite Topography Maps
Satellite topographic maps are created using time series datasets. These datasets are analyzed to
detect the expansion of rivers, or other water bodies, over time. Our iEWS model uses this information
to predict floods accurately. The time-series analysis helps to identify safe zones as well as the steps
required for flood adaptation. Under the Copernicus program, a constellation of six Sentinel satellites
have been planned for Earth resource monitoring (ESA, 2016). The constellation aims to provide high
temporal data over any area of interest. Our iEWS system uses the temporal resolution of the
constellation to perform change detection and alerts on significant river expansions.
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2.2.1.1.1.2.

Ground Based Sensors

There are many different ground sensors that contribute to the iEWS. In the iEWS, data from ground
sensors are combined with data from space sensors. This combination increases the spatial and/or
temporal resolution. For example, sea surface data from satellite monitoring is combined with ground
sensors to increase temporal resolution. Some ground sensors are only applicable to monitor floods,
others only applicable to monitor air pollution. Ground based data is point data. Point data must be
processed, to turn it into continuous data for an area. It has the advantage of having higher spatial or
temporal resolution but usually over smaller areas than those that can be monitored from space.
Deep-ocean Assessment and Reporting of Tsunamis (DART) sensors use deep-sea pressure detectors
that measure changes in water depth as a tsunami wave passes overhead (Knight, W., 2005). The
sensors then transfer the information to a surface buoy that relays it to the monitoring stations by
satellite. The DART sensor is less vulnerable to earthquake damage than other ground sensors
(Gonzalez et al, 1998) making it ideal for monitoring tsunamis, which are often triggered by
earthquakes. Our iEWS integrates both altimetry and DART data to improve accuracy in predicting
hazardous events, and to issue early warning alerts.
An example of the use of ground-based sensors for adaptation, is the monitoring of artificial hydraulic
structures such as dams and dykes. These structures are continuously monitored via smart sensors.
Each sensor captures soil moisture, stress, and deformation parameters over time. Our iEWS model
will read these parameters over fiber networks and produce a local database of temporal analysis data
to predict flash floods or potential structural damage, with quicker turnaround times.
2.2.1.1.2. Data Analysis
The iEWS needs to combine all sensor network datasets into one system and analyze it in near realtime to provide accurate early alerts. Remotely sensed data, however, usually contains certain errors
due to complicated radiation transfer processes, which are corrected by the iEWS data analysis
(Richards, 2013). Ground-based monitoring can provide information on the type and the
concentration of pollutants, usually with higher accuracy (Lary et al., 2016). However, the groundbased observation points are far apart and as a result, we cannot get the continuous spatial
distribution over an area. For air pollution the iEWS would gather and analyze the chemical
(composition of the pollutants cloud) and physical (shape, altitude, color, etc.) characteristics
collected from space- and ground-based instruments. Once the model is developed, each pixel of the
Earth observation image can be calculated to generate the whole spatial concentration distribution of
air pollutants and floods on one map. With the help of machine learning technology, we combine
Earth observation data and ground-based data together to run this analysis.
To determine an air quality index, the iEWS defines some thresholds that provide information on the
severity of an air pollution event, and continuously tracks it for more accuracy. The thresholds may
vary for each location.
2.2.1.1.2.1.

Artificial Intelligence Introduction

A generic Artificial Neural Network (ANN) structure consists of three layers, an input layer, an output
layer, and one or more hidden layers (see Figure 5 -). The hidden layer consists of multiple processing
nodes or functional elements. Datasets collected from various sources are fed into input layer. The
input data could be numeric values, images, or both. Each hidden layer node receives data from the
input layer and performs predefined functions on its respective data. The function is multiplied with
a weight assigned to the node and passed on to the subsequent layer. The weight of each hidden node
is determined based on how severe the impact of its input data is on the overall output.
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Figure 5 -

Artificial Neural Network – Example

Machine learning is the key activity in ANN. There are two types of machine learning techniques:
supervised or unsupervised learning (Varoonchotikul, 2003). Supervised learning is performed using
data sets observed over past events or well-known events. Unsupervised learning does not require
any advanced training. Instead, it learns from every new input dataset and is therefore mainly used
for data classification and pattern analysis.
AI Model for Flood Forecasting
The data sets received from satellite images and ground sensors have their own threshold criteria for
flood and air quality hazards. An additional challenge is that data from multiple sources do not usually
have a common format. For example, the data files collected from sea surface buoys are in numeric
format and the data files from a remote sensing satellites are in raster file format. ANN models enable
users to make decisions based on multivariate data sets.
Machine Learning: Air and Flood
The proposed iEWS uses supervised machine learning techniques for air quality and flood hazard
prediction. Satellite remote sensing and ground sensor data from past flood events are used as
training data for our ANN. The hidden layer nodes perform logical comparison function on the ANN’s
respective multivariate inputs. The nodes are assigned random weight values in the beginning. Output
of each node is the product of its function and weight value.
For a known past flood event, the output of the ANN is supposed to be 1 (true). The output of the ANN
will be a normalized value between 0 and 1. Initially, given that random weight values are assigned,
the output will not be 1. The error is thus estimated i.e., the difference between actual output and
desired output. To achieve the output value of 1, the user can adjust the weight value of the internal
nodes iteratively. This adjustment continues until the output value reaches 1 (Varoonchotikul, 2003).
The user repeats the same process using multiple past event data sets. At the end of this process, we
get a well-structured ANN model to fit into our iEWS that will be able to predict flood and air quality
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hazards. Training the model in this way for air quality and flooding events, will take approximately one
week, using a high performance computing facility such as a super computer, grid computing, or
cluster computing.
2.2.1.1.2.2.

High Performance Computing Facility

The iEWS involves large amounts of satellite and ground-based data for analysis using machinelearning techniques. This data often leads to long computational time, so decision-making can be
delayed. A main iEWS objective is to provide warning information with quick turnaround time or low
latency. To ensure delivery of this objective in the decision-making process, we intend to use
supercomputers for calculations and data storage.
2.2.1.1.3. Data Dissemination Segment
The last challenge of the iEWS is to effectively deliver information to all target end-users. Our system
provides continuous data to the local authorities and most importantly to the affected citizens. The
iEWS provides fast dissemination of warnings during flood situations or hazardous air pollution events,
for example, to help evacuate people to the safe zones as early as possible. The iEWS is unique in
generating evacuation maps to guide and navigate the people under emergency to safe zones. We will
distribute the early warning alerts through the following media: evacuation guidance maps, electronic
billboards, Internet portals, mobile phones (through both apps and SMS), radio stations, and TV alerts.
We will customize each of these depending on the coverage of the various media types in each
particular city.

Figure 6 -

The delivery of iEWS information to all target end-users

Figure 6 illustrates the connections between the different components and the iEWS. The iEWS uses
Web Map Services (WMS) and Web Feature Services (WFS) to provide flood alerts, real-time flood
maps, flood direction, and speed of inundation. The end-result is an interactive web-based geographic
information system (GIS) that integrates both GNSS and data from remote sensing satellites to provide
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situation and location information and guidance on hazardous event management. This web portal
extends its services to both government and the general public, to manage risks as optimally as
possible. The iEWS control center will transmit warning information to the gateway of the Internet
service provider through both the ground network and satellite data communication link, and then
will send the warning information to personal terminals through routers. PC and laptop users can
access the network via wired networks or wireless hotspots to obtain the warning information. Users
using desktop operating systems will be informed about the warning information through pop-ups
windows and other means. Users with handheld terminals such as smartphones and tablets can also
access warning information via wireless hotspots. Once the warning information is received, the user's
installed application will give the warning prompt.
The Internet of Things (IoT) enables electronic billboards to display local regional specific alerts. Textbased and graphical guidance on evacuating to safe zones and on the locations of medical facilities
can also be distributed by means of the IoT.
The iEWS will disseminate mobile alerts in the form of text messages comprising information on the
probable duration of the event. The 2G/3G/4G mobile communication network is an important
facilitator of warning information delivery. The iEWS control center can send warning information to
individual users in the form of network packets via the base stations of the mobile network. These
individual users can access the information through various applications. Smartphones receive alerts
with evacuation guidance maps; other phone models will receive evacuation details in text format. In
this way, all users will receive timely warning information regardless of phone model or type of
connectivity to mobile data service. When applicable, the alert system will also use news flashes,
video, and audio broadcasting channels. The iEWS control center can cooperate with satellite
broadcasting television networks, inserting the warning information into all the television programs
in the case of emergency. The iEWS control center will transmit warning information to radio stations.
This warning information can then be broadcasted to listeners by the station, via all FM and AM
channels.

2.2.1.2.

Summary of Solution

In conclusion, our iEWS proposal takes into account the specific hazards that different cities might
encounter. The iEWS integrates space-based and ground-based sensor data and analyzes it with the
help of AI technology. Warnings are then distributed to end-users and governments in near-real time
through various appropriate media channels to alert and manage any necessary evacuation
procedures. The iEWS is a modular system, which currently generates warnings regarding two types
of environmental hazards: floods, and poor air quality. In the future, we envisage including further
modules applicable to other types of hazards such as heat waves (i.e. local temperatures extremes
limited in time).

2.2.1.3.

AWARE Potential for Improving Health

Stress is a contributor to a range of health conditions, and it is preferable to reduce the worry
surrounding the risks of potentially damaging events (Schneiderman et al., 2008). The iEWS relies on
space-aided technology that is reliable and constantly updated. The dissemination of early warning
data, to at-risk populations can help reduce the stress involved in trying to pre-empt crisis situations.
We see parallels between the general public developing trust in space-aided iEWS to save them in
case of air pollution or sudden flooding, and iEWS in spaceflight where the lives of crews depend on a
well-functioning spacecraft (for example on board the ISS). Astronauts and cosmonauts count on EWSs
to detect radiation, space debris impacts, internal system malfunctions, and mental health issues such
as harassment, stress, alienation, or overload of tasks (Canadian Space Agency, 2006).
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We suggest incorporating the knowledge gained from astronaut training into outreach strategies for
informing the general public about iEWS. It can aid explanation of the function of the iEWS, and how
to correctly, efficiently, and swiftly act upon an iEWS alert. This outreach information should reassure
people that they are well adapted to cope with the occurrence of hazardous events.
2.2.2.

How Early Warning Systems Work for Air Quality and Floods

This section will outline how current early warning systems for air quality and floods work, will give
examples of current systems, and will evaluate their limitations and gaps.

2.2.2.1.

Air Pollution Monitoring

Early warning systems that monitor air quality are needed for air pollution forecasting, which is the
process of estimating the atmospheric composition over an area (such as a city) at a particular time
(Kolehmainen, Martikainen and Ruuskanen, 2001). Air pollutant monitoring is carried out using
satellite-based sensors along with the use of geographic information systems (GIS) platforms for
analyzing data. Estimating the real-time air pollution of a city involves both scientific and technological
models. To create forecasting models, developers combine remote sensing data from satellites with
mathematical modules and statistical data. Once the model is built, it can be automated to create an
air quality index from the relevant data. This index can be used in automated warning systems for the
public to indicate harmful levels of air pollution.
There is extensive literature on the application of early warning system for air quality or pollutant
monitoring. Xu’s work describes the method of an air quality early warning system for Chinese cities
(Xu, Yang and Wang, 2017). These processes and methods seem to be applicable to air pollution
models, in forecasting an air quality level estimation or index, which focuses on a scientific forecast
model for air pollutants (Wang et al., 2017).
Many major cities are using AQWS to help citizens avoid the negative health effects of air pollution by
proactively alerting registered users of pollution events near them. This can aid efficient decisionmaking and help suggest recommended actions. For example, if the air quality index shows toxic levels
of pollutants, people can exercise at home rather than outside or wear facemask to prevent pollution
inhalation. Existing warning systems include airALERT and airTEXT (UK), Luftkvalitet (Sweden), and
EnviroFlash (USA). These are examples of national services that allow registered users to receive alerts
via telephone call, text message, or email.
Increasingly, AQWS information is being shared through smartphone applications. One example is
London Air, which was developed by the King's College Environmental Research Group. The London
Air app displays the pollution concentrations of 100 monitoring stations across London in real-time. It
is fully integrated with Google Maps to implement a user-friendly "Locate Me" and postal code finder
function.

2.2.2.2.

Floods

Flood disaster management is generally categorized into three phases. The first phase is the
preparedness phase, where citizens are aware of a hazardous situation. The second phase is the
prevention phase, including forecasting, monitoring, and early warning generation. The third phase is
relief operation, which comprises response and mitigation plans to reduce further damage.
The remote sensing and GIS systems significantly contribute to flood risk management as they
integrate different datasets upon which spatial analysis and visualization can be done (Nikonorov et
al. 2016). The first step for formulating any flood management strategy is to identify the areas most
vulnerable to flooding. Remote sensing satellites play a significant role in the assessment of floods and
damages intensity (Sanyal and Lu, 2004). The present space aided framework for flood forecasting and
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assessment is provided in Figure 7 -. Various centers and organizations across the world are working
towards the use of space-based systems and space-based assimilation techniques.
The broad overview of current flood management solutions is:
- Early Warning and Risk Management
- Flood Risk Control and Relief

Figure 7 -

Framework for space-aided solutions (Akilan and Mulvay, 2018)

2.2.2.2.1. Early Warning and Risk Management
Remote sensing and meteorological satellites provide precipitation, moisture transport, and surface/
soil wetness data to establish hydrodynamic models (Jeyaseelan, 2003)1. Hydrological models play a
major role in assessing and forecasting flood risk (Jeyaseelan, 2003)1. These models require several
types of input data such as land use, soil type, soil moisture, stream/river base flow, rainfall
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amount/intensity, snowpack characterization, digital elevation model (DEM), and other static
data(Jevaseelan, 2003).
Predictive modelling can support disaster management schemes in implementing contingency plans
(Jeyaseelan, 2003,1 Plate, 2002). Allen et al. (2018) have provided a model and analysis of water flow
travel time over the entire global river network using satellite data (Figure 8 -). Flood hazard zoning
maps show a record of flood events and flood patterns over extended periods of time (Sharma et al.,
2017).
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Figure 8 Global map of river flow wave travel time to (a) basin outlets, (b) cities, (c) dams. Travel time refers to
the minimum temporal interval over which flow waves reach a given basin outlet/cities/dams (Allen et al.,
2018)3.

2.2.2.2.2. Flood Risk Control and Relief
Space-based technologies play an important role in addressing the damages caused by floods.
Authorities involved in disaster management require accurate, up-to-date information to identify the
affected areas for recovery. Remote sensing data can be used to identify suitable areas for re-building
damaged facilities and adjusting existing infrastructure. The different datasets of medium and high
spatial and spectral resolution remote sensing along with the spatial decision support systems can
help recover at a faster rate.
Relief refers to actions taken during, and immediately following, a disaster to address emergencies.
These actions include dealing with diversion of floodwater, evacuation, rescue, resettlement, water
pollution, health hazards, and handling the interruption of utilities. This is the most sensitive
management category since it involves rescue operations and the safety of people and property. The
medium resolution data can establish the extent of the flood damages and locate flood vulnerable
areas. High-resolution data is suitable for problem solving and for evaluating the damage intensity. It
can also be used as a reference regarding which bridges, roads, homes, and facilities need rebuilding.
The United Nations International Strategy for Disaster Risk Reduction’s (UNISDR) adopted Sendai
Framework for Disaster Risk Reduction, which includes four major priorities:
- understanding disaster risk
- strengthening disaster risk governance to manage disaster risk
- investing in disaster risk reduction for resilience
- enhancing disaster preparedness for effective response and in
recovery, rehabilitation, and reconstruction

2.2.2.3.

What Are the Gaps and Limitations of the Current Systems?

2.2.2.3.1. Air
Existing AQWS generally have limited coverage. This is because current systems focus only on one
country or one city. For example, China’s nationwide forecast system only covers 92 environmentally
protected cities; cities with prefecture status are not included (Kelly et al., 2012). Consequently, only
data from conventional pollutants common to these cities (including SO2, NO2, PM2.5, PM10) are
monitored, while other harmful gases generated elsewhere are overlooked. These omissions are a
problem because air particles can travel long distances, depending on wind, and do not necessarily
remain in one city. As a result, forecasted warnings do not accurately determine air quality changes in
urban settings (Kelly et al., 2012).
2.2.2.3.2. Floods
Currently many countries use space-based technologies for prediction of heavy rainfall events,
cyclones, and flood monitoring and assessment. However, technical expertise, high resolution data
availability, and centralized storage communication networks are limiting factors for the successful
collection and analysis of real-time ground- and space-based forecasting, as discussed in the following
sections.
Technical expertise: High levels of expertise are required to combine the datasets from various satellite
sensors, which is why satellite data provided by various agencies on different aspects are not fully
utilized by many stakeholders yet.
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Data availability: During flood management, there is always a lack of space-based imageries for relief
and rescue operations due to limitations in temporal resolution. Very high temporal, spatial, and
spectral resolution data for adaptation for either air pollution or floods is not always available for free.
National authorities do not use data sets of different countries, leading to the questioning of the
accuracy of the data for forecasting and thus low reliability for field level operations. Due to the
multiple sources, there is a gap in the consistency of compiled long-term datasets. Satellite revisit time
is another gap in data, which affects near real-time monitoring and implementation of appropriate
conservation measures. This gap is an area of concern for emergencies with regards to monitoring
sudden events such as flash floods caused by cloud bursting, and the collapse of ice sheets and dams.
Centralized storage and communication of data: The lack of a centralized data repository limits the
research and operations based on space technologies going from a global to local level. Areas prone
to poor air quality or flooding need continued real-time measurements to allow hazard prevention
and to find practical adaptation solutions. Although space-aided systems provide useful data, there
are many concerns regarding floods, such as creating a baseline for land cover data and to develop
data sharing mechanism.

2.2.2.4.

Summary of current early warning systems and their limitations

In conclusion, current early warning systems for flood and air pollution have several limitations. For
both systems the availability of high temporal and spatial resolution data, the technical expertise, and
the lack of storage are the main challenges. For air pollution, there is an additional challenge because
generally, only a few pollutants are being monitored and the specific local context is often overlooked.
The current early warning systems are also independent from each other; there is not yet a system for
both floods and air pollution hazards.
The main advantages of the AWARE iEWS are:
-

It uses remote sensing, navigation satellites, and ground sensor data to generate the alert
information to ensure uninterrupted continuity of service as there is no single point failure for
input data source.
- It generates timely warnings for adaptation planning.
- Its outputs will have complete transparency, periodical validation with ground truth data.
- It is the first solution which integrates air pollution and flood management into one
comprehensive integrated Early Warning System (iEWS).
- It allows for capacity building as a service to AWARE partners.
- It is truly flexible and modular; the solution can be tailored to the requirements of the city.
Artificial intelligence increases the predictability and certainty of the system and also helps in reducing
the processing time.
2.2.3.

Organizational Opportunities and Needs
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Figure 9 -

Losses indicated by extreme weather events per category (adapted from Mallon et al, 2012)

Organizations need to invest in climate change adaptation both for themselves and their clients.
Implementing reliable adaptation systems and plans would prevent product loss for businesses, and
ensure their proper functioning. Studies show that organizations with previous experience and
knowledge of extreme weather events are more likely to act on climate change adaptation. Motivation
for this action is often due to direct or indirect financial impacts on their business (Mallon et al, 2012).
When organizations were surveyed on why they have little or no investment in climate change
adaptation, the majority of respondents identified a lack of funds as a major barrier (Figure 10 -).
Other barriers were: climate change adaptation being beyond the scope of the organization’s work; a
lack of clear government policies and guidelines; lack of staff; and lack of information about relevant
adaptation recommendations (Mallon et al, 2012). Lack of belief about climate change within the
organization is one of the lowest mentioned barriers (11% reporting) to adaptation (Mallon et al,
2012).
Organizations with sufficient resources could educate clients about energy efficiency measures to help
them meet the increased costs of adaptation (Mallon et al, 2012). Many organizations reported they
could also provide: community education regarding energy and water efficiency measures to help
clients meet rising utilities costs; financial counselling services; and energy efficiency programs, such
as home insulation (Mallon et al, 2012).
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Figure 10 -

Barriers to adaptation for organizations (adapted from Mallon et al., 2012)

Organizations would like to further assist their clients with regards to preparing for climate change
and developing a climate change adaptation plan (Mallon et al 2012). A majority of them are
interested in partnering with other organizations to plan collaborative service provision during
disasters and disaster relief (Mallon et al 2012). If only for their own organization, they have every
interest to upgrade infrastructure to be resilient to climate change and extreme weather impacts if
resources were available (Mallon et al 2012). For their communities, they would like to develop a
disaster management plan and undertake a climate change risk assessment (Mallon et al 2012).
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Figure 11 -

What adaptation actions would organizations take if resources were available (Mallon et al 2012)

Figure 11 -shows that there is a clear need for climate change adaptation, that management wants to
help in these adaptation needs, and that there are clear needs to address, to implement climate
change adaptation effectively.
2.2.4.

iEWS Costs and Budgeting

The iEWS will target cities in LDCs that are the most vulnerable to serious flooding and air pollution.
As part of our business plan, we propose a long-term revenue stream based on the sales of our iEWS
services. We propose reinvesting these profits in two areas: internal research and development of our
system, and a focus on selling smart city consultation and adaptation planning services for cities in
developed countries.
We plan to base our service on free satellite data, as well as ground-based sensors. Our costs will
consist of the initial research and development of the system, possible payments for data sources, and
varying costs for tailoring and implementing the solution for each city or country.
The major technological services required for implementing iEWS are:
-

Satellite communication transponders, costing approximately $2500 per month, per MHz
Satellite communication ground equipment including central processing hubs and user terminals
for voice and data connections.
A Global Navigation Satellite System (GNSS) monitoring station to precisely model the total water
vapor content in the troposphere.
Broadband connectivity between central cloud computing and remote processing center.
FM station / Alert Television program generation for transmitting information to users.
Ground sections for air quality monitoring, sea disturbance monitoring and local weather
monitoring
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-

Remote sensing data and processing algorithm generation as per requirement and as per business
partnership plan (potentially with Sobloo).
Cloud-based data processing station; if independent, remote sensing data processing is required.
Link efficiency for 16APSK 9/10 ModCod is 3.57MHz (ETSI, 2009).

Trained workers to handle citywide processing station operations.
Table 6 - The tentative price breakdown for the iEWS (Prices are indicative as per current literature survey in
US dollars)

Satellite Communication Interface
Cost of satellite transponder (per month, per MHz)
Voice channel bandwidth (10KHz)
Equipment (advanced hub+ 10 terminals, 1 MBps)
Satellite phone cost (Iridium)
Rate of call per minute
Inmarsat 684 Kbps terminal
Troposphere model(Complete IGS)
Receiver
Installation
Solar power
Cloud based Processing and Connectivity
Cloud based Short Message Service (SMS) via Amazon
Web Service (AWS)
Cloud service charges (AWS) high end processing per
month
Broadband Connectivity (1 gigabit per second)
FM radio broadcasting station
Ground Sensors
Tsunami sensor

Price (USD)
$2500
$500
$180000
$1000
$1.5
$5500

CO2 monitoring sensor (box gascard sensor)
PM 2.5 sensor
Partnership based remote sensing data processing with
Sobloo
Manpower cost/Hour

$128-150
$300-500
$300

2.2.5.

$12000
$2000
$2000
$0.00645
$120000
$200
$15000
$20M

$40-60 (may vary according to
application)

Funding

For the initial research and development of the iEWS, our organization requires funding. We aim to
have a working prototype before approaching our target cities and countries. We will need an initial
investment for research and development of the system, as well as for research into helping countries
fundraise to pay for the system.
Due to the absence of profit distribution to shareholders in non-profit organizations, we choose to
target non-traditional funding methods. Equity funds (i.e. business angels and venture capitalists)
expecting to receive a significant return on investment. Non-profit organizations do not have an
ownership model. In contrast with companies, the shareholders in non-profit organizations do not
hold any ownership. As a result, the organizations are run by a board of directors, rather than
shareholders. Since all profits will be reinvested within the company, no dividends are paid, meaning
the business plan is less attractive to equity funds.
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Non-profit organizations usually rely on donations and governments grants. Both these sources can
fluctuate, and so we choose a multi-pronged approach to diversify our initial funding sources.
International companies that operate in areas of high disaster risk, are primarily exposed to financial
and material damages as a result of sudden climate related events as well as gradual climate change.
We will seek sponsorship from such companies to provide initial funding for iEWS. Other commercial
funding will come from companies seeking to improve their social image. Those companies can
eventually also become a target for partnership. Alternative funding sources will include several
methods of crowdfunding.

2.2.5.1.

Commercialization and Sponsorship Potential of iEWS

CSR is important in Bangladesh, because the clothing industry accounts for 80% of export revenue in
2015(World finance, 2015). 75% of total manufacturing industry is in the textile-clothing sector, of
which 85% of employees are women (Masum, 2016). With the implementation of the iEWS,
Bangladesh would increase its crisis preparedness and reduce its risk of damage products or materials.
For example, many international apparel factories are in Dhaka.

2.3. Smart Cities
2.3.1.

Adaptation for the iEWS

Part of the vision behind our team project is to promote space-aided climate adaptation for cities in
LDCs. After Section 2.2 introduced how our integrated iEWS could function in the short-term, we
found it important to consider how the solution could remain relevant in the long term. By long term,
we mean the next 15 years i.e. the time frame used in existing city adaptation plans.
Focusing on LDCs presents a challenge in considering iEWS as a smart city adaptation plan. The
challenge arises because we believe that with the UN Sustainable Development Goals (SDGs) as
guidance, the developing countries that originally inspired our solution will not remain LDCs. Instead,
it is our vision that factors such as per capita income, housing shortages, and declining infrastructure
in urban cities will significantly improve over the next 15 years in developing countries. The
improvement in these countries’ development can be partially attributed to the benefit of our
solution. Specifically, cities that use our iEWS for air pollution forecasting and flood risk warning will
experience healthier and more resilient populations.
To shape the smart city adaptation plans of our iEWS we have looked to Goal 11 of the SDGs on
Sustainable Cities and Communities (United Nations, n.d.). We use Goal 11 for three main reasons.
First, it encourages cities around the world to become safer, more inclusive, and able to adapt to
environmental changes and population growth (United Nations, n.d.). Second, Goal 11 is part of the
17 SDGs that were adopted in 2015 by members of the UN General Assembly who represent 193
countries (United Nations, 2015). Third, because two of Goal 11’s targets directly relate to our team
project’s subject matter. These two targets are:
•
•

Reduction of people affected by water disasters and substantially decrease the direct
economic losses
Reduction of environmental impact of air pollution on cities (United Nations, n.d.)
2.3.2.

Technical

2.3.2.1.

Planning for Smart Cities

The World Health Organization (WHO) has predicted that by 2050 approximately 68% of the world’s
population will reside in urban cities (WHO, 2014). With this projection, addressing Goal 11 will
become increasingly difficult. This is because the increasing urbanization has been especially
challenging to flood-prone developing countries or those experiencing consistent air pollution. To
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address this forecast, few academic scholars and practitioners have envisioned that smart cities will
be the way forward, although there is not yet an agreed-upon definition of what a smart city is
(Chourabi et al., 2012).
For our project we define smart cities to be urban environments that connect “the physical
infrastructure, the IT infrastructure, [and] the social infrastructure [...] to [benefit] the collective
intelligence of the city,” as proposed by Harrison, et al. (2010). By intelligence, we understand that
technological data can be integrated into a city’s physical infrastructure to better solve the problems
of its inhabitants (Harrison, et al., 2010). The data can also be shared throughout the different services
that occur within a city to better adapt it to environmental changes. For instance, being able to receive
data regarding the safe zones of a city during a flooding event. Our goal here is to improve the quality
of life of the population through adapting urban infrastructure to respond to environmental concerns.
To move towards a smart city, the Internet of Things (IoT) concept is a crucial element. As described
by Conti, et al., the IoT “integrates various sensors, objects and smart nodes (into daily appliances)
that are capable of communicating with each other without human intervention” (2018). These
sensors can be placed in everyday objects like smartphones or cars, and can continuously share small
amounts of data with other sensors to help make city life more convenient and technologically
connected (Ambrosin, et al., 2016). The usefulness of our iEWS becomes more obvious in a city where
IoT connectivity is more common.

2.3.2.2.

Integrating our iEWS into City Lampposts

Using the IoT, our iEWS can be integrated into cities that experience flood risks and air quality
concerns. Municipal governments in cities can help their populations adapt to these environmental
challenges. To be consistent with our short-term plan, we propose that our iEWS be integrated into
commonplace city infrastructure. Integration of our iEWS could occur in different ways, but we believe
connecting our system to lampposts would be the most effective starting point.
Lampposts are an essential fixture in urban environments, from busy metropolitan areas to highways.
Many cities worldwide are already replacing common sodium lampposts with more energy efficient
light-emitting diode (LED) lampposts. City councils are doing so because public lighting can account
for approximately 10-20% of a country’s electricity use or even more in the case of developing
countries (Escolar, et al., 2014). LED lampposts are already on the market and can be equipped with
data receivers to transfer data via mobile networks. For example, Philips Citytouch Street Lighting and
Vodafone’s Machine to Machine (M2M) services have partnered to install lampposts manufactured
by Philips with sim cards connected to Vodafone’s network (GSMA, 2017).
We make the assumption that city councils will be more interested in upgrading lampposts because
they will be cheaper to purchase and integrate with our iEWS, rather than committing funding to larger
infrastructure integration projects, for example, using buildings. As data receivers are already being
installed in lampposts, we envision that our iEWS will be able to communicate with them to share nonverbal information with any passersby using the IoT. The information would be communicated to a
city’s inhabitants by a change in color on the lamppost’s physical structure.

2.3.2.3.

Electrochromic Coating

To change the color of a lamppost’s physical structure, it can be fitted with Electrochromic coating
(EC) that are connected to the lamppost’s data receivers. These ECs can change color depending on
the electrical voltage they are exposed to. Such a process can be triggered by our iEWS, whereby
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different colors can be used to indicate the risk of a flood, air pollution levels, and a safety route to
guide people in times of emergency. EC can be made of a flexible material, meaning they can easily
be fixed onto lampposts. Our choice to use this material was inspired by its usage for the thermal
control of satellites. Satellites use electrochromic devices for changing the radiation properties of the
material’s surface to keep a spacecraft at a certain temperature (Chandrasekhar et al., 2014).
Electrochromic materials have also been used for car mirrors to reduce glare, and to dim airplane
windows.

2.3.2.4.

The Science behind the Changing Colors of Electrochromic Materials

For the lampposts, we are interested in electrochromic materials that can change, generate, or fade
their color in reaction to a small electrical current of 1 volt (similar to the power in an AA battery). As
a result, the material has the potential to save energy because it can retain its color until it is exposed
to a higher electrical voltage. There are two processes involved in changing the color of electrochromic
materials (Figure 12). First is the process of reduction where the material gains electrons; the second
process is called oxidation where the material loses electrons (Chandrasekhar et al., 2014). These
processes alter the way the material interacts with the visible spectrum that humans can see.

Figure 12 -

Switching colors with Electricity.

Risk of the flood
Though buildings may not be present throughout a city, lampposts generally are. The abundance of
lampposts in a city will be useful in times of emergency. If a flood hazard has arrived in the city, the
EC displays on the lampposts will be triggered to show a bright yellow color to light a route to safe
areas. The route that is lit will be similar to an airplane runway; the yellow colored EC will pulse in the
direction people should move to safety. As the EDD devices have a fast response time, they will help
inhabitants adapt to flooding events by guiding them away from dangerous zones, in a similar way to
the lighting inside airplanes that guides passengers to the emergency exits.
Flooding emergency
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Though buildings may not be present throughout a city, lampposts generally are. The abundance of
lampposts in a city will be useful in times of emergency. If a flood hazard has arrived in the city, the
EC on the lampposts will be triggered to show a bright yellow color to light a route to safe areas. The
route that is lit will be similar to an airplane runway; the yellow colored EC will pulse in the direction
people should move to safety. As the EDD devices have a fast response time, they will help inhabitants
adapt to flooding events by guiding them out of harm's way; similar to the lighting common inside
airplanes that can guide passengers to the emergency exits.
Air Pollution
The top of the lamppost can be fitted with a larger EDD. This device would change between green,
orange, red, and purple. Green being zero or minimal air pollution, orange being light air pollution,
red indicating moderate levels of air pollution, and purple indicating dangerous levels of pollution. The
benefit of this system is that it is easily noticeable and can help with the adaptation of the city’s
inhabitants. For example, a red EDD may inform people that if they go outside, they are advised to
wear a facemask; purple may indicate that people are advised to stay inside. It is plausible that the
desired behavioral response will depend on the national standards set by the city’s municipal
government. These standards would need to be considered if appropriate public outreach is to be
considered for a smart city adaptation plan.

2.3.2.5.

Additional Possibilities for Integrating our iEWS in Cities

Air Quality Sensors
Another benefit of integrating our iEWS with lampposts is that we can incorporate additional sensors
that blend into a lamppost’s structure and the surrounding environment. These sensors would be used
to gather additional environmental information that can be used for by our iEWS for the detection
and measurement of air pollutants. Low cost sensors connected to the IoT network can help collect
information of air pollution levels in different parts of a city. This information can be fed back to the
iEWS AI to help increase the accuracy of warnings. There are various types of sensors that can monitor
different gases. Common types are electrochemical or metal oxide sensors, photoionization detectors,
and optical particle sensors. With these sensors we can detect the NO2, SO2, O3, NO, CO, and PM gases.
Not every sensor is capable of detecting every gas that contributes to air pollution in an area, so
multiple sensors are needed.
A current limitation to this plan is that low cost air quality sensors are not capable of providing
sufficient calculations of temperature drift and humidity. These factors interfere with the molecular
structures of air pollutants we could detect. Another limitation is that metal oxide and electrochemical
sensors have long reaction times, meaning data could not be processed quickly. However, 15 years
from now, as per our long-term vision, future technologies may change this scenario. If so, low cost
sensors will be considered an asset in air quality measurement, and can become another component
to improve our iEWS. New and improved technologies should be periodically researched to evaluate
whether it is cheaper to imbed lampposts with multiple sensors that can detect one air pollutant each
or one sensor with the capacity to detect all pollutants.
Traffic Re-routing
In times of flooding emergencies, panic and ensuing chaos are common occurrences. Citywide panic
makes it hard for authorities to coordinate rescue strategies or move people to safety. It is foreseeable
that if lampposts are being manufactured to connect to the IoT network, the same could be done with
traffic lights. With IoT-enabled traffic lights, our iEWS could, in times of emergency, change all the
traffic lights to red. Changing the traffic lights would prevent people from diving into flooded areas.

2.3.2.6.

Structure of Device
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The structure is composed of two main parts, an upper part indicating the four different levels of air
pollution and a lower part indicating three levels of flood risk. The idea was to design the pole in an
intuitive way that puts air above water. The explanations of the different levels and the suggestions
the system provides were described earlier in the introduction to this chapter.
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Figure 13 -

Air pollution index indicator for the lamppost.

The upper part has a stripe that changes colors without changing the illumination on the road itself.
This was a major safety consideration that had to be addressed as part of the design of the lamppost.
Moreover, we chose an upper stripe that changes colors instead of having three different levels of
colors to avoid confusion with traffic lights.
The electrochromatic coating and associated electronics enable changing colors in specific parts of the
pole as well as changing the entire color of the pole to yellow in case of an emergency. Our solution
will also indicate the direction of evacuation by changing the intensity of the light. This design was
inspired by runway lights that are very clear and visible in different weather and lighting conditions.
These indicators are connected to the iEWS through the Internet of Things and will stay connected to
the grid in order to stay up to date.
Because of the importance of the pole during emergencies it is necessary to ensure sufficient
independent power capacities. Hence, a battery will be part of the design in addition to conventional
connection to the power grid. The battery capacity will provide at least 36 hours of power supply to
the lamppost. Electric convertors will distribute the power to the different parts of the pole.
In order to enable the use of the lamppost in countries that do not necessarily have an advanced smart
city infrastructure such as fiber-optic cables, we have decided to install a satellite receiver. This will
connect the lamppost to the iEWS and will also allow for future developments of the lamppost
including an air pollution ground sensor. This will provide more accurate data about the air quality in
the city. A Wi-Fi enabled mesh network will allow for redundant communication in the event of
primary communication failure.
The physical structure of the lamppost has a main light that illuminates the road is a LED light in order
to provide an energy sufficient solution. The height of the pole might vary depending on the lighting
and safety specifications and requirements of the area where it is placed.
2.3.3.

Business

2.3.3.1.

Costs and Budgeting

Our long-term costs will be mainly operational. Other costs include ongoing maintenance of the iEWS,
as well as training the operating crews. A major part of the organization operation will be to research
and develop future adaptation plans, as well as offering consultation on infrastructure. The assumed
cost for IoT-enabled lampposts currently looks to be up to 8,000 EUR per lamp according to a European
Union Commission official working with city governments on smart city street lighting projects
(Euractive, 2017). However, the 8,000 EUR price tag could change 15 years from now; this price does
not include the cost of installing Electrochromic coating (EC). The project would require a proper
coverage layout of lampposts in accordance with the AWARE program and then multiply the number
of lampposts by the value per lamp.
S.No.

Item

Cost

Remarks

1.

Street Light pole
structure

100 USD

Steel (5 mm Thickness) Up to 8 M height

2.

LED lighting
system

55 USD

•
•
•
•

IP65 enclosing
10 W output power
Solar panel 12V 60W
7200 mAH battery for 36 Hr/operation without
sunlight
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S.No.

Item

Cost

3.

Satellite based
Wi-Fi receiver

500 USD

4.

DC-DC
convertor

10 USD

5.

Smart Paint kit

250 USD

•
•

Price/ 2 square feet
Includes all electrical interfaces

6.

Wi-Fi based
controller for
smart paint kit

50 USD

•

Customized solution required, not available
currently
Price estimated for 1K units

Installation +
maintained cost

As per
installed
location

7.

2.3.3.2.

Remarks
•
•
•
•
•

It can be shared across the pole in 30m
35 USD per month cost additional
72 Kbps speed
Two way communication possible
8 devices can be connected at one time

12V to 5V convertor for satellite receiver

•
•

Cost varies from 50 to 200 USD as per
installation location

Funding

Funding options for operations begin with the revenue stream from our services already in-place.
Secondary funding options will be investigated as required. Since a non-profit organization cannot
directly access funding resources, our action plan will involve approaching the country in which we
want to implement our solution. This method will help it reach the appropriate international
organizations. Funds acquired will be then used by that country to purchase iEWS, and using the
subsequent revenue, we will be able to provide our long-term services for free. A Memorandum of
Understanding (MoU) will be drafted between our organization and the specified country, and
between the country and the funding source, to ensure that the funds will be allocated and used
appropriately.
Our proposed business model is subscription based. Our main package is a service provided both in
real-time as well as via routine reports (daily, monthly, or as needed). The iEWS will require
maintenance, and we are planning to use our revenue stream to fund future activities, therefore, a
subscription model seems most appropriate. The payment structure will be contracted in advanced
for multiple years, and will be billed monthly. We propose that the majority of the initial installation
cost will be billed in advance as a one-time payment, with the rest of the cost will be incorporated into
the monthly payments. In the long term, we can offer complementary services, such as providing data
validation services via ground sensors.

2.3.3.3.

International Funding Initiatives

Proposed sources for initial funding will include international funding initiatives aimed at supporting
climate investments in developing countries as least developed countries may have difficulty to bear
additional financial stress (KEMA, n.d.). This is important because lower income countries national
budgets often only cover basic infrastructure development and social investments in their national
budgets.
Two international funding initiatives have been identified as potential donors for EWS
implementation.
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Least Developed Countries Fund
The Least Developed Countries Fund (CIF) is administered by the Global Environment Facility (GEF)
with the World Bank as a trustee. It was selected as a potential donor because it supports the needs
of the 48 least developed countries that are most vulnerable to serious flood and air quality risks
(Climate Funds Update, n.d.). Their core focus is to support these countries in the preparation and
implementation of their National Adaptation Programs of Action (NAPAs) which highlight the
countries’ strategies for dealing with climate change. This can include both adaptation and mitigation
plans. Projects below $2 million threshold are considered medium-sized, while large projects are
above this value.
The first step in accessing the fund is to include the iEWS proposal for the proposed city into the
relevant NAPA. Many LDCs have been exposed to major flooding challenges (Such as Bangladesh in
our case study); innovative adaptive solutions such as the iEWS can be considered a priority because
it responds to an urgent and immediate need for disaster risk reduction. Once the NAPA is submitted
to the UNFCCC, it will be subject to a review process that can take a maximum of 22 months from the
submission of the project identification form (PIF) (NUDP, 2009). Proposals submitted for funding are
reviewed based on agreed project criteria including: country ownership, program and policy
conformity in terms of project design, financing plan, institutional coordination and support, and
monitoring and evaluation (Climate Funds Update, n.d.).
European Union Global Climate Change Alliance
The European Union Global Climate Change Alliance (GCCA) fund supports both mitigation and
adaptation measures in low income countries but most of the funding is reserved for disaster risk
reduction efforts (GCCA, 2011), which is a major component of the early warning system. GCCA has
supported 51 programs in 38 countries around the world and currently is in a new phase called GCCA+
2014-2020 (GCCA, 2011). This new initiative is oriented towards supporting the 2015 Paris Agreement
on Climate Change and the Sustainable Development Goals contained within the 2030 Agenda for
Sustainable Development; in particular, the 13th goal related to climate change. The financial budget
allocated for this phase is EUR 420 million (GCCA+, 2018).
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Figure 14 -

2.3.3.4.

Low Development Country Fund Process Flow Chart (NUDP, 2009).

Alternative and Hybrid Financing Options

Vulnerable areas that could potentially benefit from the AWARE system are numerous. Alternative
financing models should be employed to cover as many areas as possible. This section outlines the
alternative ways of financing the implementation of the iEWS.
2.3.3.4.1. Crowdfunding
Crowdfunding platforms such as Kickstarter and Indiegogo are popular crowdfunding platforms that
support artistic projects, new products, and non-profit charitable activities. These platforms can be
utilized for the iEWS implementation in two ways:
•

•

Charity crowdfunding. As a Foundation, the proposed AWARE entity can promote the project as
a charitable activity. Indiegogo has a dedicated platform called GoFundMe that offers such
crowdfunding capabilities without any platform fees. The platform has a number of projects for
disaster response and relief (e.g. earthquake relief for Lombok raised over $30k in 7 days) and
could be also used for disaster risk reduction activities (GoFundMe, n.d.).
Traditional crowdfunding. The traditional crowdfunding system is based on rewards for funds.
Each project defines its own rewards depending on the subject. In the case of the iEWS, rewards
can be created by the community for which the system is being implemented. The local
community could create homemade-craft items of different value as rewards. The AWARE
Foundation could also partner with a company (e.g. ispace) who could create crowdfunding
rewards as a donation. In this case, ispace would gain both exposure through the platform, and
contributions from the people around the world. With these creative solutions, many partnering
companies could be involved through the donation of items serving as marketing tools.
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2.3.3.4.2. Microfinancing/Microloans
Many microfinancing projects (small loans at low interest rates to small businesses or individuals) are
aimed at small-scale, community-based or individual projects. Larger projects funding $50k or more
are also possible. For the AWARE project we could envision a micro financing approach, meaning that
the financial resources required for the project are provided by many small contributors instead of
one major investor:
•

We can collaborate with an existing crowdfunding platform (for example Kiva.org) for receiving
the funds. The city would receive the funds from a donor and would need to use their own method
for repaying the loans (possibly with help of the AWARE fund). In this case, the majority of the
fundraising would be managed by the cities adopting the system.

•

We can set up our own microloan platform solely for the iEWS implementation. With this method,
any participating city can launch their funding campaigns and invite donors for the iEWS
implementation through the AWARE-owned platform.
2.3.3.4.3. Hybrid financing

Hybrid financing encompasses a mixture of proposed financing methods. For example, a city
government can fund part of the AWARE project, with the rest of the funds coming from crowdfunding
and/or microfinancing. A crowdfunding campaign can be done in collaboration with another fund,
where all the donations are doubled with the donations of the fund. This scenario is often desirable
as such a campaign leads to a lot of positive exposure.
With a plethora of financing models to choose from, the participating cities can employ the one that
is most appropriate for them. These financing models empower the cities to be an active, rather than
passive, receiver of a donation. The donation process is also more transparent, because other parties
are involved in the allocation of resources, as well as the AWARE Foundation.
2.3.4.

Commercialization and Sponsorship Potential for Smart Cities

There are 10 sustainability elements predicted to impact all businesses over the next 20 years(KPMG
International Cooperative, 2012). One of these elements is Climate Change, which has triggered
Corporate Social Responsibility (CSR) by global corporations. Sony is an example of one company
targeting a greener management 2020 (Sony, 2017) as a CSR initiative to aid in the decision-making
process on how to prepare for climate change adaptation.
The concept of “smart cities” is becoming increasingly prominent in city planning. Information and
Communication Technologies (ICT), integrated into the city’s infrastructure, will allow collecting and
sensing data. Several information and hardware companies, such as IBM, are already building smart
city initiatives, and pursuing cooperation with cities to provide such functionality (Batty, 2012). Global
companies are seeing opportunities in creating a smart city vision, and are interested in being involved
(Söderström, 2014). Current is a platform by General Electric (GE) that offers smart street lighting
solutions, which has collaborative partnership potential, for example (Current by GE, n.d.).
2.3.5.

Sponsorship Opportunities

A recent study by the US department of Energy found that in the public’s opinion, the most familiar
and important aspect of smart city applications was smart lighting (Silver Spring Networks,
2017)(McKinsey & Company, 2018).There are currently 315 million total streetlights in the world, and
this number is expected to grow to 359 million streetlights by 2026. Out of 221 surveyed smart city
projects, about a quarter are deploying smart street lighting solutions (Navigant Research, 2018),
some expect deployment of up to 73 million connected street lights by 2026(Navigant Research,
2017).
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Smart street lighting is considered an easy way to incorporate ICT (information and communication
technologies) into a city’s infrastructure. The access to existing electricity infrastructure, the relatively
close distance between the lampposts, and the large coverage area - make intelligent lighting
appealing for entering the smart city market. As such - there are several companies, such as Silver
Spring Networks (Itron Acquires Silver Spring Networks, n.d.), that focus on implementing smart
lighting solutions for reasons greater than energy savings for there are benefits that such lights can
bring as distributed sensors(Philips Inspiration, n.d.). The Dutch city of Tilburg had a smart lighting for
interactive city lights with Phillips which provides lighting on demand, saving up to 80 percent of utility
costs.
Many cities are focused on smart city disaster response(amsmarterdam city, n.d.), in order to help the
emergency forces and collect data using sensors in time of a disaster, and smart lighting companies
are focused on improving connectivity and data collection, or for energy efficiency (Castro1, et al.,
2013). Our solution capitalizes on all of the aforementioned advantages, making use of the existing
connectivity of lampposts, their constant presence in the urban landscape and their network-like
nature. Our solution is unique as it provides: passive sensing devices or communication relays, uses
the huge coverage area and abundance of the lampposts to aid in public communication, and energy
savings with LED technology.
2.3.6.

Public Outreach of Smart City iEWS Integration

We aim for our iEWS to be integrated into IoT-enabled lampposts to trigger EC on its structure. Though
we have explained that the EC will change color depending on flood risks and poor air quality it is
important the city’s inhabitants understand what these colors are communicating to them. Here,
public outreach and public education will be essential for our iEWS to be effective adapting the
population’s behavior in times of environmental hazards.
Public outreach can occur through different communication channels and will need to be adapted to
the city’s population. Language differences, cultural aspects, and diverse communities present in a
city will need to be considered. Partnering municipal governments will have a better understanding
of what will work best for their city and can involve policy makers to include our iEWS in disaster
management procedures. Tailoring the approach per city may be more time-consuming but it will help
ensure knowledge of the iEWS is shared and understood amongst the city’s inhabitants.
AWARE and partnering cities design education programs to target different audiences, for example,
public school workshops may be more helpful to educate younger children on how to recognize the
meaning of the lamppost colors. A public website with descriptions of the different color meanings
may be more useful for older people. Whatever the approach, public outreach will be crucial for a
city’s population to adapt their behavior in times of poor air quality or flooding events.
2.3.7.

Legal Challenges of Smart City iEWS Integration

2.3.7.1.

Liability

There are legal considerations to integrating our iEWS with lampposts for disaster risk management.
The most obvious problem being, who is at fault if the EC do not work as intended? This problem can
be elaborated using the concepts of a “false positive” and “false negative.” In the context of our
project, a false positive scenario would be when there is no flood hazard in the city, but the EC on the
lampposts light yellow to indicate there is. A false negative in this context would be the opposite;
there is a flooding hazard in the city but the lamppost EC do not indicate there is. Such situations can
raise problems for the city because a flooding event is disruptive and force daily occurrences like
transport services or peoples’ jobs to stop to evacuate those in harm’s way. As a result, money and
time will be lost. Doing so means that our system could be vulnerable to cyber-attacks and hackers.
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Cyber security is a concern for any data network and though hackers can be prevented, they cannot
be ruled out altogether.
To protect the AWARE organization from scenarios where our iEWS is compromised, we will include a
liability clause within contracts that are negotiated with cities integrating our warning system. This
clause will state that AWARE cannot be held liable if its services do not function as intended. This form
of liability protection is an approach common to GNSS providers to protect themselves from being
sued. As our iEWS is intended as a public service for cities, we envision that many individuals within
the city will rely on our iEWS. Though the risk of our iEWS not performing as it should being low, it
cannot be overlooked entirely. Therefore, to continue to provide this service we will follow the GNSS
provider approach to reduce claims by municipal governments or third-party claims by companies,
and individuals seeking compensation for alleged damage suffered if our iEWS malfunctions.

2.3.7.2.

Intellectual Property

As we will be sharing flood and air pollution warnings to city inhabitants through lampposts integrated
with our iEWS, we will distribute valuable data. It will be important to negotiate with the lamppost
manufacturers, contracting cities, and AWARE stakeholders what happens with the collected data and
who owns it. The intellectual property (IP) of data related to our iEWS cannot be answered until a
proper plan of operation has been finalized by the AWARE organization and contracting partners.
Nonetheless, IP is an important point for our organization to consider.

2.4. Conclusion
In conclusion, in this chapter we proposed a technical and comprehensive solution that will be based
on a space-aided integrated early warning system (iEWS). Our proposed base solution, iEWS, will make
use of an Artificial Intelligence network to integrate and analyze space-based and ground-based sensor
data. The iEWS will include warnings about floods and poor air quality, as those are main issues in
LDCs. The means for communicating warning messages will be the communication channels that
already exist in the city, primarily mobile notifications.
Current early warning solutions, which are usually separated and very specific, have their limitations,
and as such we believe our iEWS provides major benefits over them.
Our iEWS adaptation solution, has greater long term potential, and should be integrated into the city’s
infrastructure. As the movement towards smart cities and IoT becomes more prominent, the second
layer of our solution is to integrate our iEWS into the smart city landscape. We believe connecting our
system to lampposts would be the most effective starting point. Lampposts are an essential fixture in
urban environments, from busy metropolitan areas to highways. Our lampposts will use satellite
sensors, and will communicate air quality and flood risk indicators using electrochromatic paint and
smart LED lights. In case of an emergency, our lampposts will be triggered to show a bright yellow
color to light a route to safe areas.
Both those solutions pose future opportunities for cooperation with private companies, via further
integration of our system into the city’s infrastructure, and by educating the community through
outreach efforts in those cities. We proposed to start a non-profit organziation named AWARE, based
in Switzerland, that will be providing those solutions to cities in LDCs. This organization will cooperate
with international bodies as well as private companies, to achieve this goal.
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Chapter 3. Case Studies
In this chapter, we introduce two case studies of cities that can benefit from the AWARE solution:
Section 1.
Section 2.

Dhaka, Bangladesh
Randstad / Rotterdam, The Netherlands

With the focus on cities and specifically least developed countries (LDCs), we selected Dhaka for a
variety of reasons. Dhaka is the capital of Bangladesh, an LDC prone to regular flooding and air
pollution hazards. Flooding in Dhaka is often a result of heavy rainfall, but other factors such as sea
level rise add to the flood risk. Dhaka is also prone to regular seasonal variants in air pollution that
peaks during the months when there is less rain. As one of the highest populated cities in LDCs globally,
the decision was made to assess solutions for Dhaka as a case study.
We seek to understand how to implement a viable solution for Dhaka, how to meet the adaptation
needs of the community, and to highlight advantages of the iEWS solution over other systems. We will
outline the iEWS’s dual coverage of air pollution and flooding, the use of satellite data for space-aided
alerts to the public, assistance to decision makers, and the use of artificial intelligence (AI) for evolving
this decision making process. We also address the importance of making strong alliances with local,
national and international partners to ensure AWARE’s efforts regarding public outreach are
successful.
Rotterdam is Europe’s biggest harbor and one of the major Dutch business hubs. It is a city at sea level
and has shown in the past its effectiveness in implementing projects and programs to achieve a
relative level of security against flooding. The city also aims to ensure clean air and admits openly that
it has a serious air pollution problem. Several locations in the city fail to meet the European air quality
standards for nitrogen dioxide (NO2) (City of Rotterdam, 2015).
We accepted the challenge to address both air pollution and flooding in a city that is on the cutting
edge of climate change adaptation with ingenious ideas, including building floating communities,
installing sand pumps to create sandbars, and developing dikes. Our solution can improve the status
quo as a modular system for air quality, flooding or both hazards at the same time and it can be applied
to other cities globally. The AWARE solution of smart lampposts in Rotterdam allows for an integration
of sensors and smart infrastructure, raises public awareness, provides suggestions on how to adapt to
climate change, and can help improve urban planning. Our solution meets the needs specifically
addressed within the Rotterdam Adaptation plan.
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3.1. Current situation in Dhaka/Bangladesh
Dhaka is in the heart of Bangladesh. Local politicians are very aware of climate change and the risks
that air pollution and regular annual flooding bring to the city and other parts of the country (DNCC,
2016). Local efforts need to be coordinated with adaptation strategies on a national level. The Prime
Minister is entrusted with the strategic guidance, and the Minister for Environment, Forest, and
Climate Change is responsible for coordinating individual plans (MoEF, 2014). Climate change has
recently been included in the official Ministry’s denomination, which shows the importance that the
country places on the topic of climate change adaptation (Bangla Tribune, 2018). This is a need that
has been equally emphasised by the UNDP in its 2011 report (UNDP, 2011).
While significant adaptation measures have been previously implemented, notably in the most
densely populated parts of Dhaka city, 13% of the city’s population is still subject to flooding (Huq and
Alam, 2003). Insufficiently planned urbanization, and the gradual transformation of areas formerly
used for drainage (e.g. canals and rivers) poses an issue during heavy rainfall as these areas no longer
retain or drain water leading to an increased flood risk in the city (WBG, 2015). The problem of
unplanned urbanization is equally relevant for neighboring low-lying nature areas as these areas can
(partially) no longer serve as flood retention zones in case of flooding without posing a hazard to the
population. Dhaka, being situated in a low lying part of Bangladesh, always faces flood risks during
excessive rainfall. It is also at risk from the encroachment of canals connecting to rivers, which has led
to a decrease in water retention areas (Haque et al, 2010).
A unique feature of Dhaka is that the city is ruled by two corporations, with one mayor each for the
North and South of the city (DNCC, 2017). The department in charge of water and sanitation, as well
as, floods, is the Dhaka Water Supply and Sewer Authority (Dhaka WASA n.d.).
Data from the flood affected regions of Dhaka and surrounding coastline over the past 15 years is
provided in Figure 15 -. Over this period, it shows the largest area of flooding in Bangladesh occurred
in 2007, and covered 42% of the country. 10% of the country becomes flooded on an annual basis.

Figure 15 -

Flood affected area in Bangladesh for past 15 years (adapted from DNCC, 2017)

Regular flooding in Bangladesh has made the headlines in the international press. However, the
country, and particularly its capital, suffer from another problem as well: air pollution.
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According to the most recent World Health Organization data (WAQI, n.d.), Dhaka had an air quality
index (AQI) of 168 in the past year and was classified as “unhealthy” (WAQA, n.d.). To put this into
perspective, the AQI states that everything below 50 is healthy and everything above 100 has adverse
effects on human health (WAQI, n.d.) Main air pollution sources in Dhaka are vehicular emissions and
fumes from brick kilns, particularly during the dry seasons. Emissions from metal smelters are
additional air pollutants during rainy seasons (Begum, Biswas and Hopke, 2011). A major source of air
pollution comes from the energy inefficient production of bricks, using agricultural waste and coal as
fuel. This air pollution impacts health, particularly in the densely populated capital of Dhaka
(Guttikunda, Begum and Wadud, 2003). Further air pollution components in Dhaka are volatile organic
compounds (VOC’s), carbon monoxide (CO), relative humidity (RH), nitrogen oxide (NOx), hydrogen
sulfide (H2S), carbon dioxide (CO2), oxygen (O2), sulfur dioxide(SO2), particulate matter (PM10), and
particulate matter (PM2.5) (Alam et al., 2018). There is a seasonal correlation between precipitation
and air pollution, with higher pollution during the dry season. The effect of the monsoon on air
pollution season can be seen in Figure 16 - and which compares the monthly rainfall and the average
air pollution for the duration of one year.

Figure 16 -

3.1.1.

Variation of rainfall and air quality index over the year in Dhaka (adapted from Ministry of
Environment & Forests, 2018, and Shahid, 2010)

Proposed Implementation of iEWS in Dhaka

The question of adaptation to flooding in Bangladesh has been the subject of many past projects with
a number of international partners. After disastrous floods in 1987 and 1988, the Asian Development
Bank supported a feasibility study for an integrated flood protection system of Dhaka in 1991 (ADB,
2002). The study was successful and eventually led to the Dhaka integrated flood protection project,
which was completed in 2001 (ADB, 2002).
In 2004, extreme weather and 48 continuous days of rain again caused dramatic flooding in most parts
of the city, demonstrating a clear need for an iEWS, despite having other adaptation measures in place
(Samuels, Klijn and Dijkman, 2006). The iEWS could easily be deployed in Dhaka city first, and after an
analysis of results, be extended to other Bangladesh cities.
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3.1.2.

Advantages over other EWS systems

The iEWS offers a number of advantages compared to other Early Warning Systems (EWS), such as the
current Flood Forecasting and Warning Centre of Dhaka (FFWC), which disseminates the flood alerts
to Government and local authorities, concerned NGOs, the Media, and disaster managers (Shihab
Uddin et al, 2017). Our space-aided iEWS for flood management in Bangladesh improves this system
through the following points:
-

-

-

iEWS addresses emergency situations not only with regards to flooding, but also when Dhaka is
faced with severe air pollution. The system also technically allows the addition of other early
warning system modules based on satellite remote sensing such as for heat stress or earthquakes.
Precipitation monitoring is introduced into the solution, providing rainfall intensity data, which
enables Bangladesh to come up with more accurate adaptation strategies and warn its population
earlier of a possible flooding event.
iEWS is based on accurate modelling and AI. This enables efficient decision making and
dissemination of information for updates to the community.
The high resolution Digital Elevation Model introduced into the system is of particular importance
for Bangladesh coastal areas, which have little variation in elevation. Safe zone detection using
high resolution DEM during floods is an important feature for flood management.
Near real-time flood alerts through remote sensing data from space.
iEWS is taking into account all different sources of data, making it highly adaptable. The FFWC so
far uses only NOAA satellite pictures for rainfall estimation (Rahman, 2006).
Unlike ground-based sensors, satellite data provides large area coverage, and is geographically
far less constrained.

iEWS data not only enables monitoring of flood locations, but can also be used to identify which parts
of the areas are urbanized, allowing the local authorities to dispatch first aid more efficiently, and
where necessary, to take action against unplanned encroachment of housing or other urban
structures.
3.1.3.

Alliances with Other Players

A key local partner in using remote sensing data should be the Bangladesh Space Research and Remote
Sensing Organization (SPARRSO). This organization is tasked to peacefully apply “space and remote
sensing technology, in the field of Agriculture, Forestry, Fisheries, Geology, Cartography, Water
Resources, Land use, Weather, Environment, Geography, Oceanography, Science, Education, sciencebased Knowledge and other related space research areas” (SPARRSO, 2017).
On the international level the Economic and Social Commission for Asia and the Pacific (ESCAP) could
help space aided sustainable development of Dhaka (Bangladesh) as part of its regional development
efforts. Both Organizations should be interested in a cooperation with AWARE, in order to use remote
sensing data for future adaptation to the country's benefit in the fields that are outlined in the
Organization’s mission.
In the 1990s, the Asian Development Bank made a significant investment. The World Bank then started
the Clean Air and Sustainable Environment project (CASE) program in 2009 (WAQI, 2018). More than
$10 million USD has been used for air quality research and monitoring by the Air Quality Research and
Monitoring Center (AQRMC), Dhaka (WAQI, 2018). In 2015 the World Bank, through its Bangladesh
Climate Change Resilience Fund carried out another study (WBG, 2015). The Fund allows investment
of 170 million US dollars to the people of Bangladesh in order to foster their climate change resilience
(WBG, 2012).
AWARE will investigate in detail whether the iEWS implementation in Dhaka could qualify for a
partnership with one of the above mentioned programs to build a more precise and resilient iEWS for
Dhaka.
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3.1.4.

Awareness Raising

We acknowledge that much work remains to be accomplished, even after the iEWS has been
implemented. The general public will need to be taught on recommended practices to react and adapt
in case of high air pollution or flood events. Campaigns regarding the “do’s and don’ts” in case of
emergency, need to be set up. This information should be supported with regular annual drills, to
prepare for worst-case scenarios. Putting the learned knowledge in practice is a successful training
method and would help people to cope with danger and adapt successfully.
One way to inform, and build the trust of the general public and future generations about possible
adaptation strategies for climate change, is through education of children and young adults. At higher
education levels, we envisage cooperation with schools and the Bangladesh University of Engineering
and Technology (IWFM, 2018). This University, through its Institute of Water and Flood Management,
offers a specialization in Water Resources Management and may be interested in cooperating with
AWARE to offer space-aided water monitoring (IWFM, 2018). The University could also help
establishing a “train the trainer” concept, educating committed individuals to carry further the main
messages and train other people to become aware of the iEWS.
We note that a similar process of trust building and awareness of dangers is equally true for
astronauts. They also rely on early warning systems (on board the spacecraft as well as on Earth) to
inform them of any critical issue that might endanger their mental or physical health (e.g. space debris,
cosmic radiation, malfunctions of life support systems and stress) (NASA, 2014).
Astronauts are trained extensively (safety drills) over many years to establish certain routines and for
them to stay calm in moments of stress relying on EWS for their daily survival in space (NASA, 2017).
The same idea of regular drills is common practice in schools, companies, etc. in order to stay aware
of how to react in emergencies (e.g. building evacuation in case of fire).
This is a comparable example demonstrating the importance of establishing trust in our iEWS to help
raise awareness about the reliability of space-based early warning systems in general. Our awareness
campaign must encourage people not only to accept the iEWS as a space-aided solution, but also rely
on the organization and reliability of the system in helping them to adapt to climate change.
Accompanying the implementation of the iEWS, AWARE could launch additional public activities
during the annual periods of high air pollution to connect with the local population. For example, the
installation of air filtering towers in central parts of the city could have a dual beneficial effect. These
towers will allow people to take a breath of pollution-free air without any health concerns (Studio
Roosegaarde, n.d.). In parallel, these demonstrations can also be used as a way to raise public
awareness for air pollution and the corresponding adaptation strategies.
In contrast to air quality, public awareness about flooding is likely to be less of an issue as Dhaka is
regularly flooded (WBG, 2015). We consider that training can still be improved to inform the people
of the iEWS advantages. We intend to educate about the positive aspects of successful adaptation,
and to inform people about the expected city water levels in different scenarios, such as without any
adaptation, with adaptation, or during monsoon rainfall.
3.1.5.

iEWS Communications

When designing and implementing the iEWS alert messages for different media, extra care must be
taken to adjust the message to the local requirements. In Dhaka, it seems clear that messages should
be communicated in Bengali, which is a language universally shared by almost all people in
Bangladesh. It is crucial to include all important information in a message that is sent one-way, without
any clarification being required.
The precision of our descriptions and the projected levels of awareness resulting from our efforts are
particularly significant because the iEWS needs to be understood by people of all ages, with very
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different educational backgrounds. It is also significant because the iEWS provides both air quality and
flooding alarms at several levels of emergency. The more alert levels there are, the more difficult it is
to pass an instructive, unambiguous message to people on how to react. Officials, from both national
and city levels, will need to address these issues, as well as other details of the alerts (e.g. type of
action required, timeframe available, source/direction of danger, author). Figure 16 - shows that the
periods of rainfall coincides with the periods of lower air pollution. As the alerts for floods and air
pollution will be in different seasons, there is little risk of confusion, helping people to better adapt to
the iEWS.
3.1.6.

Capacity building

While our public outreach ideas could be easily adapted and implemented in Dhaka, we also deem it
preferable to organize awareness and outreach campaigns through, or in cooperation with, local
companies or partners. Commercial partners could be Grameen Phone, the leading
telecommunications service provider in Bangladesh given that cooperation with the company is
required anyway in order to successfully integrate the iEWS alerts.
Non-profit organizations already exist. Caritas (CAN, n.d.) is active in capacity building for disaster
management and climate change adaptation. Two of the Organizations main goals are healthcare and
education as well as disaster management (Caritas (Bangladesh), 2017). The Bangladesh rural
advanced committee (BRAC), has invested in education, healthcare, and agriculture to help develop
the country (BRAC, 2018). These organizations could form a mutually beneficial partnership with
AWARE, as they have been active longer in the same field of expertise. We acknowledge that the iEWS
is only one important stage of the adaptation process, and that subsequent information will need to
be made available after an alert, for example: where to go in case of flooding, or where to get a
breathing mask in case of high air pollution. Local organizations, including the above are likely the best
partners for AWARE, to present the people of Dhaka with an end-to-end adaptation solution for floods
or air pollution, and save lives.
Local initiatives, projects and organizations have the advantage of knowing local specifications much
better. They are usually also well connected and can significantly facilitate trust in AWARE with the
local population. Further cooperative partners could be local grass-root initiatives with whom AWARE
could look for common objectives to achieve together.
Capacity building requires strong partners and help from the outside. As air pollution and floods are a
global climate change adaptation problem, an obvious solution would be to initiate a city partnership
between Dhaka and other flood-prone river delta cities. The aim could be for Dhaka to join the 100
resilient cities initiative.
While the idea of twinning cities was initially intended to allow cultural exchange after the second
World War (The Highland Council, 2008), the concept of twinning cities or sister cities has developed
into a more commercial exchange often between cities with similar interests (BBC, 2013).
We suggest a partnership between Dhaka and Rotterdam in the Netherlands as both cities face air
quality and flood hazards. While Dhaka could benefit from successful adaptation techniques tested in
the Rotterdam’s multi river delta in the Netherlands. Rotterdam and the Randstad region could benefit
from an export of Dutch technology and knowledge to Dhaka. Dutch adaptation solutions could be
stress-tested under more extreme conditions (monsoon rainfalls and cyclones) providing further
knowledge for future adaptations to the Dutch infrastructure as weather extremes occur more often
with climate change.
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3.2. Smart City Adaptation
3.2.1.

Current Situation in Randstad/Rotterdam

Randstad is a metropolitan area in the Netherlands (Figure 17 -) consisting of four provinces NoordHolland, Zuid-Holland, Utrecht and Flevoland. This provinces include the four major cities Rotterdam,
Amsterdam, The Hague, and Utrecht. This region is also the core of Dutch economy with two main
ports: Schiphol Airport and the Rotterdam harbor. It is a strategic European economic region ranked
as the fourth largest European metropolitan area (HNP, 2017). With a vast population growth in the
region within the last 50 years, Randstad has become a large European metropolis with 8.2 million
inhabitants. As such, it is considered one of the most densely populated urban areas in Europe.

Figure 17 -

The Netherlands with showing the Randstad area as shown with the black outline an Rotterdam city
in blue. Adapted from: Randstad Monitor Report 2017

For air quality, the Randstad region was 7th cleanest out of 20 European metropolitan areas in 2014,
with 36.3% particulate matter (HNP, 2017). According to the Informative Inventory Report 2017
Emissions of transboundary air pollutants in the Netherlands 1990-2015 "The Dutch NH3 emission
series are dangling about the national emission ceiling set for the year 2010. For NOx, SO2 and NonMethane Volatile Organic Compounds (NMVOC) the Netherlands is in compliance with the respective
ceilings in 2015" (NEC, 2010). These emissions have reduced in the past mainly due to cleaner fuels,
cleaner cars and changes in the industrial sector. Still, according to recent reports, there are very local

Adapting to Water and Air Realities on Earth
Page 59

hotspots that face serious air pollution, exposing the population to dangerous levels of pollution
(DutchNews.nl, 2016; City of Rotterdam, n.d.).
We note that tracking air pollution sources is a complex problem. About 31% of air pollution in
Randstad comes from Germany, Belgium and the UK, all of which neighbor the Netherlands. On the
other hand, Randstad area actually exports three times more air pollution than it imports from
neighboring areas, thus contributing to the cross-border pollution (Priemus and Elizabeth, 2009).
Randstad needs to comply with European standards for air quality that took effect in 2005. These
standards require that in Randstad during a 24-hour timeframe the value of PM10 per m3 cannot
exceed 50 micrograms on more than 35 days per year (Priemus et al, 2009).

Figure 18 -

NOx emission inventory by TNO for the Netherlands, the northern, most densely populated part of
Belgium, the German Ruhr area, and the North Sea, on a 7×7 km2 grid (Vlemmix et al., 2015).

3.2.2.

Rotterdam - Air Quality Adaptation

Rotterdam is a main transit hub in the Randstad region. It has an ambitious commitment to halve its
CO2 emissions by 2025, compared to 1990 levels (Whiteman et al., 2011). TNT, a global transportation
and logistics company based in Randstad, is planning to become the ﬁrst zero-emission courier
company (TNT, 2015). Rotterdam is also designing urban green spaces to provide ecosystem services.
These spaces help to decrease air pollution, noise, and heat (Derkzen, van Teeffelen and Verburg,
2015). The city has committed to further optimize “sustainable mobility aimed at less-polluting
vehicles in the city center and growing use of bicycles and public transport” (City of Rotterdam, 2015).
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Figure 19 -

Maps of Rotterdam neighborhoods with respective greenery (Derkzen, van Teeffelen and Verburg,
2015)

3.2.3.

Rotterdam - Flood adaptation

The preferred strategy for the Rotterdam region is to increase protection levels. The current proposed
focus is on improving the dikes and barriers, as well as providing extra tolerance area on either side of
the river. In order to reduce the consequences of floods in areas where there is no embankments (i.e.
city harbors), there is a focus on flood-adapted building and evacuation measures (Restemeyer, van
den Brink and Woltjer, 2018). These include adaptive building, construction of floating buildings, and
designing outdoor areas, including roadways, infrastructure, and green areas while leaving room for
water flow and drainage areas. During periods of high water levels, certain dedicated areas will be
cordoned off, cars towed away, and sand bags made available (RCI, 2012).
Rotterdam has significant experience in constructing floating communities (Inhabitat, 2013), for
example, mixing paving and vegetation in order to capture rainwater in areas not frequently used (e.g.
low lying parking areas, underpasses). These measures prevent the drainage system overloading
during floods. The city planning ensures that flood prone areas incorporate a water robust design by
adapting areas to store rainwater (i.e. using intelligent street profiles) (RCI, 2012). Green playgrounds
known as water plazas are also used for storage. In extreme conditions, these plazas have the capacity
to retain water from higher lying grounds to avoid flooding of other, more important infrastructure
(Resilient Rotterdam, n.d.).
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Rotterdam ensures regular information flow to its citizens as it considers it vital for adaptation.
Smartphones and social media communication are key for fast dissemination of information to the
inhabitants of Rotterdam. Therefore, information is provided not only via brochures but also the
Internet and mobile Apps (RCI, 2012).
3.2.4.

Existing EWS Systems

The European Flood Awareness System (EFAS) is the European system for monitoring and forecasting
floods across Europe. It provides complementary flood early warning information up to 10 days in
advance, to the National Hydrological Services (EFAS, 2017).
The Flood Early Warning System Rivers (FEWS Rivieren) in The Netherlands provides forecasting for
the water levels in the Rhine and Meuse rivers. Meteorological variables (e.g. atmospheric pressure
differences, cloud movements) observed are used as inputs for the dedicated forecasting system,
which uses a hydrological model in order to predict water levels in the Netherlands. The challenges
arising from this model stem from changes in land use over time, climate change phenomena, and
measurement imprecision (Imprex, n.d.). The results of the hydrological model are used for the
“Generator of Rainfall and Discharge Extremes” (GRADE) that determines the likelihood of floods
through precipitation (Imprex, n.d.).
In Rotterdam, there are two warning services: the storm surge flood and river flood warning services
(Ministry of Infrastructure and Environment, 2012). Both systems are administered by the water
management center of Rijkswaterstaat. Sirens are used in the first instance to alert the population in
the event of a flood. The local radio and television stations can provide additional information and
guidance, and are paid an annual fee for this service. On the Internet, a crisis-dedicated website
informs the public during and before a crisis (Crisis.nl, n.d.). The Ministry of Security and Justice also
leads public information campaigns on different risks. The NL Alert cellular broadcasting system allows
all mobile phones in a specific geographic area to be reached by SMS (Ministry of Infrastructure and
Environment, 2012).
A national risk assessment made in 2008, found that in the case of a flood, densely populated areas
along the seacoast cannot be evacuated in time (Ministry of Infrastructure and Environment, 2012).
In this instance, the general public is expected to be self-reliant and resilient for a number of days. If
an evacuation order is given, the emergency services focus on traffic control and limit their active
removal efforts of citizens to those strictly requiring help for evacuation (Ministry of Infrastructure
and Environment, 2012).
3.2.5.

Making Rotterdam Smart

Drainage systems play a major role in channeling flood water. For better spatial adaptation,
Rotterdam’s current drainage system needs to be improved. Working jointly with the local
municipality helps to manage drainage systems effectively.
Areas of low elevation, such as Rotterdam city center, have higher flooding risk because the flow of
water down-slope into these regions is higher. Figure 20 -shows the elevation profile of Rotterdam’s
central zone.
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Figure 20 -

Elevation profile of Rotterdam (source: de Boer et al. 2018).

Civil infrastructures such as tunnels are often situated below surface level. Therefore, water tends to
accumulate in these strategic city infrastructure areas in times of rain or flooding. In the case of
Rotterdam, this is extremely risky because many parts of the city are below current sea levels. The
current solutions are pumps to help pump out excess water. Yet, if extreme precipitation occurs,
pumps can fail leading to blockages and flooding of further areas above sea level leading to major
damage. This is just one example of the many challenge that cities are and will be facing in the coming
decades. This means that spatial planning to adapt to these realities becomes increasingly important
and smart infrastructure can help with adapting to floods and air pollution hazards.
3.2.6.

How AWARE Can Help

Smart lampposts can be installed in the city to indicate air quality index level and flood status. As
outlined in Chapter 2, air quality status is shown by gradual color change from green (good air quality)
to purple/maroon (bad air quality) (Figure 21 -). The flood level indicator is on the bottom part of the
smart lamppost where three Electrochromic coating (EC) show the level of threat for flooding. The
color of the lampposts adopted in our solution, is inspired by the official air quality index, but only
contains four colors instead of six. (why 6 instead of 4?)

Figure 21 -

Air Quality Index (source: EPA, 2014).

[ ADD THE LAMPPOST DESIGN]
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Figure 22 -

Proposed AWARE lamppost for smart cities (Perez Fraguas, 2018)

The smart lampposts are a cost-effective solution and use the electrochromic coating to generate or
fade their color in reaction to a small electrical voltage of around 1 V. If lampposts are distributed with
good coverage across urban areas, they will obtain a comprehensive picture of city-wide air quality.
The installation of smart lampposts does not require any additional space. The existing lampposts can
be updated or replaced with smart technology. The lampposts are independent and do not require
any ground station support. However, despite this independence, IoT enabled smart lampposts can
be used as relay stations for ground monitoring sensors on the status of dikes and barriers.
The slope variations in the Randstad region are relatively insignificant. In our case study we found that
urbanization of low lying areas is automatically more vulnerable to flooding. iEWS’s long-term solution
is to mandate the use of high resolution DEMs (de Boer et al., 2016) to identify low lying areas and plan
infrastructure accordingly (Huang et al., 2007). Satellite sourced Digital Elevation Models (DEM) with
high temporal resolution will be useful in designing an effective drainage and sewer network. The data
sheet from the Municipality of Rotterdam, shows that currently there is no complete maintenance
record and planning for the city’s sewage and drainage system (de Boer et al. 2018). Additional ground
sensors in public sewers and drainage pipes will enable the monitoring and identification of any
blockage during excessive water flow after or during heavy rainfall.
Historical satellite images with time series analysis show variation in water channels over time and
aids in creating effective city planning (Mueller et al., 2016). By including them into the iEWS the
system is trained to make better forecasts for local areas based on their history. Understanding the
urban microclimatological effect and its patterns historically will help local authorities to do city spatial
planning to better adapt to climate change realities.
Dike and dam management is the most complex task carried out on a regular basis (Correlje and
Broekhans, 2013). The purpose is to identify and reinforce weak dikes. Soil moisture and pressure on
dikes are the two most important parameters to indicate their strength. These parameters can be
obtained from hyperspectral satellite imagery and from ground sensors, to perform centralized dike
and dam management (Cundill, 2016). Even though dikes are a relatively old idea for spatial adaptation
in coastal areas, it is a highly effective one when done correctly. The Netherlands is both a great
example for how to build, maintain, and operate dikes, but unfortunately also an example of what
happens when there is no such infrastructure in place. The importance of space-based sensors for
dikes should not be underestimated as it relies heavily in for example GNSS services.
3.2.7. Business Opportunities
In recent years, the concept of smart cities became more prominent in city planning. Information and
communication technologies (ICT), integrated into the city’s infrastructure, will allow the detection
and collection of data (Anthopoulos, 2017). Integration of ICT can allow the city infrastructure and
services to adapt to various scenarios, and also to the specific needs of each citizen. Several
information and hardware companies, such as IBM, are already developing smart city initiatives, and
pursuing cooperation with cities to provide such functionality (Batty et al., 2012). These big companies
are seeing opportunities in the smart city vision, and are interested in being involved in different
aspects of it (Söderström et al., 2014).
With the growth of the Internet of Things (IoT), initiatives to use smart city capabilities to deliver
information and warnings became more prominent. Initiatives from companies like SideWalk Lab,
which aims to accelerate urban innovation, and Intersection, which provides important information
and announcements within the city, are becoming more common (Intersection, 2018).
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Rotterdam is looking into smart city initiatives in order to make itself “future-proof” (The New
Economy, 2018). The city established a program called CityLab010, which supports citizens and small
organizations in pursuing innovative ideas for the city. More specifically, in an interview with Smart
City Programme Manager for Rotterdam, CityLab010 stated that they are expressing an interest in
smart city lights (The New Economy, 2018). Rotterdam also has entities such as CoDE (Center of Digital
Excellence) that organize private-public relationships to support ICT innovative projects (CoDE
Rotterdam, n.d.).
There is collaborative partnership potential with General Electric (GE) (Current by GE, n.d.). The
company produced smart lampposts, which incorporate intelligent LED fixtures on roads using
sensors, microprocessors, and transmitters to act as high-performing data grids (GE, n.d.). One
advantage of partnering with GE is that they allow the customer (city or organization) to own the data.
This can help in avoiding legal and procedural issues regarding data privacy. The partnership
agreement will need certain system configuration for this solution to be effective, such as resilience
through power outages. Boston, Massachusetts, for instance, has developed a model for a power
generation system so the city cannot suffer from entire grid blackouts (Mingle, 2016).
There are other future potential features that can be added such as running the lampposts through a
mesh network, to be used in the event of an emergency. Wireless mesh networks have an added
benefit of eliminating the cost of installing fiber between buildings. As more or less coverage is
needed, wireless mesh nodes can be added or removed allowing for a more dynamic solution for
networking in a city, especially in the event of a crisis. “Big Belly” trash containers contain similar
technology as they allow their bins to become a mesh network in the event of emergency (Bigbelly,
2015). The data generated and collected could become an additional part of the feedback loop of data
in the early warning system to further adapt and improve the smart city adaptation planning system.
To ensure data is properly captured, there may be the need to legislate or to require interoperability
in the system. This would ensure data is compatible with databases of other systems following
established standards.
Potential risks of implementing a mesh network to collect data include liability issues, when not
correctly notifying someone (false positives/negatives) who is in need of urgent information on an
imminent hazard. We also consider the discussion on who owns and uses the data, and how the use
of such data is a potential concern for the city and those in it. People may be deterred by the
knowledge that their data is being stored and used, potentially in violation of their rights. Ensuring
that this data is not sold or used for purposes other than the iEWS would be necessary to ensure
smooth adaptation.
3.2.8. Alliances with other players
There are several organizations in the Netherlands that are in charge of generating flood alarms and
air quality measurements. Together with other government offices, these organizations will be our
natural partners. The Ministry of Infrastructure and Water Management (Government of Netherlands,
n.d.) is responsible for "improving quality of life, access and mobility in a clean, safe and sustainable
environment." These goals align with our own with regards to the air quality and flooding early
warning system, and also with the smart city vision of integrated lampposts. The Rijkswaterstraat is a
Dutch government agency responsible for the management and maintenance of main infrastructure
(e.g. railroads and waterways) (Ministry of Infrastructure and Water Management, n.d.). Given the
overlapping interests between AWARE and these organizations, a cooperation will be of mutual
benefit.
The Dutch National Institute for Public Health and the Environment (RIVM), which monitors air quality
and its effects on human health (National Institute for Public Health and the Environment, n.d.), is
another potential collaborator among government institutions.
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The space segment of our system could partner with ESA and with the Netherlands Space Office (NSO),
which is involved in both air and water quality monitoring from space (NSO, n.d.). This monitoring uses
state-of-the-art technologies such as the Tropomi instrument on board Sentinel 5-P (NSO, n.d.).
Netherlands Institute for Space Research (SRON) is a leading Dutch national institute that focuses on
scientific space research to help in the many technological challenges that are unique to the
Netherlands (SRON, n.d.).
The Netherlands water management center is responsible for monitoring the Rhine and Meuse rivers,
which are the largest rivers entering the Netherlands (Rijkswaterstaat, n.d.). One main challenge for
forecasting the water level is that most of the water basin is not located in the Netherlands. For this
reason, a cooperation with the German forecasting system was established (IMPREX, n.d.). Our
solution will help monitor these areas from space, to improve flood predictions with a potential to
expand our alliance with German forecasting organizations. Another potential partner is the National
Water Authority, which is an international organization consisting of 21 regional water authorities that
are responsible for the Rhine-Meuse-Scheldt delta (Dutch Water Authorities, n.d.). We would also
seek an alliance with the Ministry of Transportation, which helps create and update evacuation routes
for specific cities in the region in cases of emergency (Government of Netherlands, n.d. ).
A potential cooperation could be with the Deltares DELFT-FEWS system that provides forecast services
as part of the ‘Flood Early Warning System Rivers’ (FEWS Rivieren) in an open-data handling platform
(Deltares, n.d.).
Our solution can add another layer of data on the air quality and connect with future smart cities in
the region of Randstad. The European Climate Adaptation Platform (ADAPT) which was established as
a partnership between the European Commission and the European Environment Agency could help
us to encourage adaptation programs (Climate-ADAPT, n.d.).
We have already discussed some business alliances with private companies in Chapter 2, however we
wish to mention them again here. Our outreach activity and public awareness raising through smart
lampposts for smart cities could be done in cooperation with a Dutch company named Studio
Roosegaarde having already realized other projects in relation to flood risks. The project “waterlicht”
demonstrates virtually the water level rise with and without human intervention, including the effect
of global warming (Studio Roosegaarde, n.d.).
Creating Public-Private Partnerships (PPPs) as part of future alliances with our organization is a great
opportunity for funding, information sharing, and developing more integrated solutions as part of
future smart cities. Similar partnerships are encouraged by cities of the Randstad region, like
Rotterdam (Rotterdam Climate Initiative, 2013).
3.2.9.

Awareness raising

The many reports generated by the different organizations, institutes and ministries on both national
and international levels, demonstrate the high level of awareness for floods in the Netherlands. Some
examples of this awareness include:
-

The Transfer to 2040 report (Ministry of Infrastructure and Water Management, 2018),
The Summary National Policy Strategy for Infrastructure and Spatial Planning (Ministry of
Infrastructure and Environment, 2011),
The national climate adaptation strategy 2016 (Ministry of Infrastructure and Environment,
2016),
The Rotterdam Climate Change Adaptation Strategy (Rotterdam Climate Initiative, 2013),
Program on Sustainability and Climate Change 2015-2018.
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The smart city solution will address both air pollution and floods not only from an EWS point of view
but also as part of public outreach and awareness, specific to the Randstad region, which could be
custom-made to each of its cities.
In order to celebrate the possibilities that smart city planning offers, cities could decide to have the
lampposts display particular colors on special local events (e.g. Rotterdam marathon or King’s Day),
raising more awareness (Rotterdam Festivals, n.d.).
We understand the importance of clearly communicating the message to people of all cultures and
languages, in such an international and intercultural city as Rotterdam (Randstad Region, 2017). We
consider that the simplest and most practical solution of interaction with the public is through light
indicators, rather than information in writing.

3.3. Conclusion
This chapter provides an assessment of the implementation of our solution for flood risks and air
quality through iEWS in Dhaka, Bangladesh and the smart city concept in Rotterdam, The Netherlands.
We showed that AWARE can bring great benefits to urban populations that are negatively affected by
flood and air pollution.
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Conclusion/Discussion
The mission of our TP was to provide space-based strategies for climate change adaptation. To fulfil
our goal, we needed to explain what climate change is and address the differences between mitigation
and adaptation common to environmental topics. Through this process, we have identified the need
to focus on adaptation, specifically for air quality and flooding hazards. The data presented in this
report illustrates the negative consequences that deteriorating air quality and flood conditions can
have on human life, the environment, agriculture, and more. Space-aided resources can help develop
plans for hazard adaptation, by filling existing gaps in current monitoring technologies.
We focus on cities because an increasing majority of the global population resides in urban areas.
Therefore, we believe that adaptation strategies for cities would have the greatest impact from our
team project. After extensive research, we have gained a deep understanding of vulnerable cities’
needs, particularly those that are considered LDCs according to the UN definition. These are often the
same countries that are unable to make use of space-based technologies. Our iEWS was therefore
intended to make space technologies more accessible to cities in LDCs to help them better adapt to
flooding and air pollution realities.
To make our project’s solution more relevant, we evaluated current policies and strategies that
countries around the world are making to address climate change adaptation. This evaluation included
brief reviews of international and EU policy, national adaptation policy (NAPs), and regional and local
policy instruments. By analyzing policy instruments our team got a better idea of the policy needs that
our iEWS addresses, and potential partners that may be interested in our system. Our iEWS is intended
to be a modular system meaning other environmental hazards that align with policy interests could
be incorporated at a later stage.
As our solution focuses on adapting to air quality and flooding concerns, we identify difficulties with
commercializing Earth observation data. Although the domain of Earth observation data remains
primarily within the scope of government agencies, commercialization is useful to advance
innovations in the field of climate change adaptation, and encourages it to become more selfsustaining, eventually making the data more accessible to the public at large.
We propose the initiation of a non-profit organization named AWARE. Although we acknowledge that
there are multiple countries where it could be established, we have described the organization’s
incorporation into Switzerland. We made this choice because Switzerland tries to remain politically
neutral and has a legal system that is beneficial to a non-profit organization. Switzerland is also home
to the headquarters of many international bodies and private companies that AWARE could partner
with, to realize its goals.
The concept behind AWARE is a first. It integrates space-aided and ground-based information for both
air pollution and floods. Its product, the iEWS, makes use of AI for an evolved form of early warning
system to help filter relevant information, and accurately inform city inhabitants of air pollution and
flood risks. In the case of a hazard, iEWS information is distributed through media channels to
disseminate appropriate alerts to the public. With the reality that climate change induced hazards will
only increase, the iEWS solution can be incorporated into smart city planning to allow for effective
adaptation.
We address fundamental questions common to the iEWS and the smart city concept, such as the
cooperation with national governments and international partners and how to organize outreach and
awareness activities for AWARE. AWARE offers a cost-effective way to adjust existing urban
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infrastructure to the goals of climate change adaptation. Our innovative idea is to develop urban
planning through the use of smart lampposts as space-aided indicators of air pollution or flood risks
that a city may face.
Using spin-off space technology, the lampposts address the need for public outreach and awareness,
by providing a clear visual indicator for both air quality and flood risk. We believe our system’s use of
lampposts would be the most effective starting point as these objects are an essential fixture in all
urban environments. The smart lamppost exemplifies how traditional infrastructure can be used to
better adapt cities to environmental hazards.
We selected Dhaka as a case study for a variety of relevant reasons: it is a highly populated area, it is
a LDC, it is prone to regular flooding, and it has poor air quality standards. In contrast, we also selected
Rotterdam, Europe’s biggest harbor, as it is on the cutting edge of climate change adaptation. The city
is at sea level and has shown effective strategies in implementing projects and programs to achieve a
relative level of security against flooding and air pollution.
Our modular solution can improve the status quo for air quality, flooding or both hazards at the same
time, for Dhaka and Rotterdam, while also showing applicability to other cities globally. Both the iEWS
and lamppost solutions create future opportunities for cooperation with private companies, via
further integration of our system into the city’s infrastructure, and by educating the community
through outreach efforts in those cities and beyond.
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